WO 2010/151740PCT/US2010/039942 A-1478 WO-PCT- 1 -Electronically Filed HETEROCYCLIC
COMPOUNDS AND THEIR USES This application claims the benefit of U.S. Provisional Application
No. 61/220:488 fileeidune 25, 2009, which is hereby incorporated by refi&#E P& MESsent invention
relates generally to phosphatidylinositol 3-kinase 5(PI3K) enzymes, and more particularly to selective
inhibitors of PI3K activity and to methods of using such materials. BACKGROUND OF THE

INVENTION  CelLsighalingyvia 3'-phosphorylated phosphoinositides has:beemimpiicated in a
variety of cellular processes, e.g., malignant transfotination, 10growth factor signaling, inflammation,

and immunity (see Rameh ejat; doBiol ChemoR R MBS IND(THFIR fusaseview). The enzyme

responsible for generating these phosphorylated si ing products, phos idylinositol 3-kinase (Pl

3-kinase; PI3K), was oﬁ%ﬁ?wlﬁgﬁfﬁ ﬁrﬁ%tgﬁ%&?\ﬁg/oa%a%cﬁé égi\?vl?fﬁ %ﬁﬁ%%ééggfp%ﬁcins and growth

factor receptor tynosiekinasesithatshosphorjiates hSphp spleatriplivbaitét @HeEnd its phosphorylated

e e S L LR sl g FaANGIR ehbalhalia Gl biol 2:255 60 (1992).
Wi i ate (PIP3

The levels of phosphati ositol1-3,4,5-triphosp [

| , the_primar, duct otf Pl 3-kinase
activation, iricred§é3H;bGﬂzbﬁ@aﬁrﬁ@ﬁﬁ@f@@%ﬁﬁﬁﬁ@\?ﬁﬁ@ﬁﬁ%fﬁ%@ﬁﬁ%ﬁ’g ﬁ?é%&gévé fialing through

receptors for theymaigity:Qf-grenwtbudRiactongiand many inflammatory stimuli, hormones,
neurotransmitters and antigens, dgigtl tku)%t ivation of PI3Ks represents one, if not the most
prevalent, signalﬁ%%@%%év@ﬁt s;ﬁ(}ma %?iwn mammalian cell surface receptor activation
(Cantley, Science 296: 855365 {2002)phemhasdebiodermomestiiRedasiseem, 70: 535-602

(2001)). P 3-kingg 1%%&5‘@%&99%?%11@1&%%%@@ inoa witlerange effealuarresponses including
cell growth, migration, differentiation, and apoptosis (Parker et urre?lt‘ i?Ing)é.Sl:577-99 (1995);

: L, .
Yao et al., S@ien%@%@f?ﬂ%@%@é@?@ﬁ@ﬁ@ﬁ’ﬂ@HBWH%‘[%EQI%@%?Eg LG phosphorylated lipids

generated following:R| Bkinase wxstivaton)Have netdveehitfe iyzyher sasterizads 05 known that
D oo gl R0 A8 SR iR omma ARG SRS Rigactivated when
(PT 3-kinase; PI3K), was originally identified as an activity associated with viral
.oncopro‘ieins and growth factor receptor tyrosine kinases that phosphorylates
15  phosphatidylinositol (PT) and its phosphorylated derivatives at the 3'-hydroxyl of
the inositol ring (Panayotou et al., Trends Cell Biol 2:358-60 (1992)).

The levels of phosphatidylinositol-3,4,5-triphosphate (PIP3), the primary
product of PI 3-kinase activation, increase upon treatment of cells with & variety
of stimuli. This includes signaling through receptors for the majority of growth

20 factors and many inflammatory stimuli, hormones, neurotransmitiers and
antigens, and thus the activation of PI3Ks represents one, if not the most
prevalent, signal transduction events associated with mammalian cell surface
receptor activation (Cantley, Science 29611 655-1657 (2002); Vanhaesebroeck et
al. Annu.Rev Biochem, 70; 535-602 (2001)). PI 3-kinase activation, therefore, is

25 involved in a wide range of celtular responses including cell growth, migration,
differentiation, and apoptosis (Parker et al., Current Biology, 5:577-99 (1995},
Yao et al., Science, 267:2003-05 (1995)). Though the downstream targets of
phosphorylated lipids generated following P1 3-kinase activation have not been
fulty characterized, it is known that pleckstrin-homology (PH) domain- and

10 FYVE-finger domain-containing proteins arc activated when binding to various
phosphatidylinositol lipids (Sternmark et al., J Cell Sci, 112:4175-83 (1999},
femmon et al., Trends Cell Biol, 7:237-42 (1997)). Two groups of PH-domain



phosphatidylinositol lipids (Sternmark et al., J Cell Sci, 112:4175-83 (1999); Lemmon et al., Trends
Cell Biol, 7:237-42 (1.997)). Two groups of PH-domain WO 2010/151740PCT/US2010/039942
A-1478 W%g%l;a%_-sfﬂgtaining PI3K effectors have been studied in the sontexted/iswane cell
signaling, members of the tyrosine kinase TEC family and the serine/threonine kinases of the AGC
family. Members of the Tec family containing PH domains with apparent selectivity for Ptdins (3,4,5)P3

include Tec, Btk Itléﬁggfét&ﬁ&nding of PH to PIP3 is critical for tyrsosine kinase activity of the Tec
family membersA(é effer and Schwartzberg, CurrOpin.Immunol. 12: 282-288 (2000)) AGC family

members that are regulatgel by RISK ingluds the ahosphoiosiiidedspandant kinase (PDKI), AKT (also
termed P1(B) aﬁan(t:‘égr}%ii%sig%ﬁo?ﬁeg % t’protein I%?]Sase §d€ gKC), and 5% kinase, There are three isoforms

of AKT and 1 Oattiveliien et nikeTsiel shohghy asddrastdd it BIs LY 5@%&%%?8ﬂﬁ?ation and survival
signals. Activatipn,of AkiTidepgnds.anphasaiverylstian by RRKIY, cvhishiaisBthdenseins
3-phosphoinositide-selective PH damain to recryit, it tg the, me  wherejitinteracts with AKT.
Other important‘ﬁm@ﬁ%ﬁlt@él %%k%déﬁ%(gé’é#r? é%c%@gg%?n \g%cr{rl?gn Annu.Rev.Immunol.
22 563-598 (2084)lidp itpd] b BEdmecistieris bfyordein Mimasi P &y s direlily activated by

P1P3. (Burgering et al., ?ﬁ%&f&%@%@&i@ggz@@ R PrRseniyuthe Rb3kinase @uggme family has
been divided int0 three classes based on their substrate specificities. Class, T. PI3 $.can
Shals Spsaltee. e TR

phosphorylate pAé¥pRanty el ProspHEs TSR GSPhALE, ahd phosphatidyl- 2 0
inosito1-4,5-biphesphais: (RER2)HDRIQJNEE phissphatid\RinBsitod RrptiosstetasPiP),

phosphatidylinosito1-3,4-bi e 10sphatidylinosital < wirphosehate, respectively.
Class Il PI3Ks pﬁf)‘%ﬁ&fﬁ%%@ﬁpg%sé a%?éﬁ?ﬁ%ﬁ%ﬁéﬁ%o%}%z%fﬁﬁ%ﬁ% wh%eas Class Ill PI3Ks can
1

only phosphorylateiRitidhe inkiElipsirdreaiicnsardpioebulis Ll S P kiNEER T 802aled that 25it
was a heterodimg}.cQsisting ok p85,a58 IR SubsAiLs (Opsusphaty! Gelh, BEPIIK 1,04:{0991); Hiles et

al., Cell, 70:419-29 (1992)). Since then,.four distin lass |. PI3Ks ﬂvgtg%ﬁ&ﬁggﬁig@, designated
P13K a, p, 8, and's? Baich 'B}F%TBBW&%F%EE? ﬁ%ttwfi%ﬁ R (‘}}ﬂé yli?gltéut;unit and a regulatory subunit.

More specificallywthieetafitheccatalirticksUtdmits ieoripit PO bsubepighap PX6s2hed interact with the
3 Osame regulatory subynit, PE WHGISAS R e INiGrAGK It scdistingbiegplatoniiro,
15  some isoforms of protein kinase C (PKC) are directly activated by PIP3.
(Burgering et al., Natore, 376:599-602 (1995)).

Presently, the PT 3-kinase enzyme family has been divided into three
classes based on their substrate specificities. Class I PI3Ks can phosphorylate
phosphatidylinositol (PT), phosphatidylinositol-4-phosphate, and phosphatidyl-

20  inositol-4,5-biphosphate (P1P2) to produce phosphatidylinositol-3-phosphate
(PIP), phosphatidy}inositol-3,4-biphosphate, and phosphatidylinosttol-3,4,5-
triphosphate, respectively. Class 1I PI3Ks phosphorylate P{ and phosphatidyl-
inositol-4-phosphate, whereas Class HI PI3Ks can only phosphorylate PL

The initial purification and molecular cloning of PI 3-kinase revealed that

55 it was a heterodimer consisting of p85 and p110 subunits (Otsu et al., Cell, 65:91-
104 (1991); Hiles et al,, Cell, 70:419-29 (1992)). Since then, four distinct Class
PI3Ks have been identified, designated PI3K «, B, 0, and v, each consisting of a
distinet 110 kDa catalytic subunit and a regulatory subunit. More specifically,
three of the catalytic subunits, i.e., p110a, p110f and p1 108, each interact with the

30  same regulatory subunit, p83; whereas pi10y interacts with a distinct regulatory
subunit, pl01. As described below, the patterns of expression of each of these

PI3Ks in human cells and tissues are also distinct, Though a wealth of information



subunit, p101. As described below, the patterns of expression of each of these PI3Ks in human cells
and tissues are also distinct. Though a wealth of information WO 2010/151740PCT/US2010/039942
A-1478 WO-PCT- 3 - has been accumulated in recent past on the cellula-fynetinps 06831 3-kinases in
general, thé"%@%"&%&é‘a by the individual isoforms are not fitlly understood. Cloning of bovine pl
|Oct has been described. This protein was identified as related to the Saccharomyces cerevisiae
protein: Vps34p, a protein involved in S5vacuolar protein processing. The recombinant p1 10a product
was also shown#o' 4280t with p85a, to yield a Pi3K activity in transfected COS-I cells. See Hiles

etal., Cell, 70, 419-29 (1992). The cloning of a secand human p110 is »designated p1100, is
described in Hu EBPeMEF B BIH 1357677288 ?féb%f%%%% cg}r%%ié)ffsal tlgl?l%%ggociate with p85 in

cells, and to be ybigtitolislyrxpregsety dspldiotlmReionas teent Bl FERErous human and
mouse tissues as well g in, “@Q&H{P%ﬂiﬁﬁl yein endathelialicells, Mtkat humamimiskemic T cells, 293

human embryonic kidney cells, mouse 3T3 fibroblasts, HelLa _cel!?. and NBT2 rat bladder carcinoma
cells. Such widcasxphesdior s EBtOMEEth RETEHBHIPIS BFoatRF i SREHE Th TESiIGRalhg pathways.
Identification of the pidOGdsafosmcetRi3RinaseistdestitietinGhantrretlsd. sBoBiIChem,

272:19236-41(1997). It was observed that the human g.isofarmris exprggsed madissue-restricted
fashion. It is exp?é%oscéﬁea‘f“ﬁ?g‘#%&é? i y?n%%gcgl/%es gpn lymphoid tissues and has been shown to

play a key role irePl 3C20KIRasEXRARAIARED. signaling in the immune system (Al-Alwan etl al. JI 178:
2328- 2335 (2007); Okkephauehel@llecbid Hh2A-F1RBi(2006) desigratal pPNASS 103: 1289-1294

(2006)). P1106 has also been shown to be expresse in.breast cel etanocytes and
endothelial cells $¢A5gPed 5}.@73Fé%%%h&?‘i?‘%ﬁé%é@ﬁﬁlﬁ%&? @Leﬁ}wﬁlr?]%ﬁgted in conferring
selective migratapsqrepestiesy35ta bréastdanderdelisi (Salyyapresald ante? Re8 S8 ¥667-1675

(2003)). Details oncerning the P1106;isoform. alsg canibe dounddn 4.8 RataNasoBiéhs, 753;
5,822,910; and 55%%%%1@ ee also, Vanhaesebroeck et al., Proc gﬁt Acad Sci USA, 94:4330-5

(1997), and interreitiondpisbatatibn Wi drmessaiiriadn ttthe’ PIREIGTARE S Subtypes, the p85
subunit acts to logglize Ri303kinases taihe plasmalmedibr ane Ny TheairiterattionrofitsiBH2 domain

with cells. Such wide expression suggests that this isoform is broadly important in
15  signaling pathways.
ldentification of the pl 108 isoform of PI 3-kinase is described in Chantry
et al., J Biol Chem, 272:19236-41 (1997). It was observed that the human p1103
isoform is expressed in a tissue-restricted fashion. It 1s expressed at high levels in
lymphocytes and lymphoid tissues and has been shown to play a key role in P1 3-
20  kinase-mediated signaling in the immune system (Al-Alwan etl al. JT 178: 2328~
2335 (2007); Okkenhaug et al JI, 177: 5122-5128 (2006); Lee et al. PNAS, 103:
1289-1294 (2006)). P1108 has aiso been shown to be expressed at lower levels in
breast cells, melanocytes and endothelial cells (Vogt et al. Virology, 344: 131-138
(2006) and has since been implicated in conferring selective migratory properties
o5 tq breast cancer cells (Sawyer et al, Cancer Res. 63:1667-1675 (2003)). Details
concerning the P1108 isoform also can be found in U.S. Pat. Nos. 5,858,753,
5,822,910; and 5,985,589, Sec also, Vanhaescbroeck et al., Proc Nat. Acad Sci
USA, 94:4330-5 (1997), and international publication WO 97/46688.
Tn each of the PI3Kaq, B, and & subtypes, the p&5 subunit acts to localize P1
3¢ 3-kinase to the plasma membrane by the interaction of its SH2 domain with
phosphorylated tyrosine residues (present in an appropriate sequence context) in

target proteins (Rameh et al., Cell, 83:821-30 (1995)). Five isoforms of p85 have



phosphorylated tyrosine residues (present in an appropriate sequence context) in target proteins
(Rameh et al., Cell, 83:821-30 (1995)). Five isoforms of p85 have WO
2010/151749()PEC{I}T‘]/ILJ_S[;AE%110/OS9942 A-1478 WO-PCT- 4 - been identified:(a86e0p85Eb34 055y, p55a
and p50a) 3ncoqle(}°byt ree genes. Alternative transcripts of Pik3rl gene encode the p85 a, p55 a and
p50a proteins (Deane and human, Annu.Rev.Immunot. 22: 563-598 (2004)). p85a is ubiquitously
expressed while p850, is primarily found in the brairl and lymphoid 5tissues (Volinia et al., Oncogene,
7:789-93 (1992)&”A%%%37§T8H3f the p85 subunit to the PI 3-kinase p1 10a, [3, or 6 catalytic subunits

appears to be required for the catalytic actiyity and stability of thes zymes ddition, the binding

of Ras proteins B8 (ffsredishieds: Egéﬁrfsgc%&g%ﬁmfi%&é@n?ﬁa%% %ﬁb%ﬁ?%cvggfg% still further

gocr)n p_leX]ity Wi_thi%ﬁé%ll%l%ftﬂa%ﬁ%ﬁﬁt&i (:(Ij.)[(f) mzﬁ@ﬁf(&w@a}fﬁﬁ/@&ﬁm Btienaed 26@@'619@335(1_99)5)3- The p1
y isoform is closely related to p110a.and pi. lop (45- t talytic domain), but as

noted does not M%%@&%@%%é&%%&i‘r%?u DLEJ#SEI.' Iﬁ%%)éégg qgﬁé@ b ngdtl’gt@plol regulatory subunit

that also binds tethgRy:sybtpitssof hetteatiifielietmprdeirsnd iaiploriregd Aewhsitbunit for

Pi3Kgamma wag, 3griainglly. donedin ine rand the byunan orbgdasideniieds subsequenty
(Krugmann et al., 38iol ¢l em, 274:17152-8 (1999)). Interaction between the N-terminaal region of
p101 with the N-sebriiap f&gBNoFpHSY is Khdinfr o G VEESBISRY ﬁgpgﬁgﬁoﬁfyr.e&%{:%ntly, a
p101-homologughashaemnidentifiad, aRdanpdy bikaR:(Bi3knysattaptditiprotbinbdfBrckida) that binds
pl by (Voigt et al, JBC, 20281: 9977-9986(2006), Sui [. Curr.13iol. 15: 566-570 (2005)). p87P1"
is homologous t%ﬁ@%ﬁ%@%‘% lfﬁléelgéﬁt bpﬁﬁ%)qu{a{%%%.cadég‘g d also mediates activation of pllOy
downstream of 0-proteififeoipla réqepfirss IHike T B thss PRIRIARIR RIGRIY Bkpredsed in the heart

i intematioual LB on Wa GG S8, Th publeation flsdlnacs prenaratian, o g chimeric fosion
protein in Whichpéﬁ‘l’@?!%é%ﬁiwlﬁé@lﬁﬁ%qﬂo&H&g%ﬁ%m %@%e%%%ﬁ%&ﬁkﬁ%%ﬁﬂs fused through
a linker region todhariesminumokinotine phils ThepsssisHAHsrianapFEetFid-able to activate
PI3K activity in a manner 30comparable 1a iniagh R KlpRel &l @lnMal GolhRiolr 14:2675-85(1994)).
heterotrimeric G proteins, The pl101 regulatory subunit for PI3K gamma was
15 originaily cloned in swine, and the human ortholog identified subsequently
(Krugmann et al., J Biol Chem, 274: 17152-8 (1999)). Interaction between the N-
terminal region of p101 with the N-terminal region of p110y is known to activate
P13Ky through GBy. Recently, a p101-homologue has been identified, p&4 or
p&77EA (PI3Kry adapter protein of 87 kDa) that binds p110y (Voigt et al. JBC,
20 281: 9977-9986 (2006), Suire et al, Curr.Biol. 15: 566-570 (2005)). p87 A g
homologous to p101 in areas that bind p110y and Gy and also mediates
activation of pl 10y downstream of G-protein-coupled receptors. Unlike pi0 l.,
p8775M is highly expressed in the heart and may be crucial to PI3Ky cardiac
function.
25 A constitutively active PI3K polypeptide is described in international
publication WO 96/25488. This publication discloses preparation of a chimeric
fusion protein in which a 102-residue fragment of p&5 known as the inter-SH2
(iSH2) region is fused through a hinker region to the N-terminus of murine p10.
The p83 iSH2 domain apparently is able fo activate PI3K activity in a manner

30  comparable to intact p85 (Klippel et al., Mol Cell Biol, 14:2675-85 (1994)).



WQ 201Q/151_74QPC'I_'/U82010/039942 A-1478 WO-PCT-5 - Thus, PI 3-kinases can be defined by
their amino acid identity or by their activity. Additional members of this growing gene family include

more .d?stantlﬁ relgtl%(IjTHE)id and protein kinases including Vps34 TOR 1, ppgJQR&®@baaccharomyces
ccrevisiae &{ d1hélF hammalian homologs such as FRAP and mTOR), the 5ataxia telangiectasia

gene product (ATR) and the catalytic subunit of DNA- dependent protein kinase (DNA-PK). See
generally, Hunter, Cgll, 83:1-4(1995). PI 3-kinase is also involved in a number of aspects of
leukocyte activafiott ,&Eg%-%g ociated PI 3-kinase gétivity has been shown to physically associate

with the cytoplasmic domain of CD28, which is an important costimulatory.mol for th
activation of T-cells in Fé%‘ﬁo?l]s% %ﬁﬁﬁéﬁ%gﬁgenseg&ﬁ%ﬁraﬁ%?ggg%‘%%l S?) Z?L%g@)%%udd, ?mmunity,
4:527-34 (1996 )i stivatitiitoi ] oetisithrso{ghi ODOSifwesrs theaiihirishile sy adtiiatibh by antigen and
increases the m?&aﬁ%‘%%QQQ.W&&%%E@&RERJHE@W‘E?@%@@%EH@@M{%@M@linked to

clu

increases in the transcription of a number of genes including interleukin-2 (Il.2 important 15 T cell
growth factor (FW@?&W%é%%@EE@W%ﬂW%?MM&? E@Bi&&@?ﬁﬁ? can no Ion;:r
gltfract V\{Itrg-,rPl %th!ﬁgﬁ%ﬁa!@@@@tégaagﬁﬁiwﬁnﬁadﬂ{ﬁatmlhﬂipmchatzﬂmin sulggesiiighgeritical role for PI
-kinase in T ce activation. Specific inhibitors, against indiyi embearssafafamiyof en
20prowde_mvalu%1€l5)f31f188@ f trc%ec]ilf)ﬁgr@g %‘M‘?c@bﬁ%%%cﬁﬁl%ﬁ%ei fw%sgcgdgn%gggndc@ LYZngT)?)SZ and
wortmannin, have be_eFi’l/\iidéi}ﬂ&d@dlasiP’YCSVRﬁnES@T}HWiIEﬁfd?g?vSPﬁ@é@%@H%‘ﬁﬁﬂﬁ&?H%ﬁ?@ver, are
S Kinases. For e ample o aasinst oach ot 1o various Clacs |1
-ki : ple, the | values of wmUnannin against each.of the vari ass | PI
3-kinases are 255t SHOPEAGRCSOTBPL - gﬁn‘i‘fg}@, e I@@S@%%%%%&%@%ﬁ%%%%gg%mst each of
these PI 3kinases isekalialid (FrumtniereinossnReviBiochesn: §2481e807 ¢0898)): Hence, the
utilty of these copoyids,{n sluding the foles.of inobifualclass! &d-kinasess s imited.

Based on studieS using wortmannin, there is evidence that Pl 3-kinase 30fynction alse is required for

some aspects of (EMOIOyTErsigAAITEh A oY ATt EOSHE P BETESFE (B &S, Proc Natl
Acad Sci USA, 94;4960:66h (1094 prMerepver-dphias berscstitmn shalineil inanmiasgndil Y294002
block WO 2010%2%3&?’195‘1%%% %}Z z? %8141%?%?%0’%6%%}7{: ‘u\c/in%'ﬁl%gié&fn—Z {IL2), an important
15 T cell growth factor (Fraser et al., Science, 251:313-16 (1991)). Mutation of
CD28 such that it can no longer interact with P1 3-kinase leads to a failure to
initiate IL2 production, suggesting a critical role for PI 3-kinase in T cell
activation.
Specific inhibitors against individual members of a family of enzymes
20  provide invaluable tools for deciphering functions of each enzyme. Two
compounds, £Y294002 and wortmannin, have been widely used as PI 3-kinase
inhibitors. These compounds, however, are nonspecific PI3K inhibitors, as they
do not distinguish among the four members of Class T PI 3-kinases. For example,
the ICso values of wortmannin against each of the various Class I P1 3-kinases are
25 in the range of 1-10nM. Similarly, the 1Cs values for LY294002 against each of
these PI 3-kinases is about 1M (Fruman ct al., Ann Rev Biochem, 67:481-507
(1998)). Hence, the utility of these compounds in studying the roles of individual
Class 1 P1 3-kinases is limited.
Based on studies using wortmannin, there is evidence that PT 3-kinase
30  function also is required for some aspects of ieukocyte signaling through G-
protein coupled receptors (Thelen et al., Proc Natl Acad Sci USA, 91:4960-64
(1994)). Moreover, it has been shown that wortmannin and LY294002 block



neutrophil migration and superoxide release. However, inasmuch as these compounds do not
distinguish among the various isofonns of P13K, it remains unclear from these studies which particular
PISK |soformoor '1509{9%03 are involved in these phenomena and what fungtiops,ihg.difigsent Class |
PI3K enzeresQ‘g perflorm in both normal and diseased tissues in general. The co-expression of several
PI3K isoforms in most tissues has confounded efforts to segregate the activities of each enzyme until
recently. The separation of the activities of the various PI3K isozymes has been advanced recently
with the develop%é‘iﬂgo‘fv&e‘ﬁ&%ally manipulated rﬁiéé that 10allowed the study of isoform-specific
knock-out and kinase dead knock-in mice and.the dreye%%)ment oIflarpr%%hs%I c{jgiye inhibitors for some of
the different isofSTPHOPBA TEEREAD HEIOPS RNEEKS i L RV E vEaR jenatated and are both
embryonic lethatangditilés inforondticingesh berokt dinedfromishéseniiE Blrdgardingtitife expression and

function of p110 alpha and beta. (B At &l NATRGERATR: Lk 1R R00)inBbRLAl. J.Biol.Chem.
274:10963-10968 69 )(S More recently, p1 10a kinase dead knock in.mice were generated with a

single point mutatitwin TR OPCAABlPGEHBET P bRREBTEER 1 168083558  that impairs kinasc
activity but preseryestapihkRiXinase-exprassiom [oantrast tmknopckdot nfice, the knockin
approach preserves sj ' omplex stoichiometry, 2 %%ggde tigns apd roimics small molecule
approaches morngngiﬁgg}gﬁoan knoc S_ct)ﬁ1 %?82‘.& Rllar to tée%?%a K(%q mgllcize, p 11 0aD933A
homozygous mieetartembrydnicdsthalntibiwesiéry.heterozygous mice are viable and fertile but display

severely blunted signaling viansilinrecentatisubstraie RS poteins-eysmediaters of insulin,
insulin-like growth factor-1 and leptin action. Defectiv$ Z.Sr%sggnsivene asu;tg tk}lgg%gormones leads to
hyperinsulinaemidY GO 8& TEBISTHRALRS AT pREliS MU EKeE ABIBORIY ahd rédlced overall growth in
hetcrozygotes (Fowkas, @t atuiNadfieyf44i:sBE6R10:¢2006) piTHesestlsdibsnakealatca defined,

non-redundan ol g1 g 1108 as.andnisrmerliate ik sulihanddentimsighaling that s not

substituted for b)?nélther Isoforms. We will have to await the 30description of the pl bop kinase-dead
knock in mice to ifeftirersuP Hietamtinthed PO F0TOMB PAOPTTIESRIAEfo3Yos both

embryonic lethal and little information can be obtained from these mice regarding
the expression and function of p110 alpha and beta (Bi et al. Mamm.Genome,

15 13:169-172 (2002); Bi et al. ] Biol.Chem. 274:10963-10968 (1999)). More
recently, p! 10a kinase dead knock in mice were generated with a single point
mutation in the DFG motif of the ATP binding pocket (p11 00.D°***) that impairs
kinase activity but preserves mutant pi10a kinase expression. In contrast io
knock out mice, the knockin approach preserves signaling complex stoichiometry,

50  scaffold functions and mimics small molecule approaches more realistically than
knock out mice. Similar to the p110¢ KO mice, pl] 005" ** homozygous mice
are embryonic lethal. However, heterozygous mice are viable and fertile but
display severely blunted signaling via insulin-receptor substrate (IRS) proteins,
key mediators of insulin, insulin-like growth factor-1 and leptin action. Defective

25  responsiveness to these hormones leads to hyperinsulinacmia, glucose intolerance,
hyperphagia, increase adiposity and reduced overall growth in heterozygotes
(Foukas, et al. Nature, 441: 366-370 (2006)). These studies revealed a defined,
non-recundant role for p1100; as an intermediate in iGF-1, insulin and leptin
signaling that is not substituted for by other isoforms. We will have to await the

30 description of the p1 10 kinase-dead knock in mice to further understand the



A-1478 WO-PCT- 7 - function of this isoform (mice have been made but not yet published:
Vanhaesebroeck) P 110y knock out and kinase-dead knock in mice have both been generated and

overall show similar and mild phenotypes with primary defects in migrati fthe innate
immune sygf?rﬁoé{mfgﬁefect in thymic development of T cells (Li et al. £§éﬁc§%ﬁ§@§%46-1049

(2000), Sasaki et al. Science, 287: 1040-1046 (2000), Patrucco et al. Cell, 118: 375-387 (2004)).
Similar to p1107, PI3K delta knock out and kinase-dead knock-in mice have been made and are viable
with mild and lik& pr&hS§bBE TThe p1 1050910A 10rmutant knock in mice demonstrated an important
role for delta in B cell development and function, with marginal zone@% C%ll and CDS+ B1 cells nearly
undetectable, antPefioarRf iEdioATRy ER FELEst SIyMAHR SR EhPEP B E xp. Med. 196:753-763
(2002); Okkenhaugiekaibdeignce, 297: 1031-1034 (2002)). The p1 105D91" mice have been studied

extensively and have elu in the im ne system. T cell

cidated 1 5the diverse role .that delta pla nu
dependent and T &l QEQHH ]q%Wﬁ?ﬁhéé&rcggﬁ%#sgs%?gei%%\{/%?é)f)ﬁl P LTS p11051)91GA and

secretion of THI(ENF Tandmit? eydokihtplibndiybes5itreimpeaidde@Kkkentgstitperal. J.Immunol. 177:
5122-5128 Qooééﬁs%f‘l}%m&a&a%ﬁmM@%&cm%?&igaéﬂ;&%& has flsadgaentbr hegndescribed. A

taiwanese boy with a primary B cell 20 immunodeficiency and a gamma-hypoglobulinemia of
previously unknéWrelabtidnsey preven sty W4 hgieSasie Pai g&‘ﬁgﬁ?u?i&? lrﬁ‘%ﬂé)é to A in codon
1021 in exon 24 g 1fanIhissmutation resultedsisradnissense amino acid substitution (E to K) at
codon 1021, which is Igcated in the hi conserved catalytic domain of p1105 protein. The patient
has no other identified THHAHSRE ]Z]é)gr%?%s%ll%i(gﬁ%eo s%%%ghcskllsr{%sﬁf%ﬁ% %nff 5'deficiency in mice as
far as studied. (JaR&tah Hid mrueegeneti3Bnid katke2006) ytsefain-se168tH/E small molecule
compounds have been developed wijth va[}/ri,qr Success to all Class, | P13 Igg\(%ﬁe isoforms (Ito et al. J.
Pharm. Exb%hé%@@hk?%‘%fﬁ%c(% ﬁ?ﬁ.mln‘hl itors 16 a p‘ﬁa are desirable because mutations in 30p1
|Occ have been ittesitified in selmitsolic ttmorgifel wsxatple e amplhifidatisalntrafivn of alpha is

associated with 5096, of avarian, eryiea! linmand hreass: WR 2Q106ha)44QPE171152010/039942
A-1478 WO-PCT- 8 ,
1 ExpMed. 196:753-763 (2002); Okkenhaug et al. Science, 297: 1031-1034

(2002)). The pl 1087°1% mice have been studied extensively and have elucidated

15  the diverse role that delta plays in the immune system. T cell dependent and T cell
independent immune responses are severely attenuated in pl 105777 and
secretion of TH1 (INF-y) and TH2 cytokine (IL-4, 1L-5) are impaired (Okkenhaug
et al. JImmunol. 177: 5122-5128 (2006)). A human patient with a mutation in
p1103 has also recently been described. A taiwanese boy with a primary B celt

20  immunodeficiency and a gamma-hypoglobulinemia of previousty unknown
aetiology presented with a single base-pair substitution, m.3256G to A in codon
1021 in exon 24 of p1108. This mutation resulted in a mis-sense amino acid
substitution (E to K) at codon 1021, which is located in the highly conserved
catalytic domain of p1108 protein. The patient has no other identified mutations

25  and his phenotype is consistent with pl108 deficiency in mice as far as studied.
(Jou et al. Int.J Immunogenet. 33: 361-369 (2006)).

Isoform-selective small molecule compounds have been developed wath
varying success to all Class I PI3 kinase isoforms (Ito et al. 1. Pharm. Exp.
Therapeut., 321:1-8 (2007)). Inhibitors to alpha arc desirable because mutations in

30  pl10c have been identified in several solid tumors; for example, an amplification

mutation of alpha is associated with 50% of ovarian, cervical, lung and breast



cancer and an activation mutation has been described in more than 50% of bowel and 25% of breast
cancers (Hennessy et al. Nature Reviews, 4: 988-1004 (2005)). Yamanouchi has developed a
compound YM-024 that inhibits alpha and delta equipotently and is 8- apgg8Hla selestive over beta
and gammgvf’e%?)}ggﬁ\l/gl{f/ (Ito et al. J.Pharrn.Exp.Therapeut, 321:1-8 (2007)). P11013 is involved in
thrombus formation (Jackson et al. Nature Med. 11: 507-514 (2005)) and small molecule inhibitors
specific for this isofortn are thought after for indication involving clotting disorders (TGX-221: 0.007uM
on beta; 14-fo|d%él‘é@i%%€ngdelta, and more tharr500-fold selective over gamma 10and alpha) (Ito

et al. J.Phaim.Exp.Therapeut, 321:1-8 (2007)). Selective compounds. to pli by esing developed by
several groups ggﬂ%ﬁ%ﬁﬂﬁ&%&ﬁf,}%@%ﬂ@%&%ﬂ@“ ?Br% au éi./‘?%%gd%‘g%imm Y aige et al. Nature

sease (Rueck
Reviews, 5: 903204 8 {2006))::@fcantersABB0624 0 Nséen Bhowwsd bebéfiitetizd83n-a mouse model

of rheumatoid aryritis (Camps gtk Natyre FaMeaising o3 193643 (2008 )0antt i delay onset of
disease inamo%%%é%%%%‘?%ﬁ?therﬁtosis Barber et al. Naturggll\ﬁedicine ]ﬂ. 933-935
; e

. > ( al. N e e, 11
(205)).  Deltacseeavevianbitcr=h o5 HrL Bl G ANE Be PR RO S e [ tive
compoundsdnclygg theguinazelinangpurirke inhibiese7(RIK39 and 1C87114). 1C87 114 inhibits p1108
in the high nanomolar range (triple digjt) and 20has greater than 100-fol lectivity against p1 100c, is
52 fold selective againgtlb%glléi}é"rﬁjﬁf’?%%katg?é’ilggﬁvﬂ%na&gg}hélt‘}%f’%%/eaegb%c?@ I%-fo g)'.flait'shows no
activity against aguy pretednkinasesstestedofknight ebahrCatkci26{or 3857471¢2D086)). Using
delta-selective compaungs %&%ﬁ%&!ﬁsuxl{qa(}iﬂg'ag%f#n@mgo%ﬂsfe@@%@m;)dbm@h@wn that in

addition to playing agkey rdle in B and T cell activation, delta js also‘25partial‘lly involved in neutrophil
migration and prirdledIdditeoistirrassivatsls) iR Sree ket i BISR SF &Hgén-1gE mediated
mast cell degranylatiomCondiffe elrahrBlong, 116432314402 (2008)). Al et al. Nature, 431
1007-1011 (2002)). Hence p1108 is emergin an i ortant edjator of many key inflammatory
responses that are alsoeRHEWHY @%B?H@ﬁ)qa%fégﬁﬁgﬁe%?%&Vﬁgrﬁ?#}t%rsf%%%%ﬁ%uﬁgaiLanIuding but not
limited to autoimmpnecisppsesartaierdyr Tasupport tisasotidnsdierd K- Algwwing body of pll06

target validation - 9 - data deri\ tudies Lsing hpthgenetictoals apepaakmacologic agents.
Thus, using the eﬁ]}%‘?‘s"’g1§¢%\8,é\%%%}nﬁ%§6 'thg}%ﬁ%lﬂ and the p1106D91A mice, All et al. (Nature, 431:

1007-1011 (2002} hawedemerntsrahdidahapiapsla ehtital o 8 M todel of allergic
disease. Inthe aksengeof funstional delis) pagsiye-titaneaus asapbytexiadRCA) is significantly

reduced and can be attributed to a reduction in alle -IgE indugce. tegllAactivation and
degranulation. InSE&ERBSH A B na%fa%iﬁﬁ Wi eﬁé{%g%fgu has %égﬁé%%%vﬁof%%ﬁggntly ameliorate

inflammation and diseaBelin-schauirinanmodetdfasthined esirty wvasuieienthdddédaifay inflammation

(Lee et al. FASEB, 20; 455:465 (2000). Ibgse, data liiliziogaampayptonaraicoyrahorated in
p1108D910A mutant mice using the same model of allergic airway inflammat'igré@%a%d'fferent group
f

(Nashed et al. EUC3 TiMulol 374 180ipls p2odyy the bi epe LPRERHTH ‘haracterization
of PI3K8 fupgtion,in inflammatomn Ragd AUQIRMUNeS, $6{ingse urthepmome. aure updesstanding of
P13K8 reqm%?es fu?t%ée}r elaboration of the structurgaﬁfinteractions of p1108, both

p110p but lacks selectivity against p1 10y (approx. &-fold). It shows no actrvity

against any protein kinascs tested (Knight et al. Cell, 125: 733-747 (2006)}. Using
SDQNJA

delta-selective compounds or genetically manipulated mice (p110 ) it was

shown that in addition to playing a key role in B and T cell activation, deita is also
25  partially involved in neutrophil migration and primed neutrophil respiratory burst
and leads to a partial block of antigen-IgE mediated mast celi degranulation
(Condliffe et al. Blood, 106: 1432-1440 (2005); Ali et al. Nature, 431: 1007-1011
(2002)). Hence p1104 is emerging as an important mediator of many key
inflammatory responses that are also known to participate in aberrant
30  inflammatory conditions, including but not limited to autoimmune disease and

allergy. To support this notion, there is a growing body of p1104 target validation



with its regulatory subunit and with other proteins in the cell. There also remains a need for more
potent and selective or specific inhibitors of PI3K delta, in order to avoid potential toxicology
associated with activity on isozynies p110 alpha (insulin signaling) and beta (platelet activation). In
particular, selective or specific inhibitors of PI3K8 are desirable for exploring the role of this isozyme
further and for development of superior pharmaceuticals to modulate the activity of the isozyme.
Summary 9a In afirst aspect, the present inverien is directed to a compound having the
structure: OT any pharmaceutically-acceptable Bah thereof, wherein: X3 is C(R113) or N; X2 is C or

N; X3is Cor N; %&%M&g 86318k ﬁhiﬁ@iﬁﬁi@e@bteatsbtmdfp)@me@?b@iah@% are C; is N(e), 0 or

S:nis0,1,2or3; 12.1 is a direct-bonded, Csaal 0 @gmo%%@%go linked or
0-linked saturate@h%@émupﬁféﬂ%?ﬁﬁggffﬁgw - or r%gr?% éred monocycie or 8-, 9-, 10- or

11-membmed blgygjlqmmgom@lmmaouZ’?ﬂ)@})@awmwem‘@d fhend a2 @181I2S, but containing no

more tiaan one 0 or.S at m, substltuted %ﬂ% d%lé? stityenis.ndepepeantivsiied from halo, Csa,
shnloalk, cyano, ﬁ?ﬁ?&a 4 - (%[ -C( NinliRaRE, . -0C %)@R%

-0C(1)1,11elt, oca@sﬂ)@dem)&@ymmm w&éﬁm@\@%@@? walifepilygpayced and o
“S(ED)2R" -S()2N(R ICA3 g{)ﬁz]:dug&})gMlﬁ)g}éeg)@;‘éfm&ce@ﬂ%(&ém)ﬁﬁ%ﬂwBﬂi NrT, -N(12)CQ)r,
-N(Ita)C()Ole, -N 1\IRER4, -N(Ra) }%NM%’E&ETJ N%Pﬂ?éSQ %Af’has “%1' @m%%lg le,
-NR,C24alkNrir amﬁa@%éﬁc?é‘ijéﬁ%é’?@ 98 A AISHIE Earbon atoms of the ring are additionally
substituted by O, %%Ef?cﬁl Y afdlioxadgidipsmaln 2R Hisselectetitfonmadd 4t 8isalk, Cihaloa
cyano, niro, ORN AN R RENRI (e .« B52R
-S(=0)2NRar, -SEBERY )1&‘(‘ ‘B‘§f’ Ra)C(---0)0R2 | o
(2006). These data utilizing compound were corroborated in p1103 mutant
mice using the same model of allergic airway inflammation by a different group
(Nashed et al. Bur.J.Jmmunol. 37:416-424 (2007)).
There exists a need for further characterization of PI3K8 function n
inflammatory and zuto-immune settings. Furthermore, our understanding of
PI3K.G requires further elaboration of the structural interactions of p1108, both
with its regulatory subunit and with other proteins in the cell. There also remams a
need for more potent and selective or specific inhibitors of PI3K delte, mn order o
avoid poiential toxicology associated with activity on isozymes p110 alpha
(insulin signaling) and beta (platelet activation). In particular, selective ot specific
inhibitors of PI3K® are desirable for exploring the role of this isozyme further and
for development of superior pharmaceuticals to modulate the activity of the
| 180ZyIme.

Sommary



-3())2N(Ra)C. C=0)NRaRE; RS is selected from H. halo, nitro, cyano, 014k, OCI_Aalk,
0C1,4haloalk, NaC1l4alk, N(C14a112)Cialk or Ci4aloalic; Rh s, independently, in each inst2nret,
halo, nitro, cyano, cj4a 0C1.4a112, 0C1.4haloallt, NHCwalk, N(C1-4alk)2-aalk, Ci ihRloalk or an
unsaturated 5-, 6- or 7-membered monocyclic ring containing 0, 1, 2, 3 or 4 atoms selected from N,
and S, but containing no more than one 0 or S, subs tuted by 0, 1,2 or 3 substituents selected from
halo, Ciail Ci-shaloanc, -DC1-4alh, -NH2, -NHCI-4allf% -N(C1.4alk)Q41q Rs is, independently, in each
instance, H, halo, ClI Galk 01 ilisloalk, or, C1..6alk substltuted by 1,2 or 3 substitu.ents selected from
halo, cyano, OH, Ina rs@@%\%lé’elﬂﬁie%ﬁﬁﬁmﬂ%ds ﬂ%é‘fﬁéi%@iﬂ%&ﬁ VBgHPRS groups
together form a §z6spirealic substituted by 0, 1, 2 or 3 substituents selected from halo, cyan, OH,
0014211Ci.313aloalk, OCl4alk, NE12,G1 4alk, N(Cialk)01-4117, R5 is H, halo, NERs or OH; - R7 is
selected from H, halo, C il,Rloall cyand, nitro, -C(=0)Ra, -C(=0)NRble, -C(=lift.ft)NR,RE, -ORE,
-0C,(=0)Ra, -0C(<3)NR'Ita, -0C(=0)N(} )2Ra, -0C2.6alkNRar, -002.6alk0r,-S(---0)12", o
-S(=0)21ith, -S(-0)2NRir, -S(---O)ZNJ(EQ;() a, -S(3)2N(R..).0(=3)ORE, -3(=0)21S(Ra)C(=0)Nna, Naar

%0

-N(Ra)C(=0)RE, -N(r)C(=0)0ORE, -N NRaRE, -N(Ra)C(=NR")NR.ar, -N(Rh)SK)2Ra,
-N(Ra)S(="0)2Nre,-NleC2-;p1kOré&nd whereln the Ci_salk is substituted by 0, 1 2 or 3
substituents selected from halo, Ci...ehal RB)Ra -C(*0)011a, -C(=0)Nrila,
QQ;ZRa -0C2aRE, -002.6allcOr,-S(0)1e,
-S(= O)211h S(---0)2N(Ra)C( O)Re, S(<))2M‘{’R5 (3)01 ", -3G)2{Rf{Ra)C(=0)NRERt, -NRaRa, =
Q}dj (---NR")Nrka -N(Ra)S(= O)ZRE

Rﬁ |

or any pna:macﬂuh"aﬂy-accﬂptanle salt thereof, whersin:
15 C(Rm) orN;
- X 8 CorN;
P sCoN; | |

#mCmN_ ' - o

%* 35 C or N; whersin aﬂ"asttwo can2 X2, X and X are C

Yis N(R’f) Oas;

nis 0,1,20r3; .

Rlisa dlrcct-bond..d, Cyaalk-Iinked, 0C, oaik-hnked, o ochO-hnked or

C-linked saturated, partially-saturated or msaturated 5-, €~ or 7-membered
~monocyelic or &, 8-, 10-or 11-membered bicyclic ring containing 0, 1,2, 3 or 4
atoms selected from N, O and 8, but containing no more than onz O or S atom,
substituted by 0, 1, 2 or 3 substiments independently selectsd from halo, Cygalk,
 Crubeloalk, cyano, nifro, -C{=O)R, -C(=C)OR, -C(=OINR'R’, -C(=NR*NR'R",

-OR?, -DC(=0)R®, -OC(=0)NR'R', -OC(=0MNEIS(=0}R", 00l NRR,
~OC,lkOR®, -SR”, -SEO)R’, S=0)R®, -S(=0);NRR, -S=0)NR)C(=O)R,
-S(=0RNERC(=0)OR", -S(=0RNRC=0)NR"R?, NE'R’, NERIC(=O)R",
-NERHC=DOR, -NEHC=0WERTR", ~N(Ra)C(=NR_”)NR"R”, -NER"SE=ORR?,
NEISEORNRER, -NR*Cr.aaliNRR” and -NR*C,.c2kOR®, wherein the
available carbon atoms of fhe Ting are additionally substitatad by 0, 1 or 2 ‘c;;;o or
thioxo groups;



* 90 -N(r)S(=0)2NRT, -NrC24alklaaR? and -NRaC24alk-ORa, and the Calk is additionally substituted
by 0 or 1 sainted, partially-saturated or unsaturated 5-, 6- or 7-membered monocyciie rings containing
0, 1, 2, 3 or 4 atoms selected from N, 0 and S, but containing no more than one 0 or S, wherein the
available carbon atoms of the ring are substituted by 0, 1 or 2 oxo or nitomo scoups, wherein the ring
~is substituted by 0, 1, 2 or 3 substituents independently selected from halo, nitro, cyan, Ci",ialit, OCall

- 0C1 NHCIl-ealk, N(Ci4alk)C1_4alk and ,Thaloallg or R7 and le together form a -C=N- bridge wherein
_ the carbon atom is substituted by a, halo, cyano, or a saturated, partially-saturated or unsaturated 5-,
6- or 7-membered monocyclic ring containing 0, 1, 2, 3 or 4 atoms selected from N, 0 and S, but
containing no more than one,0or S, wherein the available carbon atoms of the ring are substituted by

0, 1 or 2 oxo or thioxo grouBsM@]@ﬁé@rﬁﬂﬁ@%héqSC@lﬂﬁht@tebhm oy, oo, OBABSRRENts selected
from bale, Ci.6alk, Clg4= LyoR: , Ra)NleR, -or,
R S0R T ot Bk GRS 28

-0C(=0)1r, -00()NRB =0)N( 2Ra 00%6a11 R", -SOR.a,.
_S(=0)2r, -S(-—--0)2NR M Ng(%ﬁ%@‘ oINS 8 ﬁkﬁ%dﬁ%ﬁf@kﬂiz -3(<))2N(Ra)C(=0)NR.T,
_-NM", -N(Ra)C(= O)st(wﬁgmmmwa%a)q O)NRaIe -1d(Ra)C(---NRa)blithRa, -N(R5S(=0)2Ra,
-Ncir. S(--O)72NRT -NrC2.6adkN]| C24IcORa oL R7 an tQ ether form a -N=C- bridgs
wherein the carbon atom |s6%*u%st%%% %\ﬁao cf4a8’f éF&a@ tﬁf’iﬁ RT -C(=D)Ra,

-C(=0)0r, -C(= 0)N|RTN$1@(MM)§(@)RE;®@&@)3MRT RE is H or Cl4alk RO is II, Ci.,6alic or -

C1 1haloalk4 Rl is H, halo, fi;3alk-Gana %%éﬁcﬁﬁ% egted. fro alk, C bRioalk,
“cyano, nitro, -C(=0)1r -C( 0)6§z (O)NF?a%a C(=NRIBI\T Ij:f]i“*f)%( Z‘Le“’OC(I)NRIe

_OP(r-0)N(Ra)S(=D)elel l@@@%ﬁ@%ﬂ%}‘] %@%&%@;@@@&W(&r@)@mu

(fl((RD))CZ(NZ(fSO)Ig - O)Nl(r fﬁéﬁ@)ﬁéﬁN bRa, -N N hj(llieel(? IQQR SKl'F}C‘Jlt%QéT “N(1 )ds\l((Roa;)z?\l(g:?a |

-N(Rt a, a, ale a a r a

-NRC:_ealknaRE andf g!g%gﬁwgﬁ@ Iﬁg&o@ai% g%éﬁﬁfﬁ? dh Iné@ikee, H or RI', and

“Rbis mdependently, ammmmmf;mm Benlkyl Or -G 6ak - Uive plveny, bepayl and C1.6alk being

- substituted by 0, 1, 2, @:ﬁmgj its selected from halo, Ci. aplic,-NEL, -NHCialalk, ‘
In con

-N(C1.4alk)C1.4alk. aspect, the present invention is directed to the use of a compound '
of the present invention in tIIi"e i QeGP RABCREGERTR tolcrSatifiy Ghéslowrdtoid arthritis,

ankyloSin.g spondylitig, 9&%@@&&%@»@@@9%&%@%&%@%@%@ grygiseases and | -
- autoimmune dlseases i?lhéﬁﬁfé%v der inflammator 8¥€ isorders, mflammatory or
unstable bladder diso PHE: in tW@:‘@ﬁi{b @h@k%%%%flammatory
conditions, automamewhdiégas@smﬁmmaﬁMM'

e e, o S g %ndé‘éi%n%;?%%%?r &é‘éﬂﬁ%@gﬁa@ﬁkﬁ aa‘ﬁ?l%%é%’.i”é‘éﬁﬁ.ﬁ;“;?and
hypersensitivity. NEICy2lke, N(Cranlk)Crpll
' - _ R® is H, halo, NHR® or OH; o
- R is sclected from 5, halo, Cy shaloalk, cyano, nitro, -C(=0)R®,
L(=0)OR®, -CEOINRR’, -C=ENRYNRRY, -OR®, -0C(=0)R®, -OC[=0INRR?,
'-DC(~O)N(R‘)S(=G}2R* “OCaINR™R?, -OCy.calkOR", -SR*, -S(=0)R®,
-S(=0)R?, -S(=O)NRER, -S(=01NR“C(=0)R", ~St’uO);N(R")"‘(=D}OR‘
_. S(=0)NERHT=0INRR’, NRR?, NER" YOOI, -N(R‘)C(=D)OR“
| NERYCEONRE, NR)CENRINRRS, NRYSEO)ES,
N(R! )S{—O}ZNR”'R“? -NR*Cy.6aliNR*R ®, -NR*Cy.5alkOR® and C; ¢elk, wherein the
Crgalk ic substituted by 0, 1 2 or 3 substituents selected from halo, Cy_shaloalk,
cyano, nitro, “C(=0)R?, -C(=0)OR’, ~C(=D)NR'R", -C(=NRINR'R", -OK".
-OC{FO)R®, -OCFOINRR?, -OCFOYNR)S(=0),R", -OC;.alkNR*R",
“OC;.62IkOR”, -8R, -5(=0)R", -5(=0}2R", -S(=0)NR'R, -S(=0pNER)C=OIRY,
S(=0RNER"CE=0IOR?, -S(=0RNRMCEONRR®, -NRE®, NR:C(=0)R?,
NEICEO)OR', NRIHCEOWRE”, -NR"YCENRINRR?, -NRHSE0RR,




* In a'third aspect, the present invention is directed to the use of a compound according to the present
invention in the manufacture of a medicament for treating cancers, which are mediated, dependent on
or associated with p1108 activity.  In a fourth aspect, the present invention is directed to a
pharmaceutical composition comprising a compound according to the present invention and a
pharmaceutically- acceptable diluent or carrier. Also described herein is a new class of compounds
having the general formula X5- -X2 R2X'Y R5R R5vL4 (R4), R1X5 R11 - 10 - which are useful to
inhibit the biological activity of human PI31(8. Another example described herein refers to compounds
that inhibit PI3KS selectively while having relatively lowdnhibitory. potency against the other PI3K ‘
isoforms. Another example described herein refers to methods of characterizing the function of human

‘PI3K6. Another examm@%@m@erwﬁmh%ﬁ%le 0§f3 %n human P13K8

activity, and thereby promoting medical treatment of diseases me |a ygfunctron Other

examples and advantZOUERHPHEREREA PE S8 e Hieng patisln- W&SJM@I ormm&dlﬁm the art.
Detailed Description @neaammﬁm@mvamtwedﬁs%r@aqpmoy&%%%@&ébc@a%&?t“re Xe Xg

X7 R2XIY R3RS . 191%20 and §, but containing no more than one O or S, whereln the aveilable cm‘bon
atoms of the 7i > Ting are substituted ‘by 0, 1 or2 oxo or thioxo groups, wherein the
ring & substimted by 0,'1, 2 or 3 ﬂubsﬁ'tunn‘rs independently select=d from halo,
nitro, cyane, Cr4alk, OC,4alk, OCshaloalk NHCMaIk, N(Cy.2lic)Cy4alk and

Cy4haloalk; or R and R? together form & -C=N- bridge whereir the carbo atom
. s substitrted by B halo, cyano or 2 seturated, partmlry-sammt,d or unsaturatad
56~ or T-membered monosyclic fing. containing 0, 1,2, 3 or 4 atoms selected -

. from N, O &nd S, but containing ﬁo mors fhan one O or S, wherem the evailable

carbon atoms of the ring are’ substm:tmd by G, I or 2 oxo or thioxo groups, wharem
 fhering is substituted by 0, 1, 2, 3 or 4 substituents selectzd from balo, Cy.alk, -
Csbaloslk, cyano, nitro, CE=OWR, -C¢ O)OR -C(=0)NRR?, -Q"NR‘)NR e,
-OR%, —OC(—O}R -OC(FOINRR, -OC(“O)N(R IS(=0)1R", -OC.. ATKNRR®,

" 20C,.¢alkOR?, -SR?, -S(=0)R?, -S(=0),R%, -S(=0RNRR?, -SEORNR*CE=0IR?,
-SEORNRICEO)OR, -S(=0RNR*)CE=0NRE?, NR'R?, -NER)C(=O)R,

. NRICEO)OR, NER*)CEOINRRS, NERHCENRINRR, NRIS(=0LR,
NRISEOENRE, -NR'Co.calklNR'R® and -NR*C.@IkOR or R and R®

g *togefier form & -N=C- bridge wherein the carbon stom is substituted by H. halo,

- Crgalic, Cygheloalk, cyanc, nitro, OR®, NR*R?, -C(=D)R?, -C=0)0R",

(“(Z))l‘sIR“REL L= NR""}NR ¢ S(~~C))RE -S=ORRE, -SﬁO}oNR“R“
R s Hor Cretlls
- R’ is H, Cy.qailk or Cyshaloelc; _
© R'Ss H, haic, Cy.salie, C.shaloalk or Cyano;
R' 45 pelected from halo, Cp.salk, Cyahaloalk, cyane, nitre, ~C(=0)R’,

. ~C(-O)OR" -C=0NRR?, ~C{=NRNRR?, -OR?, -OC(=0RE, -OC(=0MNRR?,
DCE=0NERIS=0)RE, -OC:. @LNR®R®, -0C;.calcOR?, -SR”, -S(=O)R",
-S(=0)R", -S(=0)NRR", -S(=O}N(RMC(=0R’, SEORNR*C(=0OR?,
SO RENEROE0INRR’, NRR’, -NRDCE=0)R', NRC(=0)0R?,
NE)CEONRR, -NER)CENEINRE®, NRYS=0RR?,
—N(R")S(EO)QNR“R‘, -NR*C2.e2lkNE"R” and -NR*C,.alkOR™

-



X3 R5xi 4 RIX5*- R4)n R11 or any pharmaceutically-acceptable salt thereof, wherein: X1 is C(RI) or N;
X2is Cor N; X3is Cor N; X4 is C or N; X5 is C or N; wherein at least two of X2, X3, X4 and X5 are C;
X6 is C(R6) or N; X7 is C(R7) or N; X8 is C(1216) or N; wherein no more than two of X', X6, X7 and X8
are N; Yis N(R8),0o0r S; nis 0, 1,2 or 3; Rl is a direct-bonded, Ci_alk-linked, 0C1_2alk-linked,

. C1_2alkO-linked, N(W)-linked or O-linked saturated, partially-saturated or unsaturated 5-, 6- or
7-membered monocyclic or 8-, 9-, 10- or 11-membetgd bicyclic ring containing 0,

 R'is independently, at cach instance, ¥ or R and
R" is independently, at sach instance, phenyl, be nzyi or Cy.qalk, the

phcnyl, benzyl and C,.¢alk being substituted by 0, 1, 2, or 3 substituents selected
from halo, C,.alk, C;shaloalk, -OC, alk, -NH,, -NHC, ,alk, ~N(C1.4&}k)ci_qalk

" In asecond aspect, the present invention is directed to the use of a
compound of the present invention in the manufacture of a medicament for

(o treating rhenmatoid arfhritis, ankylosing spondylitis, osteoarthritis, psoriatic arfhritis,

psoriasis, inflammatory diseases and ‘autoimmunq diseases, inflammatory bowsl disorders,
inflarmatory eye disorders, inflammatory or uns%abi;e bladder disorders, sidn complaints with
inflammatory comboncﬁts, chronic iﬁﬂémmatory conditléns autoimmune diseases,
systematic lupu; erythematosis (SLE), myestenia gravis, rhcumatozd arthnms acute
disseminated encepbalomye:ht:s idiopathic Tbrombocytopcmc purpura, multlpxes sclc:rosm

Sjoegren’s syndrome and autoimmune hcmolytlc anemia, allerg:c conditions and -

hypersensitivity.

In a third aspect, the present invention is directed to the use of a compound
according to the present invention in the manufacture of a medicament for treating

cancers, \@fhich are mediated, dependent on or associated with p1108 activity.

In a fourth aspect, the present invention is directed to a pharmaceutical
composition comprising a compound according to the present invention and a

pharmaceutically-acceptable diluent or carrier.



WO 2010/151740PCT/US2010/039942 A-1478 WO-PCT-11- 1,2,3 or 4 atoms selected from N, O and
S, but containing no more than one 0 or S atom, substituted by 0, 1, 2 or 3 substitucnts independently
selected from halo, C14haloalk, cyano, nitro. -C(=0)Ra, -C(-0)0Ra, -C(=0)NRaRb, -C(=NRa)NRale, .
-ORa, -0C(---20)Ra, -0C(=0)Nna, -OC(=0)N(Ra)S(2=0)2Ra, 5-0C2..6alkNaa, -0C2_6alkOle, -SRa,
-S(=0)12a, -S(=0)2Ra, -S(=0)2NRaRb, -S(=0)2N(R5C(=0)Ra, -S(=0)2N(Ra)C(-0)0ORa,
-S(=0)2N(Ra)C(-0)NRaRa, -NRV, -N(R8)C(---0)Ra, 9q(Ra)C(=0)0Ra, -NcRa)C(-0)NRale,
-N(Ra)C(=NRINRate, -N(Ra)S(-0)2Ra, -N(le)S(=0)2NRaRa, -NR,C2,6alkNaa and -NR"C2_6alkORa,
wherein the available csidsotestthes bfthie fingrare dosdelitomamisusdbsainsdty@nerar 2 oxo or thioxo
groups, and Wh?ﬁﬂ%}l he ring is additionally substituted by 0 or 1 directly bonded, SO2 linked, C(=0)
linked or CH2 lin group selected from phenyl pyridyl, pyrimidyl, morpholino, piperazinyl, piperidinyl,
cyclopentyl and cyclohexyl all of which é{ur;her substituted by 0, 1, 2 or 3 independent Rb groups;
15R2 is selected from H, halo, Ci_oalk, C1_4haloalk, cyano, nitro, OR', Wit% -C(=0)Ra, -C(-O)0R,
-C(=0)NRV, -C(=NRa)NRafe, -S(-=0 -S(3Q)212", -S(=0)2NRalr, -S(-0)2N(Ra)C(=0)Ra,
-S(=0)2N(R5C(=0)0R" and -S(=0)N(Ra)&(=0)NRaRa; R3 is selected from H, halo, nitro.
cyano, Cl4alk, OCIlAalk, 0C1,4haloalk, 20I}£g—|C 4alk, N(Cha ®%alk and CI_Lthaloalk; R4 is,
independently, in each instance, halo, nitro, cyano;Chia #lx?OCIAhaloalk NHChalk,
N(C14alk)C14alk, CiAhaloalk or an unsaturate&’-, - - or 7 embéfe((ﬂ‘hpnocycllc ring containing 0O, 1,
2, 3 or 4 atoms selected from N, 0 and S, but ¢ ' ¢ ¥1an one 0 or S, the ring being
substituted by 0, 1, 252 or 3 substituents selected from |halo, CiAalk, C13haloalk, -0C1..4alk, -NH2,
-NHCI..4alk and -N(CiAalk)CiAalk; R5 is, independentlg!'in each instance, H, halo, Ci..6alk,
C1_4haloalk, or Ci_oalk substituted by 1, 2 or 3 substituents selected from halo, eyano, OH, OCIAalk,
Cl4alk, Clhaloalk, OCiAalk, NH2, NHC1_4alk and N(C14alk)C1_4alk; 30or both R5 groups together
form a C3_6spiroalk substituted by 0, 1, 2 or 3 substituents selected from halo, cyano, OH, OC1lalk,
ClAalk, C13haloalk, OC [_ 4alk, NH2, NHC14alk and N(C1_4alk)Ci_alk;




WO 2010/151740PCT/US2010/039942 A-1478 WO-PCT- 12 - R9 is selected from halo, cyano,
OH, 0C1.4alk, C14alk, C3,3haloalk, OC 4alk, NHR9, N(C2.4a1k)C1,4allt, -C(2-20)0Ra,
-C(-0)NTRa)Ra, -N(Ra)C(=0)R8 and a 5- or 6-membered saturated or partially saturated heterocyclic
ring containing 1, 2 or 3 heteroatoms selected from N, 0 and S, wherein the ring is substituted by 0, 1,
52 or 3 substituents selected from halo, cyano, OH, pxo0, OC2.4alk, Ci_4alk, C1- 3haloalk, OC1_4alk,
NH2, NHCIAalk and N(C1_4a11k)C1 4alk; R7 is selected from H, halo, C1_4haloalk, cyano, nitro,
-C(O)R, -C(-0)01e, -C(-0)NRaRa, -C(=NRa)NRaRa, -OR', -0C(--0)Ra, -0C(---C)Nna,
-0C(-0)N(Ra)S(20)oRere-me! mailNnethedtRagifetiei oot igpan FHEK & chathe) oREPIS (=0)2NRaRa,
-S(=0)2N(R7 C(-@RaheSz0 NIR (S 2R) ARatha5 (FENANRIG(=mMRaR WMRRa(Ra)C(---0)Ra,
-N(128)C(=0)0Ra, -N C(=DINRaRa, -N(Ra)C(=NRa)N -N(Ra)S(=-0)2Ra, -N(R")S(=-0)2NRate,
NRaC2. Gk e NS BRI ek e o e ble, 0 T or s
substituents seléeteiberbbrreiafsiesiosrrifednoibastrising haomrone{2owrd 38 {-0)NRaRa,
-C(t--Nle)NRaRaniRaex e QHsaibddBise 03 nan R )N Riay b= 2Ral aftgdnaatkNaa,
-0C2_6alkOR", -§R%-S(-0)2119, -S(50)2Nna,.-S(= C(= b2 2(8=0)2: 7P)ORa,
-S(:-0)2N(Ra)c§=§-%§gﬁé‘é’t‘?§’, Ef‘l’\i’ﬁfbeﬁ(e%?)-‘f\ﬁ?% i ﬂ%’(‘g%@é%r\%‘é%}g(%303%%59%%5) %%%%am,
-N(Ra)C(=NR")NR&RSLoN (RS cxpyres 200 adypREsS  20) 2% Feafdly Mpesesd g ANy Ing
-NRaC226alkORadiang thiet Gihé&alk is additionally substituted by 0 or 1 saturated, partially-saturated or
unsaturated 5-, B—egrj- mber%%]rponocyclic rings containing 0, 1, 2, 3 or 4 atoms selected from N, O

i . . )
and S, but cont groTore one 0 or S, wherein the available carbon atoms of the ring are

substituted by 0, 1 or 2(erepattiokthgrovpstinheiaipstiecRBginit SalstrthedByOuE:; 2 or 3
substituents independently selected from,kalo, nitro, cyano, C1_4alk, 0C1,4alk, 0CI-4haloalk,
NHC14alk, N(C1,4alk)C144allc and Gahaloaik; or R7 and R8 together form a bridge wherein the
carbon atom is substituted by H, halo, cyanﬁ;\a saturated, partially-saturated or unsaturated 5-, 6- or
7-membered monocyclic ring contairing),4; 2.3 or 4 atoms selected 30from N, 0 and S. but
containing no more than one 0 or S, wherein thejavailable carbon atoms of the ring are substituted by
0, 1 or 2 oxo or thioxo groups, wherein the rit¥g- é} 1, 2, 3 or 4 substituents selected
from halo, C1_6alk, WO 2010/151740PCT/U A-12#8 WO-PCT- 13 - Cidhaloalk, cyano,
nitro,-C(----0)Ra, -C(-0)0Ra, -C(=0)NRaRa, -C a, oﬂ@&-—)ﬂ))Ra, -0Ce=0)NRaRa,
-0C(-0)N(Ra)St=0)2Ra, -0C2_6alkNaa, -0C2_6#&!1 OR& sRa;»8(=0)Ra, -S(=0)2Ra, -S(=0)2NR,Ra,
-S(-0)2N(Ra)C(----0)Ra, -S(--20)2N(Ra)Ce=0)0Ra,-S(=0)2N(W)Ce---0)NRaRa, NRaRL,
-N(Ra)C(=0)Ra, R
or any pharmaceutically-acceptable salt thereof, wherein:

X' is C(R') or N;

X is CorN;

X*is Cor N:

X*is Cor N;

X is C or N; wherein at least two of X2, X3, X* and X° are C;

X%1s C(R®) or N;

X"is CR") or N;

X8 is C(Rm) or N; wherein no more than two of X', X°, X’ and X® are N;

Y is N(R®), O or S;

nis0,1,20r3;

R! is a direct-bonded, C,4alk-linked, OC.;alk-linked, C;»alkO-linked,

N(R™-linked or O-linked saturated, partially-saturated or unsaturated 5-, 6- or

7-membered monocyclic or 8-, 9-, 10- or 11-membered bicyclic ring containing 0,



5 -N(Ra)C(-0)0Ra, -N(Ra)C(---0)NRaRa, -N(Ra)C(=NRa)NRaRa, -N(Ra)S(=0)2Ra,
-N(Ra)S(=0)2NRaRa, -NRaC2.6alkNRale and -NRaC2_6alkORa; or R7 and R9 together form a -N-C-

bridge whegein the carhon atom is substituted by H, halo, Cholk, C1_4haior j
NRaRa, -&RE%%R]afl-C(:O)ORa, -C(=0)NRV, -C(=NR11)NRaRa, -S(=6)R§, -stgizg)ﬁg? :z)?frso(’-(%;’\lRaR"'
10Rs is H, Cl _6alk, C(=0)N(R")Ra, C(=0)Rh or CiAhaloalk, R9 is H, C1_6alk or C1_4haloalk; R1 is irll
each instance H h@ilﬂgi %3@&,]@ Cl3haloalk or cyang; 1211 is selected from H, halo, C1_6alk
C14ha1_oalk, cyénb, tro,"-Ce=0)Ra, -C(=0)NRaRa, -C(=NRa)NRaRa, -OR", -OC(:O)Ra_, -OCé:O)Nna,
15 0C - ONRYS(=0PRa, 002 A NRERac 062 SRR3R SC AR B0 2R,
-S(=0)2NR8Ra, -S(= 5N(‘§’é’3&?= a, -S(=0)2N(Ra)C(0)0Ra, -S(=0)2N(Ra)C(=0)NRaRa, -NRaRa
-N(Ra)C(=0)Ra,S AR )T 0h0RED Y R RE) G2 OYRFARAIS I} @éﬁﬁfﬁﬁé%ﬁ%@a)S(:d)ZRa, '
:H(RRTaZ)SéZ(RZSI\(I) ?%%ﬂkéﬁgég?ﬁ%w%@‘ :[g;@@@ga@dkoma;maozﬂﬁﬁn‘kcozRa, 20

— M T 2" LA 10 — ; = 11
_CH20Ra, -CH286€Y &%3-%Hﬁ(%“é&ga%é@éﬁmﬁwﬁ%isﬁﬁz égTENRW
CrincamkcR, ol otsoR S OB
- = QACEFORas CHRENNRIG (0 HEECHZSFRANOE(0IRalr, -C
25 -CHzN(Ra)C(-(f)%?ﬁﬁ?N@&%%ﬁ%ﬁ%@@ )C (-0 @FS I,d?-@cHzN(Ra?é(:Ngil)\ﬁSii{
_CH2N(Ra)S(-0) 2R CRIgRI el &pu8)oF %}Q@ﬁﬁaﬁﬁ%ﬁﬁ -g-lZNRaCZ 6al1cORa, ’
'-CdH2NRaC2_6a;k~l;@@@B@RE}H12ﬁtRaﬂ@{jWH@QBRbN{RHQ(R@)zmﬁ),l—MR%a@_%W(RS Re; Rais
ey o el anEBy ghBl RS Brenendeniv igRchigaiance pheny, benylor
C1_6alk, the phBYT, Bernzit and 1 Balk being substituted by 0, 1, 2 or 3 substituents selected WO
2010/151740PCTIGIS01 3/0889A2A 14 P8 MO PETer AT GHP Haio I A S RBRIRE BH, -0Ch4alk,

-NH2, -NHC1_,lalkangsN(CiAalldCiARls @nddirecily bonded, SO, linked, C(=0) liked or
CH, linked group selected from phenyl, pyridyl, pyrimidyl, morpholino,
piperazinyl, piperidinyl, cyclopentyl and cyclohexyi all of which are further
substituted by 0, 1, 2 or 3 independent R® groups;

is R2 is selected from H, halo, Ci.alk, C shaloalk, cyano, nitro, OR®, NR'R®,
LC(=0IRE, -C(=0)OR", -C(=O)NR'RY, [C(=NRMNRR?, -S{(=0)R", -S(=0)R",
S(=0LNR'R?, -S(=0)RNRC(=0)R%, -§(=0)N(RHC=O)OR" and
-S(=0)NRMHC(=O)NRRY
R? is selected from I, hale, nitro, cyano, Cigalk, OCy4alk, OC, shaloalk,
20  NHC, 4alk, N(C;_4alk)Cy salk and Cihaloalk;

R* is, independently, in each instance, halo, nitro, cyano, Ciaalk, OCiaalk,
0C,shaloalk, NHC, salk, N(Cy.5alk)Cy.4alk, Crshaloalk or an unsaturated 5-, 6- or
7-membered monocyclic ring containing 0, 1, 2, 3 or 4 atoms selected from N, O
and S, but containing no more than one O or S, the ring being substituted by 0, 1,

25 2 or 3 substituents selccted from halo, Cysalk, Cshaloalk, -OC; salk, -NH;,
SNHCualk and -N(C1.4alk)Cysalk;

R is, independently, in each mstance, H, halo, Ciealk, C,_shaloalk, or
Cyalk substituted by 1, 2 or 3 substituents selected from halo, cyano, OH,
0C,4alk, Cialk, C; shaloalk, OC; salk, NH,, NHC_salk and N(C 4alk)}Cysalk;

30  or both R® groups together form a Csspiroalk substituted by 0, 1,2 or 3
substituents selected from halo, cyano, OH, OC,salk, C4alk, Cishaloalk, OC;.
qalk, NH,, NHC;salk and N(C\_salk)C raalks



121 is a saturated or partially-saturated 4-, 5- or 6-membered ring containing 1, 2 or 3 heteroatoms
selected from N, 0 and S, the ring being 5substituted by 0, 1, 2 or 3 substituents selected from halo,

Ch4a|!<, C Qa7 QCIAalk, -NH2, -NHCIAalk and -N(C14allOCi_4alk:-Aonoiheraspect of the
invention relates to compounds having the structure X X8,781x8 R" or any

pharmaceutically-acceptable salt thereof, h cm: 10X1 is C(1210) or N; X2 is C or N; X3is C or N; X4 is

Cor N; X5is C ar N;_ wherej qt least two of X2, X3,,X4 and X5 are C; 16X6 is C(126) or N; X7 i
A _ . L 10 ) y f S
C(R7) or N; X8 %é{&%‘i}\%{g ;' Wherein no more thanzi(wo of X1, X6, X7 and X8 are N; nis 0, 1,2 or 3;

12lisa direCt-bondedR@gS'sg%% e-c!ti rf‘r%%idhgl)cg,: Q%ﬁ%:l@ﬁ,e M}gﬁ,]é‘94':ii@!<€gghaloaik, OC,.
Jalk, NHR?, N(Craalk)Caatk, -C(=0)OR®, -C(=0)N(RR", NRMCE=OR" and a
5- or 6-membered saturated or partially saturated heterocyclic ring containing 1, 2
or 3 heteroatoms selected from N, O and S, wherein the ring is substituted by 0,1,
5 2 or 3 substituents selected from halo, cyano, OH, oxo, OCqalk, Cysalk, Cy.
shaloalk, OCy_salk, NHz, NHC 4alk and N(C;..alk)Cy salk;
R’ is selected from H, halo, C;.4haloalk, cyano, nitro, -C(=OR",
-C(=0)OR?, -C(=0NRR?, -C(=NR*NR'R", -OR®, -OC(=MR®, -OC(=0)NR'R’,
LOC(=0)N(RHS(=0),R?, -OC,6alkNRR", -0C,.6alkOR?, -SR*, -S(=O0R",

10 -S(=0)R% -S(=0)LNR'R’, S(=0)RNRHCEFORY, -S(=0)NRHC(=0)YOR,
_S(=0)NRHC(=O)NRRY, -NR'R", -N (RHCEOIRS, -NRHC(=O)ORY,
-N(RHC(=OINR'RY, -IN( RHC(=NRHYNRRY, -N(RMS(=0)R,
N(RHS(=0)RNRR, NRC,.alkNR'R?, -NR*C, 4alkOR" and Cigalk, wherein the
C.calk is substituted by 0, 1 2 or 3 substituents setected from halo, Cishaloalk,

15  cyano, nitro, -C(=0)R", -C(=0)OR", -C(=0NRR?, -C(=NR"NR'R’, -OR’,
-OC(=0)R?, -OCFEONRR?, -OC(=0)N (RS(=0)R", -OCy6alkNR'R?,
-0C,.4alkOR?, -SR?, -S(=0)R*, -S(=O)R", -S(=0)NR'R", -S(=0),NRHC(=0)R",
-S(=0)N(RHC(=0)ORT, SS(=0RN(RHCEO)NRR?, -NR'RY, NRHC(=0)RY,
N(RHC(=0)0OR", -NRHC(=0)NR'R?, NERHCENRYNRRY, -NRHS(=0RRY,

20 -N(RYS(=0)RNRR?, -NRCzsalkNR'R" and ~NR*C alkOR?, and the Cjealk is
additionally substituted by 0 or 1 saturated, partially-saturated or unsaturated 5-,
6- or 7-membered monocyelic rings containing 0, 1, 2, 3 or 4 atoms selected from
N, O and S, but containing no more than one O or S, wherein the available carbon
atoms of the ring are substituted by 0, 1 or 2 oxo or thioxe groups, wherein the

25  ring is substituted by 0, 1, 2 or 3 substituents independently selected from halo,
nitro, cyano, Cr.aalk, OC salk, OC_shaloalk, NHC_salk, N(C,.salk)C, 4alk and
Chaloalic; or R” and R® together form a -C=N- bridge wherein the carbon atom
is substituted by H, halo, cyano, or & saturated, partially-saturated or unsaturated
5., 6- or 7-membered monocyclic ring containing 0, 1, 2, 3 or 4 atoms selected

30  from N, O and S, but containing no more than one O or S, wherein the available
carbon atoms of the ring are substituted by 0, 1 or 2 oxo or thioxo groups, wherein

the ring is substituted by 0, 1,2, 3 or 4 substituents selected from halo, Cygalk,



20N(128)-linked or O-linked saturated, partially-saturated or unsaturated 5-, 6- or 7-membered
monocyclic or 8-, 9-, 10- or 11-membered bicyclic ring containing 0, 1, 2, 3 or 4 atoms selected from N,

0 and S, byt coptainingno more than one 0 or S atom, substituted by 0,#:2/0828 1Bubstitvients
independently selected from halo, C1.6alk. C14haloalk, cyano, nitro, -C(=0)1S81, -C(=0)0128,

-C(=0)NR8128, WO 2010/151740PCT/U S2010/039942 A-1478 WO-PCT- 15 - -C(=Nle)NRaRa,

-OR", -0C(--=0)1r, -0C(= e, -0C(r=0)N(Ra)S(jx-0)2Ra, -0C2..6a1kNRale,
-ocz_aa|k0Ra,%&%%Q‘é?&%)ma, -S(-—-0)2NRaRA. -5(=0)2N(R)C(=0)Ra, -S(=0)2N(Ra)C(=0)0Ra,

-S(=0)2N(R5C(-0)Nna, -NRaRa, -N(RS5C(-0)Ra, 1 =0)QRanMNRatc(-=NRRR® 5
-N(Ra)C(=N Ra)ﬁ% g‘%%{\‘?“e‘}@(—&%%ﬁag&\l ajsd(‘i%)@ﬁgél)e&i? gg‘iézﬁ Ga(lgli Ragg and
_NRaC2_6alkORARVHeFNINE afilatsieNEambon s D RN FitY Are SHdiehAR Substituted by 0, 1
o ket G oo oo Tk O, TrEnolie,
Opiperaziny’l, pipe WN%@%@@F%@E&E@@)@E%@@%@@%& urtl e%% s:?tl)(tsnlggtﬁute’éj by 0,1, 2 c;r 3
independent Rb oraips:-RIGRE ST (réNR "Raldy B D61 VB IRaloatk!(ByansOitto, ORa, NRalr,

-C(=0)1e, -c(0)O 'R‘ié(%f}@m@(éﬁﬁ@%ﬁﬁf@ﬁﬂa@ﬁ&ﬁh@)&@ﬁ“;&‘ﬁ)ﬁwe1
-S(=0)2N(Ra)C(= SR , -S(:ZO)ZN(FQa C(-0)0Ra and 15-S(---0 2N§Rat§:g’f\r(]) N&al ; 1R3 is selected
from H, halo, nittegepantreadikCoridaa K eses tHa R0 NS (5 (iRS {E._&(ﬁj‘c.‘}i‘ﬁn and
Ct4haloalk; R4 sikindependantyain aaeb, OBanERAAIGHB, cf4n0)Calk, OChtalk,

OCi_thaloalk, NHCI Cttalk)C, talk, Ci.th Kﬁ}@ﬂ pAgatdraigthorsR* or 207-membered
monocyclic ring Cé:{ﬂéﬁg%b‘%’ T@,@%?’ﬁ%m%g@é rqjmzN, 0 ar@d , but containing no more than
one 0 or Sithe ring beiR§ isibdtitatdd 6G-0NRIRS S(HIWRuHts <6t from halo, C14alk,

C1_3haloalk, -OCi_taIkR-SI\]glﬁ; NH&hnatk apdaMN(Ci_talk)Ci_talk; RS is, independently, in each

instance, H, halo, Cislk, Ci thaloalk, or 25Chfalk substitut |, 2 or 3 substituents selected from
halo, cyano, OH .'Rgﬁin eac mstance%, ﬂalo, 1_3aﬁ<, &q&%}da%{ or cyang,

R ig selected from H, halo, Cy_galk, Ci4baloalk, cyano, nitro, -C(=O)R?,
[C(=0)OR", -C(=CNR"R", -C(=NR"NR'R’, -ORY, -OC(=OR?, -OC{=ONR'R’,

15  -OCEOINRH)S(=OLRY, -OC, calkNRRY, -0C,6aikOR?, -SR?, -S(=0)R",
-S(=0L,R?, -S(=0)NR'R’, -S(=0}NR*C( =0)R?, -8(=0),N(R"HC(=0)OR",
“S(=0),NRHC(=OINRR', -NR*R?, NRHC(=OR", -N(R"C(=0)OR’,
NRHC(=0INRRY, -NRHC(=NRINRR, N(RMS(=0),R?,
N(R®S(=0),NRR?, -NR'Cy.salkNR"R", NRAC, 6alkOR®, -NR*Cysalk CORY,

50 NRCoealkSOsRY, -CHC(=ORY, -CH.C(=0)0R?, -CHC(=ONR'RY,
-CH,C(=NR®NR'R®, -CH,0R", -CH,0C(=0)R", -CH,OC(=0)NR'R",
-CH,OCE=0N(RYS(=0)RY, -CH20C, salkKNR'RY, -CH,0C 2.5alkOR", -CH,SR”,
-CH2S(=0)R", -CH,8(=0)R", -CH,S(=0),NRR", -CH,S(=0RN(RHCEOIRY,
-CH,S(=01NRMCHEOIOR, ~CH,S(=0)N(ROC(EOINRRY, -CHNRRY,

25 CHN(RHCEOR?, -CHN(RDC(=0)ORY, -CHoN(RHC(=0)NRR,
-CHN(RHC(=NR*NR'R", -CH,NR)S(=0)R", -CHN(RHS(=0),NR'R”,
-CH,NRC,calkNR'R?, -CHaNRCy.6alkOR”, -CH;NR*C24alkCO-R,
{CH,NR®C,.62kSO,R®, -CH,RS, -C(=0)R° and -C(=0N{RMR;

R® is independently, at each instance, H or R

30 R’ is independently, at each instance, phenyl, benzyl or C;salk, the

phenyl, benzyl and C;salk being substituted by 0, 1, 2 or 3 substituents sclected



Chtalk, CI_thaloalk, OCl4allt, NH2, NHCi_talk and N(Ci_4alk)Cl4alk; or both R5 groups together form
a C3_6spiroalk substituted by 0, 1, 2 or 3 substituents selected from halo, cyano, OH, OCiAalk, Chtalk,
Cl,3haloa|k£§)CIgf %NHZ’ NHCIl4alk and N(CiAalk)ClAalk; 30R6 is selgsteghinabalg, cyano, OH,
OC1.4alk, & aﬁ?}@i’ faloalk, Cl_talk, NHR9, N(Ci_talk)CiAalk, -C(-0)0Ra, -O=0)N(1211e,
-1\1(12a)C(---0)Rb and a 5- or 6-membered saturated or partially saturated heterocyclic ring
containing 1, 2 WO 2010/151740PCT/US2010/039942 A-1478 WO-PCT- 16 - or 3 heteroatoms
selected from N%léﬂ%‘g%%Tein the ring is substittited by 0, I, 2 or 3 substituents selected from halo,

cyano, OH, oxo, 0C1 ,4alk, C1 %ﬁ i, 3haloalk, IAalk, NH2. | i_aalk and N(Ci_4alk)C1_4alk;
R7 is selected fr%?ﬁ‘ll}f‘h’afgi'ﬁﬁi %%&5%@%%@6?‘& ’(E%ﬁ?é,%ﬁgﬁ%?‘o%, -C(=O)NRaRa,
-C(=NRa)NWR8MNOR:2HOC(2=8) Ra] -0C(=0)NRale, -0C(-0)N(128)S(=0)2Ra, -0C2_6alkNRaRa,
_g%)_gsl(l;e%%? -os))gF'i -§(st?&§5%%§§% gbba) F:zgégtg} 'NRElef"zdésé :79% %N)éc%(a)&({)g(gg a’N(RSC( 0)o1l
-S(- = a, -S(= a)C(-- a,- .8, -N(Ra)C(---- , - = a,
-N(Ra)C(zO)NR&Rﬁ?WPé)@?E&I(ﬂ?@' SRS SENEE ST ORA2 ‘blgN A2 2NR8128,
-NR8C2.6alkNRERBa&HNR&CH_16alkORatane:&ils Gadkiedtienainadoe(Giadik (s substituted by 0, 1 2 or 3
substituents selected from.halo,.C1.4haloalk, 0, pitro. -€(=0)12", -C(=0)0Ra, -C(=0)NR aRa,
-C(=NRa)NRaRé,8-8C‘)¢?‘I, 200 éo;@i‘%@@%}%%@f%@&%(Ra)s,(=o)z_Ra, -0C2_6alkNaa,
-0C2.6alkORa, -SR', -S\e0fRaauSE 0f 2 Rai I SHONIRRERE, Copeo PN Reyjes iy Brcige
-S(=0)2N(Ra)C(=-0)0Ra, -S(=0)2N(R&)C(=0)NRaRa, -NRaRa, -N(Ra)C(=0)Ra, -N(R8)C(2-0)0Ra,
-N(R7C(=0)Nlefe, -N(R8)C(=NRaﬁNﬁ,R@}XN(Ra)SQ:O)ZRa, -N(Ra)S(-0)2NRalla,
-NRaC2_6alkNRaRa and -NR8C2.6alkORa, and the Cho& is additionally substituted by O or 1
saturated, partially-saturated or turatgd 5-, 6- or 7-membered monocyclic rings containing 0, 1, 2,
3 or 4 atoms selected from 2N, 0 angt'’S, but'gantaining no more than one 0 or S, wherein the
available carbon atoms of the ring are substituted by 0, 1 or 2 oxo okthioxo groups, wherein the ring is
substituted by 0, 1, 2 or 3 substituents indé ntly cted fraf/halo, nitro, cyano, C1_4alk,
OCl4alk, OC1_4haloalk, NHC malk, N(C1_4alk)Ci#alk a iAhdio#tk; or R7 and R8 together form
abridge wherein the carbon atom 2 5is substfited Iyhalo, cyano, orgsatiftated, partially-saturated or
unsaturated 5-, 6- or 7-membered monocyclic rin taipg 1, 228 or 4 atoms selected from N, 0
and S, but containing no more than one 0 or SRWhereintthe avaiféble carbon atoms of the ring are
substituted by 0, 1 or 2 ox0 or thioxo groups, wherein the ring is substituted by 0, 1, 2, 3 or 4
substituents selected from halo, C1.6alk, 30ClAhaloalkRtyano, nitro, -C(0)R", -C('0)0Ra,
-C(=0)NRaRa, -G(=hRMNRaRaDR «cQENRA: HE4F0INNesir0C(=-20)N(R8)S(-0)2Ra,
-0C2,6alkNRale, -0C2,6alkORa;+sSR.,;-S(=0)Ra, -S(=0)2R8, -S(=0)2NRalla, -S(=0)2N(Ra)C(=0)Ra,
WO 2010/151740PCT/ 22 0}53@&2 A-1478 WO-PCT- 17 -

X 1sCorN;

X is Cor N;

X*is CorN;

X% is C or N: wherein at least two of X7, X*, X* and X’ are C;
15 X is C(R® or N,

X is CRYor N,

X? is C(Rm) or N; wherein no more than two of X', X% X7 and X* are N;

nisQ, ,2o0r3;
R is a direct-bonded, Calk-linked, OC qalk-linked, C;2alkO-linked,
20 N(R%-linked or O-linked saturated, partially-saturated or unsaturated 5-, 6- or
7-membered monocyclic or 8-, 9-, 10- or 1 1-membered bicyclic ring containing 0,
1, 2.3 or 4 atoms selected from N, O and S, but containing no more than one O or
S atom, substituted by 0, 1, 2 or 3 substituents independently selected from hale,
Cpgalk, Cishaloalk, cyano, nitro, -C(=0)R?, -C(=0)OR”, -C(=0)NR'R’,



-S(=0)2N(Ra)C(-0)0Ra, -S(=0)2N(Ra)C(=0)NRaRa, NRaRa-N(Ra)C(=0)Ra, -N(Ra)C(=0)0Ra,
-N(R")C(=0)NRalta, -N(R7C(=NRa)NRaRa, -N(Ra)S(=0)2Ra, -N(Ra)S(=0)2NRaRa,

-NRaC2 6a1(Ij<NR€% %pd -NRaC2_salkORa; or R7 and R9 together folig-gN5x&sdaslge wherein the
carbon atom Is substituted by H, halo, 5C16alk, C1_4haloalk, cyano, nitro, OR, NRaRa,-C(=0)0Ra,
-C(=0)NRaR3, -C(=NRa)NRale, -S(=0)Ra, -S(-0)2Ra or -Se=0)2NRaRa; R9 is H, Ci_salk or
Chahaloalk; Rl is in each instance H, halo, C1,3alk, C1 3haloalk or cyano; R1' is selected from H,
halo, Chalk, CiAhaibHIKVEAlo, nltro -C(-0)Ra, 10-C(=0)011a. -C(=0)NTRaRa, -C(=NRI)N1RaRa,

-01e, -0C(- O)Ra 0%‘}2 @R égo Eé)(%%{iga-ﬁ) _a&ﬁ( ,,-,- C%GalkORS -Sir,

-S(=0)Ra, (---0)2N(R8)C(=

-S(- 0)2N(Ra)0(@mﬁmmmf&(ameﬂf@a -$RABC (SOTORE , ~NTR —%)»NRaRa
-N(Ra)C(= NRa)l\gzaa(% SieRZNRaRan Riaca patkiRaRs,
-NRaC2_6alkORa, ‘NR g g; i %@%ﬁﬁgﬁsama}ﬁ% ( 1:)@—((E:))FgmCHZC(---O)Ole
_CH2C(-—-0)NRaRY RCH%&WR%}ERaﬁQ B ST ORE CHZOCe 0)NRaRa,
-CH200g= O)N(Ram@m)mﬂlzocmaaw@egﬁtmqms(@a)mﬁa -ORIGRAKNIHRS(=0)Ra,
R, D PR CHRSL 0N a0 GHASIRIZN(RIC(-0)0R,

-CH2S(= O)2N(R na, -CH2N(Ra)C(---0)Ra, -CH2N(Ra)Ce=0)0R4,
-CH2N(Ra)C(= oammdly@mmmuﬁmﬁwwam@mﬂ?ﬁ%%&(ﬂGj%fzan B4HI¥(Ra)S(=0)2NNa,
-CH2NRa02_6aliyaila @g@NB&QQd_ﬁﬁkb(QRadu&kﬂ%Hﬁa&QS@lkﬂ&@ZB&OGMRbR&CZ_(Sa%OZRb,
-CH2R", -C(0O)R and C( )N(Ra Ra is independ nIy at eac n% q H or Rb; Rb is

|
mdependently, arBalRASRSEALR! S)fjlﬁgiﬁglfl‘f31<'énr1pzy(fm @&naﬁ( gnyffl and Ci_salk being
substitutectioy 0 pap@aamalspﬂp@mmemscseﬁeme@lfmdpmd@m}@w @TC@H@I&M@@IOH -OClAalk,

-NH2, -NHC14alk and -N¢ gf@"f)@e;a? Ikuang BORRrIg @ saturated or partially-saturated 4-, 5- or
6-membered rlng contal ing 1, 2 or 3 heteroatoms s ected rng N, 0 and S, r(]lg R@lng e

2010/151740PCT/U82@106799@9@@ fonuHehle Ptk g <haloalk, cyano, i,
-C(=O)RY, -C(=0)OR?, -C(=ONR'R", CNRINRR®, S(=O)R’, -S(-O):R",

-§(=0),NR'R?, -S(=0pNRHC(=0)R?, -S(=0)N(RHC(=0)OR" and
15 -SEORNRYHC(=OINRRY
R’ is selected from H, halo, nitro, cyano, Cyalk, OCyqalk, OC,shaloalk,
NHC;alk, N(Cj4alk)C;alk and C;.shaloali
R%is, independently, in each instance, halo, nitro, cyano, Ci4atk, OCpaalk,
O, shaloalk, NHC; salk, N(Ci4alk)C; 4alk, C shaloalk or an unsaturated 5-, 6- or
20 7-membered monocyelic ring containing 0, 1, 2, 3 or 4 atoms selected from N, O
and S, but containing no more than one O or S, the ring ’{5emg substituted by 0, 1,
7 or 3 substituents selected from halo, Cy.aalk, Ci shaloalk, -OCalk, -NHa,
NHC _salk and -N{C; 4alk)Cqalk;
R’ s, independently, in each instance, H, helo, Cysalk, Cyshaloalk, or
25  Crealk substituted by 1, 2 or 3 substituents selected from halo, cyano, OH,
OC; alk, Ciaalk, Cyshaloalk, OC;alk, NHy, NHC salk and N{C42lk)C1 4alk;
or both R® groups together form a Cs.sspiroalk substituted by 0, 1, 2 or 3
substituents selected from halo, cyano, OH, OC .4alk, Caalk, Cyshaloaik, OC,.
salk, NH,, NHC | 4alk and N(C1_4alk)Cyalk;
30 R® is selected from halo, cyano, OH, OC;4alk, Cyaalk, C, shaleatk, OC;.
satk, NHR®, N(C4ali)Cyaik, -C(=0)OR?, -C(=O0N(R"R?, —I\E(Ra)C(:O')Rb and a

5. or 6-membered saturated or partially saturated heterocyclic ring containing 1, 2



substituted by 0, 1, 2 or 3 substituents selected from halo, C1_4alk, -OClAatk, -NH2, -NHC | -4alk and
-N(C14alk)C Another aspect of the invention relates to compounds having the structure R6 R" 5or any

pharmace&%&aibé-‘ﬁ]%z&table ;alt thereof, wherein: Xl is C(R10) or N; X3 Sp@nNjex84s C or N; X4 is
C or N; 10X5'1S C or N; wherein at least two of X2, X3, X4 and X5areC;nis0,1,20or3;Rlisa

direct-bonded, C1.,4alk-linked, 0C1_2alk-linked, N(Ra)-linked or O-linked saturated, partially-saturated

or unsaturated 5-, 6- or 7-membered monocyclic or, 8-, 9-, 10-or 11-membered bicyclic ri ini
, or 8-, 9-, yclic ring containin
0, blf'tl’tzc’jiogéléﬁyﬁgv 'I%(cc%(lajd fromN,O0Oand S, | (%t containing no more than one 0 or S atom )
substituted by 0, gﬁor 3 substituents inde ently selected;fram halg,GdGalk,Gl4haloalk c
' st ’ S8ls 1.hRlgak L4t , Cyano,
nitro, -C(-0)12.3%%¢ -Eﬁrﬁﬁg‘ﬁ?’l?c?(a:%‘j‘ﬁég}?r%{i |c‘¥{1a,-oc:(=0)123, -50&?03Na -OC)(@(l))N(r)S(:O)ZRB
-0C2_6alkNa, -DG236alkditucBR aslsseddionseo) 2rmo. SHoNRER P, oh '

shaloalk, OCsalk, NHy, NHC,salk and N(C4atk)Ciaalk,
R is selected from H, halo, Cy_shaloalk, cyano, nitro, -C(=0)R",

5  -C{=0)OR", -C(=0)NR'R’, -C(=NR*NR'R?, -OR?, -OC(=O)R", -OC{=0)NR"R",
-OC(=0INRHS(=0)R", -0C,alkNR'R?, -OC4.6alkOR?, -SR”, -S(=0)R",
-§(=0)R", -S(=0),NRR, S(=0RNRHCEORY, ~S(=0RNRHC(=0)OR?,
S(=0)NRHC(=O)NRR?, -NRR’, NERHCEORS, -NRHCE=OIOR?,
N(RHCEOINRR?, NRHYCENRYNRRY, -N(RHS(=03R’,

10 NERYHS(EORNR'R', -NRC)alkNR'RY, -NRC,.4alkOR® and C,ealk, wherein the
C,.6alk is substituted by 0, 1 2 or 3 substituents selected from halo, C;shaloall,
cyano, nitro, -C(=0)R’, -C(=0)0R", -C(=0)NR'R?, -C(=NR*NRR’, -OR’,
OCEORY, -OC(=0)NR*R", OCEOMNERMNS(=0NRR?, -0C,.6alkNRR,
“0C,..alkOR®, -SR*, -S(=0)R?, -S(=0);R", -§( =0),NR'R?, -S(=0)NRHCEOIRS,

15 -S(=0RNRHC(EO)OR?, -§(=0),N(R")C(=0)NR'R*, -NR'R’, NERHCEOR',
NERYHCE=O)ORY, NRHC(=0)NR'RY, NERHCENRINRRY, -N(R)S(=0)R",
N(RHS(FO)RNR'RY, NRCalk NR*R® and -NR*C2.salkOR”, and the Cyqalk i3
additionally substituted by 0 or 1 saturated, partially-saturated or unsaturated 5-,

l»fialka N

6- or 7-membered monocyclic rings containing 0, 1, 2, 3 or 4 atoms selected from

20 N, O and S, but containing no more than one O or S, wherein the available carbon
atoms of the ring are substituted by 0, 1 or 2 oxo or thioxe groups, wherein the
ring is substituted by 0, 1, 2 or 3 substituents independently selected from halo,
nitro, cyane, Ciaalk, OCyaalk, OC_shaloalk, NHC | salk, N(C,.+alk)C;4alk and
C,<haloalk; or R” and R® together form a -C=N- bridge wherein the carbon atom

25 is substituted by H, halo, cyano, or a saturated, partially-saturated or unsaturated
5., 6- or 7-membered monocyclic ring containing 0, 1, 2. 3 or 4 atoms sclected
from N, O and S, but containing no more than one O or S, wherein the available
carbon atoms of the ring are substituted by 0, 1 or 2 oxo or thioxo groups, wherein
the ring is substituted by 0, 1,2, 3 or 4 substituents selected from halo, Csalk,

30 Cpshaloalk, cyano, nitro, -C{=0)R", -C(=0)OR", -C{(=O)NRR?®, -C(=NR"NRR’,
-OR?, -OC(=0)R", -OC(=0)NR'R’, OCEOIN(RHS(=0);RY, -0C;.calkNR'RY,
-0C, 4alkOR?, -SR”, -S(=0)R?, -S(=ORR", S(=0)NR°R?, -S(=0),NRHICEDRY,



20-S(=0)2N(121)C(=0)W, -S(---0)2N(R3)C(=-0)0R", -S(=-0)2N(R3)C(=0)NR3Ra, -NRaRa,
-N(R3)C(=0)Ra, -N(Ra)C(=0)0Ra, -N(R5C(=0)NR3R3 , -N(P,")C(=NR")Na", -N(1e)S(=0)2R3,

-N(Ie)S(--O%‘1 % @ER%%Z -,alkNa WO 2010/151740PCT/US2010/039942 ¥wuiAi88¢@PCT- 19 - and
-NR4C2_6a ?( ?l herein the available carbon atoms of the ring are additionally substituted by 0, 1

or 2 oxo or thioxo groups, and wherein the ring is additionally substituted by O or 1 directly bonded,
SO2 linked, C(=0) linked or CIEZ linked group selecf;gd from phenyl, pyridYI, pyrimidyl, morpholino,
Spiperazinyl, plpfér ff%/l 8/& entyl and cyclohexyl all of which are further substituted by 0, 1, 2 or 3

dependent Rh ddf il Cinhajoall ORa, N
I-nC(ecF>))e@|'!n4 enC( oygéﬁgic&%@ﬁ?{g %@fﬁ&aﬁ 55?’( o?l{?al -S 0)2|% 4, t(gaop)ZNF?"sza
(a
-S(=0)2N(Ra)C (AR SBORNIRBITEN PR Bnd N &- g{@’Uﬁ MRAC %Nﬁ@[ﬁ&f{ R5 is selected

from H, halo, nitrg, Nﬁq{k,_@@@@%@@%ﬁ@@l&@l@mmgﬁ@w NI _a4dlRfCh4alk and

Chahaloalk Zﬁls mdependentl In each instance, halo, nitro, ¢ alk,
OCl.4haloalk, NHEBaSK, TGP g ou é‘ﬁ%ea%ﬁg%%% GG A bugé é? %ﬁe% orl'# ig%qzo?nembered

k 6f an' Unsatura
monocyclic Hng ComMaINNgRidaR, Sondmiton3RiesBIRd HorNRD HFS Mt containing no more than

one0or S, theri b uﬁ;ﬁg 2 3substitugnts selecteg firmhalo, COalk,
C1_3haloalk, -0C ?@Iﬂ%}ﬁ; %%\(} n?g}iiéand ﬁ{@l 4a1%%1 0.1k; R5 is, independently, in each
instance, H, halo, C1_ %ﬂk%@%ﬁbl@%@é “Bilopki_oalk substituted by 1,2 or 3 substituents selected
from halo, cyano, OH, R‘%Qi‘x‘é@l}ﬁ, z@&m?d%&lpaﬁquQMICthZoNH@AaMand N(Ci_01k)Ci aalk; or

both R5 groups together}folnl Qétlt b okl E&Sm't tsygelected from
halo, cyano, OH, OCiaalk, iR aldlgﬁf lﬁ‘i% RN LAaIk andlﬁ a;lOCOaIk

10 -C(=O)OR, -C(—O)NR“ ~(,(-NR‘1)NR R®, JOR®, ~OC(—O)R -0C(=0)
OCEOWNRYS(=0)RE, -0Co. @INRR?, -0C.6alkOR?, -SR”, -S(=01R",
-S(=0)R, -S(=0)NR'R?, -S(=O0)NR HC(=0IRY, -S(=0)LNER*C(=0)OR’,
-S(=0),N(RC(=0)NRR?, -NRR?, -N(R’ “NC=OIRY, -NRHC(=0)OR?,
NRYHC(E=OINRRY, NRDHCENRYNRR?, -NRDS(F0RR,

15 -N(RYHS(=O)NR'R', -NR*C;alkNRR?, NR*C, alkOR?, -NR*C; calkCO2R,
“NR*C; 6alkSO:R®, -CH,C(=0)RY, -CH,C(=0)OR", -CH;C(=ONRRY,
-CH.C(=NRNR'R?, -CH,OR?, -CHOC(=O)R’, -CH,OC(=0)NR'R’,
-CHOCEOIN(R)S(=0RRY, -CH,0C,.5alkNR®RY, -CH;0C, 6alkOR", -CH,SR®,
-CH,S(=0)R", -CH,S(=0)R", -CH,S(=0)NR'RY, -CHoS(=0RN(RMC(=0)R",

20 -CH,SEORN(RHC{=0)OR?, CHLS(=OLNRHC(=0INRR?, -CHNR'R",
CHN(RHC(=OIR?, -CHNRHC(=0)OR?, -CHoNRHC(=0)NR'R?,
-CHN(RHC(=NR"NR'R, CHNRHS(=O),R?, -CHNRHS(=O0RNR'RY,
-CHaNR*C calkNRR?, -CHNR*Cz6alkOR”, -CHNRCy salkCO,RY,
SCHONRYC 6alkSO5RP, -CHR', -C(=0)R® and -C(=O)N(R"R";

25 R" is independently, at cach instance, H or R”;

R" is independently, at each instance, phenyl, benzyl or C¢alk, the
phenyl, benzyl and C; galk being substituted by 0, 1, 2 or 3 substituents selected
from halo, Ciaalk, C; shaloalk, -OH, -OC; salk, -NH;, -NHC,.zalk and
N(Calk)C 4alk; and

30 RE is a saturated or partially-saturated 4-, 5- or 6-membered ring

containing 1, 2 or 3 heteroatoms seiected from N, O and S, the ring being



25R6 is H, halo, NHR9 or OH, cyano, 0C0alk, C2.4alk, -C(-0)0OR4, -C(=0)N(Ra)Ra or R7 is selected
from H, halo, CiAhaloalk, cyano, nitro, -C(---0)124, -C(-0)0R4, -C(=0)NRaRa, -C(=NRa)NRaRa, -OR, -
OC(:O)Ra%, 2990 =Q)NRaRa, -0C(--=0)N(Ra)S(=0)2R4, -0C2..6alkNR#¢24;sAc21:682KO0R3, -SR',
S(=0)Ra, YO-LIUEIRY s (=0)2NRaRa. -S(—0)2N(Ra)C(=0)Ra. -S(=0)2N(Ra)C( =0 )0 Ra.
-S(=0)2N(R4)C(-0)NR4R4, -NR4R4, -N(R5C(-0)124, -N(R4)C(=0)0Ra, -N(Ra)C(=0)NRaRa,
-N(Ra)C(= NRa)NRaRa -N(Ra)S(=0)212% WO 2010/151740PCT/US2010/039942 A-1478
WO-PCT- 20--I‘4’(1R3§Y§ 63213 ar, -NRaC2_6alkNRaRa, NRaCZ 6alkORa and C1s1k, wherein the
Chsalk is substitu ed 1 tyents se Tdhalo no, nitro, -C(-0)W,
-C(=0)012a, -C(H)R 9%7( éﬂe)N 5“%%{3“%(% %‘3 F%m C(—-O0jNR Cca%b %(L)‘(%% %%Yﬁ(Rl)S( -0)21e,
-0C2..salkNRaR&)G-Q:02 - -Halx@ﬂﬁc&ma ax@(b?ﬁeadéaib)@iliz -S(-0)2Nna, -S(=0)2N(Ra)C(=0)Ra,
-S(-0)2N(Ra)0(= 0)0RaA;%@ﬁQl)%%B@QQ(@QW&%B&G&N&&B@enhi@ﬁd(;h(ar@}l@'ihd\&(ﬁaﬁ@é 0)ORa,
-N(Ra)C(=0)NRaRa, -N(10C(=N a)NRaRa MR") S(-0)212% -N(Ra)S(=0)2NRaR"
-NR1C2_6all(NRaRa and -NRaC2 alkOll a, and the C16alk is additionally substituted by 0 or 1
saturated, partially-saturated or unsafurated 5-, ,106- or 7- membered monocyclic rings containing 0, 1,
2, 3 or 4 atoms selected from N, 0 a#v b 80nta|n|ng no more than one 0 or S, wherein the

partially-saturated or unsaturated 5-, 6- or 7-membered monocycllc I‘Iﬂg contalnlng 0, 1 2 3or4
atoms selected from N, 0 and S, but conkdining
atoms of the ring are substituted by 0, 1 or 2 fhioxo groups, A Fe in 20the ring is substituted by
0, 1, 2, 3 or 4 substituents selected from hal®°Ci_gdlk, C1_4haloalk, (®fitxo, -C(=0)Ra, -C(=0)01e,
-C(=0)NRaRa, -C(=1\11e)Naa, -ORa, -0C(-0)Ra, -04 IR}, -00(z@)%{(Ra)S(=0)2Ra, -0C2_salkNaa,
-0C2_5alkORa, -SR% -S(-0)Ra, -S(=0)212a, +5(=0)2NReRa, -S(=0)2N(Ra)C(-0)Ra,
-S(--0)2N(Ra)C(=0)0R3, -S(=0)2N(Ra)C(=.0)NRaRa, NrRa,-N(Ra)C(=0)Ra, 25 -N(Ra )C(n=0)0Ra,
-N(Ra)C(=0)NRale, -N(Ra)C(=NRa)NRaR3, -N(Ra)S(=@)2Ra , -N(le)S(---0)2N1212a,

-NRaC2_. 6aIIcNRaRa a NleC2 GalkORa r R7 to r form a -N=C- bridge wherein the
carbon atonris sGb&HHR ﬁr%ycﬁfﬁﬁg“&ccegaar leél&i& %Vgggﬁ% nitro, ORa, NRV,-C(=.0 JORa , C(
=0 )N-C(=Nle)NRaRa, -S(=0JiR."}8(-8)2Ra or -S(-0)2NRaRa;

XtisCor N;
X isCorN;
X'isCorN,
10 X is C or N; wherein at least two of X% X3, X and X are C;
nis 0. 1,2 or3;
R! is a direct-bonded, C_salk-linked, OCialk-linked, Ci.2alkO-linked,
N(R*}-linked or O-linked saturated, partially-saturated or unsaturated 5-, 6- or

7.membered monocyclic or 8-, 9-, 10~ or 11-membered bicyclic ring containing 0,

15 1, 2.3 or 4 atoms selected from N, O and S, but containing no more than one O or
S atom, substituted by 0, 1, 2 or 3 substituents independentty selected from halo,
Crealk, C;shaloalk, cyano, nitro, -C(=OIR®, -C(=0)OR", -C(=0)NR'R’,
-C(=NR*NR'R?, -OR", -OC(=0)R’, -OC(=0INRR?, -OC{=ONR)S(=0)RY,
00, 6alkNRRY, -0C;.5alkOR", -SR*, -S(=0)R", -S(=0)2R", SS(=0RNRRY,

20 -S(=0)LN{RHC(=0)R", -S(=0),N(R"HC(=0)OR", S(=0RNRHC(=0)NRR",
SNRR, -N(RHC(=OIRY, -N(RHC(=0)OR?, NERHC(EOINRR?
NRHCENRDNR R, -N(RHS(=0)RY, NERHS(=0),NR R, -NR*CogalkNR'R®



30R9 is H, C1_6alk or ClAhaloalk; R" is selected from li, halo, Ci_salk, CiThaloalk, cyano, nitro,
-C(-0)Ita, C (=0 )0ORa , -C(-0)NRaRa, -C(=NIONRaRa, -0Ra, -OCE=0)Ra, -0C(=-0)Nna, A-1478
WO'PCT—WQ%IZU (lg)S (-=0)21e, -0C2_6alklna, -0C2_6alkOR3 , -BdRfjs2&8¢we)ke, -S(=0)2RDb, -
S(=0)2Nlele -S(=0)2N(10C(.---0)1e, -S(=0)2N (r)C(=0)NRale -NRaRa -N(R5C(7=0)Ra,
-N(125C(=0)0R3, -N (R5C (=--0)NRaRa, -N(W)C(=NRa)Nlefe, -N(r)S(=0)2Ra, 5 -N(le5S(=0)2NRaRa,
-NRaCmaIkNRaRél, % % IkORa, NRt2sallcCQ2Ra, -NleC2_6a1kS02Rb, -CH2C(=0)12a,
-0-12C(:0)0Ra,/'\-‘ A %: ) , -CH2C(=Nle)Nna, -CH2012.3 , -CH20C(=0)1r, -CH20C(=-0)NRV,

-CH20C(=0)N(R4NS(z0)21e,,-CH20C2 Nltalg, :01200C2: Ohe-GH2glie , -CH2S(-0)1111,
-CI-12S (-0)2Rbi‘“—%l&f%}éd)‘ﬂ%,Wgﬁ—fﬁ%qé%’(oikéﬁ%’gl)%%%%a? %}%EH %%%Q)ZN P2)C(=0)0Ra,
-CH2S1=-012N {Rujo(=tyNrRatsutad 2 R80T PIROCIETDNG goURS(EBIRAY (12HE(-=0)0Ra,
-CH2N(RSC(7=9£1}£BIM¥{&H HM&Q@M@?M&@J@@@MM@W@MM@BMM@@$I(=0)2NRale,
-CH2NRT2_6alkMele, -CH2NRaC2_ GalkORa, -CH2NR aC2..6aikC -CH2NRT2_6a1kS02Rb,
-CH2Re, -C_e----gfkcl‘%‘?ﬂi-%?l—l@)gﬁ%ﬁggg@rﬁggéani’" e%gn‘&’&“ﬂ%t‘%a h |Hs"([%1nce, HorRb; Rbis
independendly, atipashiinstaiceadpenylbpatyl erdlydalixtialppernicharz it Ci_oallc being

substituted by 0, L, g@@%@}i{yggﬁgg@%qgﬁ@m halgpG1l_4alk, C1_3haloalk, -OH, -0C1_4alk,
-NH2, -NHCl_4a'I)k -N(C1_4allc)Ci_4alk, and 20It." Is a]ﬁs urated oraggrﬂﬁilyﬁﬁ ated 4-, 5- or

and -N(C1_ {
6-membered ring conté’rﬁﬁﬁgjei?céeérf@ﬁé:t'e%ﬁoﬁ@@ SCtEF 8 K “8%h e’ring béing substituted

by 0, 1, 2 or 3 substitygntsceleotst from-balk ‘€1 -GaIRRONRIRAISHHOIBE BENcR 1\ TH2,
L s PO Rl compuns g e
pharmaceutically$He€BpHBieaRN&&of, wherein:
R? is selected from H, halo, nitro, cyano, Cyaalk, OC)salk, OC, shaloalk,
NHC; salk, N{(Calk)C,4alk and Cy.shaloalk;
R* is, independently, in each instance, halo, nitro, cyano, Cy.qalk, OCjsalk,
OC,_shaloalk, NHC, salk, N(C;.4alk)C ,salk, Cy_shatoalk or an unsaturated 5-, 6~ or
15 7-membered monocyclic ring containing 0, 1, 2, 3 or 4 atoms selected from N, O
and S, but containing no more than one O or S, the ring heing substituted by 0, 1,
7 or 3 substituents selected from halo, Cisalk, Ci shaloalk, -0C salk, -NHa,
NHC; 4alk and -N{C.alk)Caalk;
R’ is, independently, in each instance, H, halo, Cysalk, Cishaloalk, or
20  C,ealk substituted by 1, 2 or 3 substituents selected from halo, cyano, OH,
OC;qalk, Ciaalk, Cyshaloalk, OCi4alk, NHo, NHC, 4alk and N(C;_4alk)C.aalk;
or both R” groups together form a Ca.gspiroalk substituted by 01,2013
substituents seiected from halo, cyano, OH, OCsalk, C4alk, Cishaloalk, OC,.
salk, NH,, NHC qalk and N(Cj.4alk)Ciaalk;
25 R® is H, halo, NHR” or OH, cyano, OC1qalk, Ci.alk, C;shaloalk,
OC alk, -C(=0YOR?, -C(EOINRIR® or N(RIC(=0)R’;
R is selected from H, halo, Cishaloalk, cyano, nitro, -C(=OR’,
-C(=O)OR", -C(=0)NR'R", SC=NRANRRY, -OR®, -OC(=O)R", -OC(=O)NR'R”,
OCENRHS(=0)RY, -0C,.calkNR'RY, -OC; 6alkOR?, -SR”, -S(=O)R",
30 -S$(=0)R%, -S(=0),NR'R", -S(=0RNRHC(=O)IRY, -S(=0)LNRYHC(=0)OR",
S(=0RNRM)C(=0INRRY, -NRR, -N (RHC(=OIR?, -N(R"HC(=0)ORS,
N(RHC(=OINRR®, NRYCENRHNRRY, -NR)S(=0):R",



X2 is. CorN; X3isCorN; _5X4 is C or N; X5is C or N; wherein at least two of X2, X3, X4 and X5 are
C;nisO, 1,2 or 3; 1lleis a direct-bonded, C1_4alk-linked, 0C1.22alk-linked, C12a1k0-linked,

N(12a)- I|r|1ked %&% é{”}?g&l saturated, partially-satL_Jra.ted or unsgturated 5pEr06:h070m0embered
monocyclic of or 11-membered bicyclic ring containing 0, 1, 2, 3 or 4 atoms selected from N,
0 :nd Sdbut Icontamlng no more than one 0 or S atom, substituted by 0, 1, 2 or 3 substituents
independently selected from halo, C16alk, CiAhaloglk, cyano, nitro, -C(2-0)Ra, -C(-0)01e, -C(-0)Nlefe
-C(=NR’ )NRaIeAOﬁg &“ Sjlira -0C(220)Nn', -0C 0)N(R1)S(22 -0)2Ra, 15 -0C2..6alkNRaRa, |

-0C2.6alkORa,-S(= O)J -S N 5 =

SO IN(REC MRS Nt R O R MBS CEIO TS & R N ore
N(R.)C(= NRa)PﬂRadﬁnze-NW)g(ckl@/)QRlaZ qw@aa)vstemsmﬂ@aﬁéfﬁ%ﬁé@ 9. Stk ¥nd

-NP2C2 6a1kOR%n¥vq%g|n@@e®ﬁalqul§@ pom@(tmj)smf;{hema@@addmaﬁally substituted by 0,

| or 2 oxo or thlo 0 groups., and wherejn the

S02 linked, C(= Qfﬁ?ﬂ@hgor’@ﬁ(zmiﬁg‘éfbroggg gﬁgﬁ#@@ﬁ% BI Itur%%#ﬁrl(r)rzléy?lrﬁ?:ﬁr?ocilnndoed
\C/\)//802h0e1)((;/|1a§”12?@ﬁf;@msw;%ﬁ?;ggﬁﬁkiﬂ&mb@@N"QE;NWra&(n{x]}zblﬁéﬁ@(nﬁ)%yclopentyl and
from H. halo, Clggllg))ﬁ&ﬁ% %ﬁr)cé% Satﬁgl %?%r Y%é(:%lg(@ wdqggﬁgenﬁ&h)g ! o RaRs e

-C(=NRa)NRalr, K&@R@%&)‘éﬁ@@ﬁ%ﬁ%ﬁ% )Cé‘(—%Z)N&Q%)C&tL 3&& Obfg -0)NRaRa,

-S(-0)2N(Ra)C( Q%gﬁﬁs WZN(R@&(EQ%NR@IM NREZ R dskemgctetitrofi Hikhalo, nitro, cyano,
C
cinalk agtgiitﬂ%?éngggéoalléﬁ%? s NG Gh-tall and cdehalaaltoRéds. Independenty,

10  6- or 7-membered monocyclic rmg‘; containing 0, 1, 2, 3 or 4 atoms selected from
N, O and S, but containing no more than one O or S, wherein the available carbon
atoms of the ring are substituted by 0, 1 or 2 oxo or thioxo groups, wherein the
ring is substituted by 0, 1, 2 or 3 substituents independently selected from halo,
nitro, cyano, Cy.alk, OC;4alk, OC, shaloall, NHC;_salk, N(C;satk)Cyqalk and

15  Cyghaloalk; or R and R® together form a -C=N- bridge wherein the carbon atorm
is substituted by H, halo, cyano, or a saturated, parti ally-saturated or unsaturated
5-, 6- or 7-membered monocyclic ring contaiming 0, 1, 2, 3 or 4 atoms sclected
from N, O and S, but containing no more than one O or S, wherein the available
carbon atoms of the ring are substituted by €, 1 or 2 oxo or thioxo groups, wherein

20  the ring is substituted by 0, 1,2, 3 or 4 substituents selected from halo, Cigalk,
Cshaloalk, cyano, nitro, -C(=0)R", _C(=0)OR?, -C(=0)NR'R?, -C(=NR"NR'R’,
-OR?, -OC{=0)R", -OC(=0)NR'R", -OCE=OINRYS(=O )RS, -0CalkNRRY,
-0C,.5alkOR?, -SR?, -S(=0)R?, -$(=0):R", -S(=0):NR'R’, -S(=0)N(RHC(=0)R",
-S(EORNRNC(=0YOR?, S(=0),N(RHC(=OINR'R?, -NR'R", NROHC(=ORS,

25 -N(RHC(E=OORY, -NRHC(=0)NRRY, NERHCENRONRRY, -NERHS(=0 )RR,
JN(RHS(=0):NR'RY, -NR*C,salkNR'R" and -NR'C,.calkOR’; or R’ and R
together form a -N=C- bridge wherein the carbon atom is substituted by H, halo,
Crealk, Cy.chaloalk, cyano, nitro, ORY, NR'R?, -C(=0)R", -C(=0)OR’,
-C(=OINR'R?, -C(=NRNR'R", -S(=O)R", -§(=0)R" or -S(=0),NR'RY;

30 R” is H, Cyalk or Cyshaloalk;

R g selected from H, halo, Cyealk, Cy4haloalk, cyano, nitro, -C(=OIRY,
-C(=0)0R?, -C(=0)NR'R”, -C(=NR*NR'R’, -OR?, -OCEOIRY, -OC(=O)NR'R’,



100C1.4haloallc, NHC1_4alk, N(C14_ 4alk)Cmalk, C1_4haloalk or an unsaturated 5-, 6- or
7-membered monocyclic ring containing 0, 1, 2, 3 or 4 atoms selected from N, 0 and S, but containing
no more tha%]% %1%91]'4 , the ring being substituted by 0, 1, 2 or 3 substituenis:ealastes from halo,
ClAalk, cL” oa ic, -0C14alk, -NH2, -NHC1_4alk and -Mc 14al1k)C1_4alk; 15R5 is, independently,
in each instance, H, halo, Ci_oalk, C14haloalk, or Ci_oalk substituted by 1, 2 or 3 substituents
selected from halo, cyano, OH, OCl4alk, C1,4alk, C;fLShanaIk OCIlAalk, NH2, NHCl4alk and
N(C1_4alk)C1, 4%1& é%vcgh Igggroups together form a C2 65p|roalk substituted by 0, 1, 2 or 3

substituents selected fr lo dﬁb 204alk, NH2,

NHCIAalk and N@%4§%@aé?ﬁa¥f ﬁg&@%alk orzépt a%aﬁsﬁgﬁngltsselectaed from EI, halo,
C1.,6alk, ClAham&ObQ&nﬁ(mbmwF@t\-v-sz RERS CENRa)NRaRa, -0Ra,
-0C(=0)Ra, -0C,(5 &ﬁ(ﬂ@§(g@)4%ﬁad)@e@)@alkblna“)€@@n)aﬂk®w -SRa, -S(=0)Ra,

25-S(----0)2NRaR ( Ra C(.---0 0 S(----0)2N(Ra)C(=0)NR4Ra,
NRRa-N(R5C(= cmf%’a)cﬁr( EoyoWk »d (g%qﬁp?m @F}%( Nie)NRW, -N(Ra)S(=0)2Ra,
N(Ra)S(=0)2NRaR&" maamwamm@acmmz Ba,lkﬂilifél,zdsﬁlk@@sz SRKCOMRE:NRaC2_6alkS02Rh,
-CH2C(=0)R3, e C(eMRa)MRaR®&-CH20Ra,
-CH20C(=0)Ra, Q&é‘é%@i?&@% Eﬁcégiaé\!% 25; ?§)2R£H% Z&QalkNaa

-CH20C2 6a|k0F€ih@HEB§HR&1ﬂz@%@_O@R§ Eg %2 Rale
-CH2S(=0)2N(Ra)G(e)1©)) M(@’%Qi@j;ﬁalZeﬂaﬁzﬂuszamﬂ/mggazmmm\A@iﬁ@ar 24 -

-CH2S(= O)2N(R5 O)ORa R 0 oG ﬁO)Ra
-CH2N(Ra)C(= 0)6 ég%( %;)R#L( %N%M?&g NRMK Ff’ R? @ﬁ%\l a)S(----0)21e,
-CH2N(Ra)3(- O)ZNBR&GQNGNW(CQ)@&RWH%( —QRIYRRE2BARORa: @Nﬁ\!’mcz 6alkCO2Ra, 5
-C1-12NRaC26alkE0GRMCEIARN. CHRM RILAIDIE EOMBDR -ONR 'R,
CHNRYCENRYNRRY, -CHNRDS(=0),R", -CH,N(RMS(=0,NR'RY,
-CHoNR®C, calkNR*R?, -CH,NRC,.5alkOR”, -CH,NRC.4alkCO,RY,
LCH,NR*C, 6alkSO;R", <CH,R®, ~C(=O)R® and -C(=0)N(R"R",
15 R* is independently, at each instance, H or R™
R" is independently, at each instance, phenyl, benzyi or Cysalk, the
phenyl, benzyt and C calk being substituted by 0, 1, 2 or 3 substituents sclected
from halo, C:.salk, C;shaloalk, -OH, -OC,salk, -NHa, -NHC.salk and
N{C;.4alk)Cy saik; and
20 R® is a gaturated or partialty-saturated 4-, 5- or 6-membered ring
containing 1. 2 or 3 heteroatoms selected from N, O and S, the ring being
substituted by 0, 1, 2 or 3 substituents selected from halo, Cy4alk, C;shaloalk,
-OC qalk, -NHa, -NHC;_4alk and -N(Cj4alk)C,salk.

Another aspect of the invention relates to compounds having the structure



Ra is independently, at each instance, H or Rh; Rh is independently, at each instance, phenyl, benzyl
or Ci_6alk, the phenyl, benzyl and Ct_oalk being substituted by 0O, 1, 2 or 3 substituents selected

from halo, CiﬁAa},IIt, Cirthaloalk, -OH, -OCI_talk, -NH2, -NHCIAalk and 10-&(9%#&%)94&1&& and

Rhis a satt}?gtégll%?‘sr}aﬁ}lally-saturated 4-, 5- or 6-membered ring containing 1, 2 or 3 heteroatoms
selected from N. 0 and S, the ring being substituted by 0, 1, 2 or 3 substituents selected from halo,
C1..4alk, -OClAalk, -NH2, -NHC1.4alk and -N(C14alk)C1.4anc. 15Another aspect of the invention
relates to compatmd&iihidhe structure  R11 oFany pharmaceutically-acceptable salt thereof,
wherein: X2 is C or N; X3 is C or N: 20X4 iS C or N; X5 is C or N; wherein at least two of X2, X3, X4
and X5areC;nis0,1,20r3; W F'2010/151740PCT/U82010/039942 A-1478 WO-PCT-25 - Rl is a
direct-bonded, CiAalk-linked, OCi_{2alk-linked, N(Ra)-linked or O-linked saturated, partially-saturated or
unsaturated 5-, 6- or 7-member
1, 2, 3 or 4 atoms selected frgm N, 0 ajpd S, but containing no more than one 0 or

A
N NH
RB
RS N X2,
\\ 5 Q‘X:S
I
R® ] — R,
P X
R X5
Rﬂ
or any pharmaceutically-acceptable salt thereof, wherein:

XtisCorN;
X' isCorN;
5 X'isCorN;

X7 is C or N; wherein at least two of X7, X, X* and X® are C;
nis0,1,20r 3,
R'is a direct-bonded, C)salk-linked, OC alk-linked, C;.5alkO-linked,
N(R)-linked or O-linked saturated, partially-saturated or unsaturated 5-, 6- or
10  7-membered monocyclic or 8-, 9-, 16- or 11-membered bicyclic ring containing 0,
1,2, 3 or 4 atoms selected from N, O and S, but containing no more than one Oor
S atom, substituted by 0, 1, 2 or 3 substituents independently selected from halo,
C,.alk, Cishaloalk, cyano, nitro, -C(=O)R", -C(=0)OR?, -C(=O)NR'R’,
-C(=NR¥NR*R?, -OR*, -OC(=0)R", -OC(=O)NR'R", OC(=OIN{RDS(=0),RY,
15 -0C,.alkNR'R®, -OC; 6alkORY, -SR?, -S(=0)R", -S(=0):R", -S(=0):NR'R’,
S(=0)RNRHCEORY, -S(=0)NRHC(=0)OR?, -S(=0)NRHC(ZOINRR’,
NR'R, -N(RHC(=OIR?, -NRHC(=0)OR?, -N(RHC(=OINRR,
NERDC(=NRHNRRE, -NRDHS(=ORRY, NRYHS(=0RNRRY, -NR*Co.salkNR'R®
and -NR?C, ¢alkOR?, wherein the available carbon atoms of the ring are
20  additionally substituted by 0, 1 or 2 oxo or thioxo groups, and wherein the ring is
additionally substituted by 0 or 1 ditectly bonded, SO, linked, C(=0) linked or
CH, linked group selected from phenyl, pyridyl, pyrimidyl, morpholino,



5S atom, substituted by 0, 1, 2 or 3 substituents independently selected from halo, Ci 6alk,
CiAhaloalk, cyano, nitro, -C(=0)1Ra,-C(-0)NRaRa, -C(=NIONRaRa, o0R&-0C(=0)R3,

-OC(---O)Nnabe%: :]%)srgﬁOS(Z--ZO)ZRa, -0C225all(NRW, -0C2_6alkORaSinShrd)Ra2S(=0)2Ra,
-S(-O)ZNRa‘Lﬁa, - ( (RMC(=0)Ra, -S(-0)2N(Ra)C(=0)01Ra, -S(=0)2N(Ra)C(=0)NRaRa, 10 -Nna,
-N(R5C(=0)Pia, -N(Ra)C(=0)0Ra, -N(Ra)C(---0)Nna, -N(Ra)C(=NRa)NRaRa, -N(W)S(-0)2Ra,
-N(Ra)S(-0)2NRaRa, -NR2C226alkNRaRa and -NRaC2_6alkORa, wherein the available carbon atoms
of the ring are aﬁ'dit‘i‘gﬁé}i‘f)(f)é%%gtituted by 0, 1 or 2’3‘xo" or thioxo groups, and wherein the ring is
additionally substituted by 0.or 1 directly bonded, SO2 Jinked, Q=Q) Ji: r “H2 linked group
selected from pRENE P dweﬂ%ﬂ%%f} A P g‘i‘ﬁ%%ﬁ%‘g’r‘é’{ |}1§% (E%p;%%%lr%‘le g%ﬁcll%gentyl and cyclohexyl
all of which are fuitthigrsdbstifuted byb@nﬁﬁﬁeoé%lﬁﬁa@@ment Rb groups; R3 is selected from H,
halo, nitro, cyano, C14ak OGiAalks: 06 Mhalealk, NiCiAalkiMCIAal Glidvalkor Ciltirioalk; 20R4 is,
independently, in each instance, halo, nitro, cyano, Cl Aalk, OCi, ialk, QCiAhaloalk,.NHCiAalk,
N(CiAalk)CiAalk: ERaIGalk i SHQsaturated %3&6:%9"%% é?h?éﬁgﬁ:’jg?c F %éontaining 0,12
3 or 4 atoms selegtag)frori, -8@nd, By RTINS Ha B et S, substituted by 0, 1, 2
or3 substituentsﬂ&g_!ggt&%fg :Br?koRQAalk, Clhaloalk, -0C14alk, -NH2, -NHCiAalk 25and
-N(CiAalk)CiAalk; %Si m&%e dently; in each instance, H, halo, Ci _oalk, C1 4ha{oa|k, or Cialk
substituted by 1, 2 or %dbﬁiﬁ@ﬁﬁ@@@é{é@%éﬁﬁrﬁﬁbﬁ%&d?%ﬁ?c1"““%’29\%“@@1& Bhaloalk,

OCiAaIk, NH2, Wﬁﬁl&ﬁ@{t{\l@ﬁ@_@ﬁi&@l@p@b@ﬁﬂ@S groups together fqrm a Cmspiroalk
C1. 3haloallc OCL. 421K 1B RHESAIR LAk MG e CS dhicalk: WO
2010/151740PCTHISROANI03894 2. Akl 278 WO ClRE + id dede ik rs P ATTRTRY; 0C{E0)01e,
-C(=0)Nna, -C(=NfeINRaRa:QR'y ACIEDdSa0HT0) NRaleorAG(FA NARASIFAIZRE,

and S, but containing no more than one O or S, the ring being substituted by 0, 1,

5 or 3 substituents selected from halo, Cyqalk, Cyshaloalk, -OC; salk, -NHy,

NHC,_salk and -N{C..alk)Crsalk;

15 R’ is, independently, in each instance, H, halo, Cigalk, C;4haloalk, or

C,.alk substituted by 1, 2 or 3 substituents selected from hale, cyano, OH,
OC,alk, Craalk, C;shaloalk, OC,salk, NHz, NHC,_salk and N(C, 4alk)Cy.salk;
or both R® groups together form a Cssspiroalk substituted by 0,1,20r3
substituents selected from halo, cyano, OH, OC;alk, C) 4alk, Cishatoalk, OC,.

20 qalk, NH;, NHC, salk and N(Cy_4alk)C, salk;

R’ is H, Cisalk or Cyshaloalk;

R is selected from H, halo, Cy.alk, C;shaloalk, cyano, nitro, -C( =R,
-C(=OYOR?, -C{=0)NR*R", -C(=NRYNR'R?, -OR*®, -OC(=0)R", -OC{(=0)NR'R’,
LOC(=0IN(R*)S(=0)R", -OC2.salkNR'R’, -0C;.6alkOR®, -SR*, -SEOR,

25 -§(=0KR", -S(=ORNR'R’, S(=0RNRHC=ORY, S(=0)NROHC(=0YORS,
S(=0)NRHC(=OINR'RY, -NRRY, NRHC(=0)RY, -N(RHC(=0)OR,
NRHC(=0)NR'RY, -NRM)CENRINRRY, NRHS(=0RR?,

N(RYS(=0),NR'R?, -NR'C5alkNR'R”, NR*CaalkOR?, -NR*Cy5a1kCO5R",
“NRC, 4alkSO.R, -CH,C(=0)R?, -CH,C(=0)OR’, -CH,C(=0)NR'R’,

10 -CH,C(=NRHNR'R?, -CH,0R®, -CH,0C(=0)R", -CH,OC(=ONR'R",
-CH,OCEOIN(RYS(=0)RY, -CH0C,5alkNRRY, ~CH,0C, ¢alkOR®, ~CH,SR?,
-CH,S(=0)R", -CH.S(=0)R", -CH,S(=0),NR R, -CH,S(E0RNRHC(=O)RT,



-0C2_6alkNIM, -0C2_6a1k0OR1, -SR", -S(=0)R", -S(=0)2Rb, -S(=0)2NRale, -S(---0)2N(Ra)C(=0)W,
-S(=-0)2N(Ra)C(=0)0Ra, -S(-0)2N(Ra)C6-01NIne, 5 -NRaRa, -N(Ra)C(=0)Ra, -N(le)C(---0)01Za,
-N(10C(=0)NRV -rig@%C(:NR")NRaIZa, -N(Ra)S(=0)212", -N(1211)S(5)2a;s Az 46alkOR",
-NR,C2_6a Eéjﬂ ", -NRaC2_6alkS02Rb, -CH2C(---0)Ra, -CH2C(-0)0Ra, -CH2C(---0)NRale,
-CH2C(=NR1)NRalta, -CH201e, CH20C(=0)11e, -CH20C(-0)NRaRa, -CH20C(70)N(Ra)S(=0)2121%
10 -CH20C2_6alkNaa, -CH20C2 6alkOfe, -CH2SRa, -CH2S(---0)Ka, -CH2S(=0)2Rb,
CH2S(-0)2NRaltx  CRPE:-E)2N(Ra)C(=0)Ra, -CA25(=0)2N(InC(=0)0Ra,
-C142S(=0)2N(fe)C(=0)NRV, -CH2 = \(le)C(FA)Ra N(RYC R, -CH2N(Rhg=0)Naa,
-CH2N(Ra)C(=N gﬁg}f TQ@Glﬁgég@ﬁ%{@g%@(%%ﬁﬁﬁ?ﬁ%’R,C2_6aII(NRaRa, 15
-CH2NRaC2_6alkORER-EH2MR T 2C6RIREO2(20) AR 2NR:BR 3arkB0IRRA,.-CH2Re, -C(0)R and
-C(:O)N(Ra)Re;_@@ﬂ%@fﬁgﬂﬁ%ﬁ@gg@ﬁ@g@m&dﬁm R RS mdopeadantly, at each instance,
phenyl, benzyl or CI” oalk, the __ phenyl beqzcyt ﬁ@ﬁl_%%%gg squ?i&Jﬁd byO,1,2o0r3
substituents sele&}éa%ﬁbfﬁmﬁ%?oiéﬂ%%l_%ﬁ K, -OH,-ocifaik, -NH2, -NHC1_4alk and
-N(C14alk)Gl_4athki and®hads sCsaturataeRor ariail/-sedured) AR50k 6-membered ring containing
1,2 or 3 heteroatoms sglected fr el}lni?,ﬁpgd& the.ring hejpge.  substituted by 0, 1, 2 or 3

E

substituents selected fro@ﬁ% §"'C14a1k 25-0C14alk, -NH2, -NHC1 4alk and -N(CiAall)C Another
aspect of the invention Rélistad wcadmpouHda BapiieP BReP Sl Faf @ Credlk, the

2010/151740PCTHISR0L0/989942 AatdF8 QuRE Ty BEL, MR2XBYIRSR544 3!
from halo, C;.4alk, Cyshaloalk, -OH, -OC;4alk, -NHa, -NHC, 4alk and
10 -N(Ci4alk)Caalk; and
R is a saturated or partialty-saturated 4-, 5- or 6-membered ring
containing 1, 2 or 3 heteroatoms selected from N, O and S, the ring being
substituted by 0, 1, 2 or 3 substituents selected from halo, Ci.4alk, Cy shaloalk,
-0OC, alk, -NH,, -NHC; salk and N(Cy.42lk)Caalk.

15 Another aspect of the invention relates to compounds having the structure
NH,
CN
N l
K\
N

or any pharmaceutically-acceptable salkt thereof, wherein:
X’ is Cor N;
X} isCorN;
20 XtisCorN;
X7 is C or N; wherein at least two of X2, X2, X* and X are C;
nis G, 1,2 o0r3;



XS*)(4 R" or any pharmaceutically-acceptable salt thereof, wherein: X1 is C(R10) or N; X2 is C or N;
5X3is CorN; X4 is Cor N; X5is C or N; wherein at least two of X2, X3, X4 and X5 are C; Y is N(R8),

OorS;nis0,1 2 or,_37; 10RlI is a direct-bonded, C14alk4inked, OC12alkéinkeecho¢dngalkil-linked or
O-linked sam%%8&”5’arﬁ%lly-saturated or unsaturated 5-, 6- or 7-membered monocyclic or 8-, 9-, 10- or
11-membered bicyclic ring containing 0, 1, 2, 3 or 4 atoms selected from N, 0 and S, but containing no
more than one O or S atom, substituted by 0, 1,2 or_3 substituents independently selected from halo,
Ci_oalk, 15CIAn&I4R BAHS hitro. -C(=0)R8, -C{=0)012.8, -C(=-0)NR8Ra, -C(=NR8)NRSRa,

-0C(---0)-NRaRa, -0C(=)N(Ra)S(0)21e, -0C2_6alkNRr -0C2 6alkORa,-S(F0)2R8, -S(=0)2NR8Ra,
-S(----0)2N(Ra)C(=O)Rg?lgfzd@)efﬁ?ﬂ%ﬁ@=%)ﬁfégg%£§£ﬁfgg)@%%%ﬁﬁé%? -P]r\%%ﬁﬁs, N(NC(-0)R',
-N(Ra)C(=0)0RayN(RA)E (=0)Mbtaad MNREFC (P NRENRERH: I RBYSEOTIRS, 20T

-N(R8)S(-0)2N Rj"R%{%F%%%?@&QB%B@-,@g rNRBE2.EalkORmwharein theavaiable carbon atoms
of the ring are additiona ry substitited by 0, 1 or 2 oxg or thioxg.grou S, %,2 is, independently in
each instance, sbléete®r fIGHTS, ﬁﬁﬁl@f?@:éﬂ@ bi?ﬁﬁ@léaﬁ&téﬂ?g}%,lﬁﬁrg? BR® NRaRSE, -&:0)128,
-C(=0)0RS8, sC(--9\\aa, sWR2R1ALE1TA0RGI ABO1OM03DS 4R AIGATS ORGP nRBalO,

Cealk, Cpshaloalk, cyano, nitro, ~-C(=O)R", -C{=OR?, -C(=0)NRR’,
-C=NRYNRR?Y, -OR?, -OC(=0)R", -OC=OINRRY, -0C(=0)N(RHS=0)R",
-0C,(alkNR'R?, -0C,.6alkOR®, -SR?, -S(=0)R", -S(=0})R", -S(=0),NR"R",
-S(=0RN(RHC(=0)RY, S(=0RNRHC(E=OIORY, -S(=0RNER)C(=0INR'R",

106 -NR*RY -N(RHC(=O)R?, -N(RHC(=0)OR", NRHCE=OINRRY,
NRYCENRYNRRY, NRHS(=ORRY, NRHS(=0)NRR", -NR*Co5alkNR'RY
and -NR?C,_¢alkOR®, wherein the available carbon atoms of the ring are
additionally substituted by 0, 1 or 2 oxo or thioxo groups, and wherein the ring 1s
additionally substituted by 0 or 1 directly bonded, SO; linked, C(=0) linked or

15 CH, linked group selected from phenyl, pyridyl, pyrimidyl, morpholino,
piperazinyl, piperidinyl, cyclopentyl and cyclohexyl ali of which are further
substituted by 0, 1, 2 or 3 independent R" groups;

R? is selected from H, halo, nitro, cyano, Craalk, OCi.alk, OCishaloalk,
NHC, salk, N(C1.4alk)Cr4alk or Cy.shaloalic

20 R* is, independently, in cach instance, hale, nitro, cyano, Ciqalk, OCyaalk,
OC,_shaloalk, NHC/_salk, N(Cy.qalk)C.aalk, C,.shaloalk or an unsaturated 5-, 6- or
7.membered monocyclic ring containing 0, 1, 2, 3 or 4 atoms selected from N, O
and S, but containing no more than one O or S, substituted by 0, 1,2 or 3
substituents selected from halo, Ciqalk, Ciahaloalk, -OCyqalk, -NH,, NHC4alk

25  and -N{(C;4alk)Ciaalk;

R’ is, independently, in each instance, H, halo, Ci.salk, Cy.shaloalk, or
C1alk substituted by 1, 2 or 3 substituents selected from halo, cyano, OH,
OC,alk, Calk, Cishaloalk, OC;4alk, NH,, NHC, qalk and N(C; 4ali)Ciaalk;
or both R® groups together form a Ca.gspiroalk substituted by 0, 1,2 or 3

20 substituents selected from halo, cyano, OH, OC,..alk, C.salk, C.shaloalk, OC,.
qalic, NH,, NHC alk and N(Cisalk)Cyqalk;

R? is H, Cygalk or Cishaloalk;



-C(=Nle)NRaRa, -S(=0)1e, -S(=0)212.", -S(-0)2NRaRa, -8(=0)2N(Ra)C(=0)Ra, -S(=0)2N(Ra)C(-0)0Ra,
-S(-0)2N(Ra)C(=0)NRaRa; R3 is selected from H, halo, nitro, cyano, Clalk, 0COalk. OCIAhaloalk,
N(C1_ Olk)COalk or.Ci_4haloalk; 5R4 is, independently, in each instancgs-Ralegiitieesgyano, Ci_alk,
0CoOalk, OCWﬁa?oa(ﬁ:f\m‘CIAalk N(CiAalk)Cpialk, CiAhaloalk or an unsaturated 5-, 6- or 7- membered
monocyclic ring containing 0, 1, 2, 3 or 4 atoms selected from N, 0 and S, but containing no more than
one 0 or S. substituted by 0, 1,2 or 3 substituents séected from halo, Ci_aalk, C13haloalk, -0C1_01k,
-NH2, NHClaIk‘Skil(ﬁlN( PBEIBCMaIk R5 is, | ependently, in each instance, H, halo, Cislk,

C1_4haloalk, or Calk substituted b k;st ele e alo, cyano, OH, OClAalk,
C1lalk, C1r3haloalk, o&%k%ﬁﬁ%ﬂﬂbﬁ%@ (CIK % EI)Lotﬁ R5 groups together form a
C8.6spiroalk substised R ® 1 %r-@@&ki@bifueﬂé(‘f@éﬁ@ci’ed ﬁPéi&rﬂWn%ﬁ -OCl4alk, Cl4alk,
C1lr3haloalk, OC Ik N{H%@H%@a ks blﬁ@l@ik_}@;@;@( 2 a8, hgle(l NR%Ror OH; R7 is

selected from H. alzo Ahaloalk cyano, nltro C ORa -C

OR
-C(=NRa)NRaRaoRaNBOE0IRE. --SCRONBARE S Ec =6y F@?@(%&Qﬁ% 6alkNRaR",
gc(té) 263!(!;8%? -SR'R*SFABe(=5{F0)2R&’ )S(—O)mRaﬂR@ 98(—0)2&6(%00 O)TQ@@( O0R"
-N(Ra)C(= O)NRgéo%&%ﬁ E(QSCS >Klbg %@%&%\I?ém@?zﬁg% aS( Ol)géfF\IE%R NRaC2 6alkNaa,
-NRaC?2..6alkORNRHt @8R ‘Whst&in s UER]; - P ¥or 3 substituents
e s St ST
-S(=0)2Ra, -S(-0§2 B(-C ----0)r§ oiPNIR
-S(----0)2N{Ra) C{HOINA s HRER A -NERAYGEHAR ‘3CENER ) CH-BBRE, a-fﬁ(ﬁizzé\ﬂé@h@)NRaRa
-N(Ra)C(= NRa)NgﬁF% ﬁ\l@@)@( V2R3N p@lfq -0)2NRaRMRaGR falidyReRra and

t tlon

-NRaC2_6alkORa an 6alk is ad Qstltuted by 0 or 1 saturated, partially-saturated
or unsaturated 5-CASGTH NG BETOIRE " P4h &T?ber%{%%gnég'c ihgs containing 0, |, 2, 3 or 4

atoms selected ft@gq N RITeSmt m;mmﬁmﬁmé&ha@}@ﬁﬁ)ﬂ@b‘%ﬁﬁe&wthe available carbon
atoms of thc nng Wﬁ%ﬂ@gﬁw A @%&r&ﬂi 9%0 GroURsWherelfzie ring is substituted by O,
se alo,

1, 2 or 3 substitue 5 nitro, cyano, NHCIAaIk NI(C1,4alk)CiAalk
and CiAhalpalk; efﬁRﬂRﬁﬁﬂcﬂBQBgetﬁféfN&ﬁzad@Nﬁbn@@W&efn k58 Barsbiiiakom is substituted
by H, halo, cyanO&L@)ﬁay{@t@gmg%@@%«smurated or unsaturated 5-, 6- or 7-membered monocyclic

ring containing 0, 1, 2,3 or 4 atoms selected from N, O aﬂd S, but containing no more than one O or S.
wherein the available R" is independently, at each instance, H or R,

R" is independently, at cach instance, phenyl, benzyl or Cisaik, the
pheny!, benzyl and C_ealk being substituted by 0, 1,2 or 3 substituents selected
20  from halo, C,42lk, Cyshaloalk, -OH, -0OC_salk, -NH;, -NHC, salk and
N(C 4alk)Csalk; and
RS is a saturated or partially-saturated 4-, 5- or 6-membered ring
containing 1, 2 or 3 heteroatoms selected from N, (O and S, the ring being
substituted by 0, 1, 2 or 3 substituents sefected from halo, Cy4alk, Cishaloalk,
25 -0C.salk, -NH,, -NHC;salk and -N(Ci.4alk)Cy aaik.

Another aspect of the invention relates to compounds having the structure



10carbon atoms of the ring are substituted by O, 1 or 2 oxo or thioxo groups, wherein the ring is
substituted by O, I, 2, 3 or 4 substituents selected from halo, Ci_oalk, cyano, nitro, -C(-O)Ra,
-C(=0)0Ra C%QO% %R)%L} -C(=NR")NRaRa, -OR", -OC(-0)Ra, -0C(-0)NRiE:/06:016ahRa)S(=0)2Ra,
-0C2_6alk 6alkOle, -SR% -S(-0)Ra, -S(-0)21e, -S(-0)2Na, -S(-0)2N(Ra)C(=0)Ra, 15
-S(=0)2N(Ra)C(=0)0Ra, -S(=0)2N(R4)C(=0)NRaRa, -NRaRa, -N(Ra)C(=0)12a, -N(Ra)C(=0)0Ra,
-N(Ra)C(=0)NRaRa, - %{O[J%\ (r NRa)Naa, N(Ra)é -0)2Ra, -N(Ra)S(=0)2NRaRa,

-NRT2_ 6a1kNR‘%1ﬁ§ &n % 6alkORa; or R7 an 229 together form a -N-C- bridge wherein the
carbon atom is substituted by H, halo, cyano, nitro, OR% NRaRa, -Ca(--0)Ra, -C(-0)0Ra, 20 -C(-0)Na,
-C(=NRa)NRaRa, -S(-0)Ra, -S(-0)2Ra, -5(-0)2NRaRa; R8 is H or C1_6alk; R9 is H, Ci_aalk or
Cl4haloalk; Rl is H, halo, C1_3alk, C};‘ halgalk or cyano; is selected from halo, Cl45alk, CiAhaloalk,
cyano, nitro, -C(=0)Ra, 25 -C(=0)0R
-OC(:O)NRaRa, -OC(:O)N(Ra)S(-O)Z , -0 2_6aIkNR"Ra, -OC2_6aIkORa, -SRa, -S(-0)Ra, -S(-0)2RS8,

-N(RSC( 0)Ra, N(Ra)C(---O)ORa N(Ra)CE{FO NRaR@ N(F\’X R?{G*Nlaa)NRV -N(128)S(-0)2Ra, 30
-N(Ra)S(=0)2NRaRa, -NRaC2_6alkNRaRa and™ OR&xRa is independently, at each
instance, H or R8; and WO 20111/151740PGY/U 010/ 3994%;&@&)%8 WO-PCT-30- RI)is

independently, at each instance, phenyl, benz , 5]5henyl benzyl and C1_6alk being
substituted by 0, 1, 2 or 3 substituents selected from hialo, CI _4alk, Ch:Jhaloalk, -OClAalk, -NH2,
-NHCi_alk and -N(CiAalk)C,_ R™
or any pharmaceutically-acceptable salt thereof, wherein:
X is C(R™) or N;
XisCorN;
S X isCorN;
X*isCorN;

X° is C or N; wherein at least two of X4 X2, X* and X are C;
Y is N(R®, QorS;
nis0,1,2or3;

10 R!is & direct-bonded, C;.salk-linked, OC,alk-linked, CioalkO-linked or
O-linked saturated, partially-saturated or unsaturated 5-, 6- or 7-membered
monocyclic or 8-, 9-, 10-or 1 I-membered bicyclic ring containing 0, 1, 2,3 or 4
atoms selected from N, O and S, but containing no more than one O or S atom,
substituted by 0, 1, 2 or 3 substituents independently selected from halo, Ciealk,

15 Cjhaloalk, cyano, nitro, -C(=O)R’, -C(=0)OR?, -C(=0)NRR", C{(=NR"NR'R’,
-OR®, -OC(=ORY, -OC(=O)NR'R", ~OC(=ONRHS(=0RR’, -0C,.5alkNRRY,
-0C,.42lkOR?, -SR?, -S(=0)R", -S(=0),R", -S(=0)NRR?, -S(=0RNRHC(=0)R",
-§(=0)N(R*IC(=0)YOR", -S(=0)NRHC(=ONR'R?, -NRR", -N( RHC(=0)IR",
N(RHC(=0)OR, NRHC(E=OINRR?, NRHCENRHNRRY, N(RHS(=O)RRY,

20  -N{RYHS(=0),NR'R?, NRUC,salkNR'R® and -NR*Cy¢alkOR", wherein the
available carbon atoms of the ring are additionally substituted by 0, 1 or 2 oxo or
thioxo groups;

R% is, independently in each instance, selected from H, halo, Cyealk,
C,.shaloalk, cyano, nitro, OR*, NR'RY, -C(=ORY, -C(=0)OR?, -C(=0)NR"R?,



4alk 5In another embodiment, in conjunction with any of the above or below embodiments, the
compound has the structure R6 R11 wherein R7 is selected from H, halo, Ch4haloalk, cyano, nitro,
-Ce---0)1e, -C -OQQR% -C(=0)Nna, -C(=NRa)NRaRa, -0Ra, -0C(=0)Ra, fG(EO)NRiisey2
10-OC(=-0)W?F§35 t20Y9Ra, -0C2_6alkNRaRa, -0C2_6alk0Ra, -SRa, -S(=-0)Ra, -S(70)2Ra,
-S(---0)2NRaRa, -S(=0)2N(R5C(=0)R4, -S(=0)2N(Ra)C(=0)0Ra, -S(=0)2N(Ra)C(=0)NRaRa,
NRaR8,-N(Ra)C(201I§a -N(Ra)C(=0)0Ra, -N(Ra) %:O)NRaRa, -N(12a)C(=NRa)NRale,
-N(Ra)S(----O)ZIQaj,‘l- (@%ﬁgz%’f)zNRaRa, -NRaC266aikNaa, -NRaC2_6alkORa and Ci_6alk, wherein

the 15C1_6alk is substituted,by 0, 1 2,0r3.s titugnts eddra iARalealk, cyano, nitro,
-C(=0)Ra, -C(=0%ﬁ§?-8\%‘§o‘§r\1ﬁ§1?iéi§-r\|' ““)%%%R?,C %ﬁﬁ%@%ﬁl@gﬁkg(@:@gfﬂ Rta,
-0C(---01N(InS(-S©)2Rs( ROC2-GEMNNS (0CN(BAKOK)MERE, -S(=0)Ra, -S(=0)2Ra, -S(=0)21XIeRS,
-Se=0)2N(Ra)C(=0)R, >R (:)2NRAGEOIMRA mHh: Q2MR) Gk -SONRRRO 1 MRRaK -N(Ra)C(=0)Ra,
20 -N(Ra)C(=0)0Ra, -gﬁga C(:QNRaRa, -N(é\‘Ra)é:(':lg!Ra)NRaRa, -N(Ra)Se=0)212%

-N(Ra)S(=0)2N R+ Cosdkiasthrth NR'E% BalkOle, and the C1_6alk is additionally
substituted By 0 or 1 satlratedspaidialy-saterataosenunsadoraitd. 53260.0F 7aWeMberdé-monocyclic

rings containing 9.1, 2, 3 or 4 atoms,seleeted;frem N, @-and Sabul ceniaining:aesmerethan one 0 or
S, wherein the aé/) iﬂ‘é%gf}aocé%ﬂﬁ)ﬁ '§§S{16"ms of t e?rifié are substituted by O, | or ﬁroxq\pr thioxo groups,
wherein the WO-2010/¢51 TIORCTHISSPEIO/39T42AL1 278N GIPETEHF AN Sublstituted by 0, 1,

2 or 3 substituents;independentiv salesied fienbhalo s oweyane: AR, O8LAalk, OCi_ahaloalk,
above o below SUTBEIEE 4 BahiRbane TG (e Sutiarg T . SRR il orhe
10 -N{Cp4alk)Cisalk;
R is, independently, in each instance, H, halo, Cisalk, C;.shaloalk, or
C, calk substituted by 1, 2 or 3 substituents selected from halo, cyano, OH,
OC 4alk, Cisalk, C;shaloalk, OC, salk, NHs, NHC.qalk, N(Cq.4alk)C qalk, or
both R groups together form a Cs gspiroalk substituted by 0, 1, 2 or 3 substituents
15 selected from halo, cyano, OH, OCi.salk, C,.qalk, C;shaloalk, OC, 4alk, NHy,
NHC_salk, N(Cr4alk)Cysalk;
R is H, halo, NHR or OH;
R7 is selected from H, halo, Cy.shaloalk, cyano, nitro, -C(=0)R",
-C(=0)OR?, -C(=0)NR"R”, LC(=NRYNR'R®, -OR*, -OC(=0)R%, -QC(=0)NR*RY,
20 -OCEOINERIHS(=0RRY, -OC, 6alkNR'R”, -0C,5alkOR®, -SRY, -S(=0WR",
S(=0)R?, -S(=0);NR'R?, -S(=0)RNRHC(=O)R", -SEORNRNC(=OIORY,
_§(=0),N(R*)C(=0)NRR, -NR'R’, NRHC(=0)R?, -N(RHC(=0)OR',
NIRHC(=OINRRY, NRHC(ENRHNRRY, -N(RIS(=0)RR",
N(RHS(=0)NRRY, NRCo.6alKNR*R?, -NR*C,.alkOR" and Crsalk, wherein the
25  C,calk is substituted by 0, 1 2 or 3 substituents selected from halo, Cishaloalk,
cyano, nitro, -C(=0)R", -C(=0)OR’, _C(=0)NR'R?, -C(=NR*NR'R", -OR",
-OC(E=OIR?, -OC=OINRR, OCEONERHSEORRY, -0C,salkNRR,
-0C,6alkOR®, -SR?, -$(=0)R?, -S(=0),R", S{(=0),NR*R?, -S(=0)NR)C(=O)R’,
-§{(=0),N(RHC(=O)OR", §(=0),NRHC(=OINR'R", -NR*R", NRHCE=ORY,
30 -N(RHC(=0)OR', -N(RYHC(=0)NR'R", NRYCENRYNRR?, -N(RIS(=0),R,
N(RMS(=0),NRR", “NR*C.calkNR*R® and -NR*C,.¢alkOR®, and the Cyalk is

additionally substituted by 0 or 1 saturated, partiatly-saturated or unsaturated 5-,



NHR8 _ R3R1 In another embodiment, in conjunction with any of the above or below
embodiments, the compound has the structure R12 R11 10wherein Ru is selected from li, halo

C1l6alk, Ci i (=
) oRe B o O bt 2 comanion it e ove of bel
; ele. n another embodiment, in conjunction with any of the above or below

embodiments, the compound has the structure A-1478 WO-PCT- 32 - RX R" wherein R13 is H, halo

cyano, or a saturated, partially-saturated or unsatuygted 5-, 6- or 7-membered m icri
), ¢ : (urats : onocyclic rin
containing O, 1,‘?,1?@'%(9{852(5 selected from N, Ong?nd S, but containing no more than one 0 gr S

wherein t i i : )
e e e S s e e e s
N, O and S, but containing no mote than one O or S, wherein the avallable catbon
atoms of the ring are substituted by 0, 1 or 2 oxo or thioxo groups, wherein the
ring is substituted by 0, 1, 2 or 3 substituents independently selected from halo,
5 nitro, cyane, Craalk, 0OC, salk, OCi.shaloalk, NHC.4alk, N(C).4alk)C; salk and
C, shaloalk; or R” and R® together form a -C=N- bridge wherein the carbon atom
is substituted by H, halo, cyane, or a saturated, partially-saturated or unsaturated
5-, 6= or 7-membered monocychc ring containing 0, 1, 2, 3 or 4 atoms selected
from N, O and S, but containing no more than one O or S, wherein the availabie

10 carbon atoms of the ring are substituted by 0, 1 or 2 oxo or thioxo groups, wherein
the ring is substituted by 0, 1, 2. 3 or 4 substituents selected from halo, Cealk,
C,.shaloalk, cyano, nitro, -C{(=0)R%, -C=0)OR?, -C(=O)NR'R’, -C(=NR"“NRR’,
-OR?, -OC(=0)R", -OC(=O)NR'R’, OCEOIN(RHS(=O)RY, -0C galkNRRY,
-0C,.calkORY, -8R, -S(=0)R?%, -S(=0):R", -S(=0),NR'R", -S(=0RNRHC(=0)R",

15 -§(=0)NERHCEO)ORY, -§(=0),N(ROIC(=O)NR'R", NR*R?, -N(RHC(=O)R",
N(RHC(=0)OR?, NRHC(=0INRRY, N(RHCENRINRR, N(RHS(=0):R",
N(R)S(=0)NRR?, NR'C2.6alkNR'R" and -NR'Ca.salkOR”; or R7 and R’
together form a -N=C- bridge wherein the carbon atom is substituted by H, halo,
C,.aik, Crshaloalk, cyano, nitro, ORY, NRRY, -C(=0)R", -C(=O0)OR®,

20 -C(=0)NR'R%, -C(=NR")NR'R%, S(=0)R", -S(=0)R", -S(=0)NRRY

R"is H or Crsalk;

R’ is H, C1salk or Cyshaloalk;

R'® is H, halo, Cysalk, Cjshaloalk or cyano;

R g selected from halo, Cisalk, Cishaloalk, cyano, nitro, -C{=OR’,

25 -C(=0)OR?, -C(=0NR'R, -C(=NRHNRR", -OR", -OC(=0)R?, -OC(=0)NRR’,
-OC(=0IN{RHS(=0)R?, O, 6alkNR'R?, -0C,.6alkOR?, -SR?, -S(=ORY,
-S(=01R", -S(=0)NRR", S(EOLNRYHC=0)IRY, -S(=0)NRHC(=OYOR®,
-S(=0)NRHC(=ONRR?, NRARY, NRHCE=0)R?, -NRC(=0)ORY,
N(RHC=ONRRY, N(RHC(=NRNRR’, N(RYHS(=0),R",

30 -NRHS(=0),NRR®, NR*C,.alkNR*R® and ~-NR'C, ¢alkOR;

R* is independently, at each instance, Hor Rb; and



cyano, nitro, -C(40)Ra, -C(-0)0Ra, -C(-0)NRalTa, -Q-NRa)NRaR5, -0Ra, -OC(---0)Ra, -0C(=0)Nna,
-0C(-0)N(Ra)S(=0)2Ra. -0C2t6allthIRV, -0CmalkOW, -SR% -S(=0)17C, -S(=0)2Ra, -S(=0)2Nna,
-S(:O)ZN(Ré)Cé-O 1261}, 10 -S(=0)2N(Ra)C(=0)0R5, -S(=0)2N(Ra)C(-0)NRaRasHRaRaaN(12a)C(=-0
)R5, -N(W) (% 3 5,1 -‘N(IC)C(=O)NR5Ra, -N(Ra)C(=NRa)NRaRa, -N(Ra)S(---0)2R5,
-N(Ra)S(-=-0)2NRaRa, -NRaC2t6alkNRaRa and -NR5C2_6alkOR3; or 115 and R9 together form a
-N-C- bridge wherein the carbon atom is substituted by H, halo, Cl_ealk, C14haloalk, cyano, nitro,
ORa, NRalta, -Ct-OfR&YEED)0Ra, 15 -C(=0)NRaR4 , -C(=NE)NRIRa, -S(-0)W, -S(-0)212",
-S(=0)2NRaRa.  In another embodiment, in.conjunction with.any of t a% ve or below
embodiments, XI is N. K Wﬁ“zQﬁB‘?ﬁg?“é%%&ﬁ%}éWﬁ!?ﬁl Céjéﬁﬁj‘rﬁl El“obne I\]/vﬂnggr%% %ﬁ@%bove or below
embodiments, Xdhis:@(Bd)z20dndaRothieroembedistiéritdihiconjuAcichswithtapsiotigdbove or below
embodiments, Xg. X3 X4 @nd iKY 5638 Goc. o1 aReiherembodimEALNTcQRIIStion with any of
the above or below embodiments, X2'is N. In another embodiment, in conjunction with any of
the above or belé#k25embodiments, X3 is N. WO 2010/151740PCT/US2010/039942 A-1478
WO-PCT-33-  In appihemembadimest:jmconjunciienwithaany tththebabowebelobelow
embodiments, X4 is N, In another embodiment, in conjunction with any of the above or below
embodiments, X%nilzj%?%?Ht%tntgﬁw%orméjrﬁgbéé?rﬁsertﬁﬁ ?ﬁmc(%lr%%nction with any of the above or below
embodiments, Y is N(RS). In anotheEmbodiment, in conjunction with any of the above or below
embodiments, R'is a direct-bonded, C144alk-1lipked, linked or O-linked saturated, partially-saturated or
unsaturated 5-, 6- or 10 7-memberedgfon lic or 8-, 9-, 10- or 11-membered bicyclic ring containing
0, 1, 2, 3 or 4 atoms selected from N, , but containing no more than one 0 or S atom,

substituted by 0, 1,2 or 3 substituep endently selected from halo, C1.4haloalk, cyano, nitro,
-C(-O)Ra,-C(-0)NR4Ra,

5 2 R®
N X
: X 7{-‘)(3
R® | —j—g—(R4)n
R '

R'H
wherein R’ is selected from [, halo, C;shaloalk, cyano, nitro, -C=ORY,
-C(=OMOR?, -C(=ONR'R", -C(=NR*NR'RY, -OR", -OC(=0)R", -OC(=OINR'RY,
10 -OC(EONRYHS(=0)RT, -0C, calkNRRY, _0C,.6alkOR®, -SRY, -S(=O)R",
-S(=O)R?, -S(=0)NRR", S(=0)RNRHC(=OR", -S(=0);N(RHC(=0)OR",
S(=0)N(RHC(=OMINR'R", -NR'R?, NERHC(=0)RY, -NRHC(=0)OR",
“N(RMC{=OINRR?, N(RHIC(=NRINR*R?, -N{R)S(=0)R",
NRHS(=0)NRR?, NRAC, calkNRPR?, -NR'C)6alkOR* and Cealk, wherein the
15  Ciealk s substituted by 0, 1 2 or 3 substituents selected from halo, C;4haloalk,
cyano, nitro, -C(=0)R", -C(=0)OR’, -C(=0)NRR", -C(=NR"NR'R®, -OR",
-OC(=OR?, -OC(=ONR'R’, SOCEOINRYS(=0)RY, -0C;.calkNRRY,
-0C, ¢alkOR?, -SRY, -S(=O)R®, -S(=0)R", S(=0),NR'R, ~S$(=0);NRHC(=0)R",
-S(=0);N(RMC(=0)OR", -S{(=0)NRHC=0INRR", -NR'R", NERHYCEORY,
20 -N(RHCEOIOR®, NRHC(=OINRR’, NRHC(=NRHNRRY, -N(RHS(=0).R",
NRHS(=0),NR'RY, -NR"Co.6alkNRR" and NR*C,¢atkOR®, and the Cisalk is
additionaliy substituted by 0 or 1 saturated, partially-saturated or unsaturated 5-,
6- or 7-membered monocyclic rings containing 0, 1, 2, 3 or 4 atoms selected from
N, O and S, but containing no more than one O or S, wherein the available carbon

o5 atoms of the ring are substituted by 0, 1 or 2 oxo or thioxo groups, wherein the



-C(=NIONRaRa, -0Ra, -0C(-0)R4,-0C(4=0)N(R4)5(=0)2R4, 15-0C2_6alkNna,-S(0)R3, -S(=0)2R4,
-S(=0)2NR4Ra, -S(-0)2N(Ra)C(=0)R4, -S(-0)21N(R.4)C(-0)0R4, -5(-0)2N(R4)C(---0)Nna, -NR4R4,
-N(R4)0(=Q)1e -I}l}élg?_)%(--AO)OR& -N(R4)C(-0)NR412,4, -N(WIC(=NIOpH£AHRa: ri(b38) S(=0)2Ra,
-N(Ra)S(= ?I\? aRa, -NR4C24salkNR4R4 and -NR4C246alkOR4, wherein the available carbon
atoms of the ring are 20additionally substituted by 0, 1 or 2 oxo or thioxo groups; In another
embodiment, in corg’unction with any of the above qr, below embodiments, 124 is a direct-bonded,
carbon-linked 0|A6;<y Wfikked saturated, partially-Saturated or unsaturated 5-, 6- or 7-membered
monocyclic or 8-, 9-, 10-or.11-membered bicyglic.ring. containi \ selected from N,
0 25and S, but CBRtEIRHTSHY I}rerbt’h?ag Shé %‘c%br%‘fg?c\/%ﬁel?ei%{%ﬁégg%gi ggoe%cg%éﬁt}%%ms of the ring are
substituted by Opitrer @ axo Gr i grolip§ Grhbslsip thd Bhg Wla difiofinf subsditted by 0 or 1 R2
substituents, an@lt_[}ﬁaﬂ)gg(_is additionally substituted by 0, 1, 2 or 3 substituents independently selected
from halo, nitro, cyano, C1_4alk, OCJAalk, 0C1,4haloalk, ‘typl44ﬁ|}l§é I\I)Q)Q{%%%%I&)ﬁl_%lk 30and
Cidhaloalk.  In anotHeEHiBOHIRRNT e ShiHBISH With By of the“dbove or below embodiments, R
is a direct bandeghupsatdraiet Semmpobetedmionaoyiicring WO 2010/151740PCT/US2010/039942
A-1478 WO-PCT- 34 - containing 0, 1 o2 atoms, substituted by O, 1, 2 or 3 substituents
independently selected from halo, nitro, ¢yano, Cmalk, Chalk, OClAhaloalk, N(C1_4alk)C1_4alk and
C!_4haloalk. In another embodimentNi junetion with any of the above or below 5embodiments, RI
is phenyl or pyridyl, both of which are;substituted by 0, 1, 2 or 3 substituents independently selected
from halo, C1_6alk, C1_4haloallc, c , irQ, -C(=0)Ra,-CC=NRa)NRaRa, -0Ra, -0C(=0)Ra, -
OC(=0)NRaRa, - OC(=0)N(Ra)S %%O)ZRE , -0CBH6allcNna, -0C2, 5alkORa, -SRa, (=-0)Ra, -S(=0)2R,
and -S(=0)2NRaRa. 10In another embodimentin conjunctig \y;?th any of the above or below

-

(R

In another embodiment, in conjunction with any of the above or below

embodiments, the compound has the structure

10 wherein R™ is selected from H, halo, Cisalk, C i.4haloalk, cyano, nitro, OR*Y,
NRERY, -C(=0)R?, -C(=0)OR?, -C(=0NRR’, -C(=NRINRR®, -S(=O)R,
-8(=0),R%, -S(=0);NR*R".

Tn another embodiment, in conjunction with any of the above or below

embodiments, the compound has the structure



embodiments, RI is phenyl or substituted by 0, 1,2 or 3 substituents independently selected from halo,
Ci_oalk, C1_4haloalk, cyano, nitro, -C(=0)Ra, -C(=0)NRaRa, -C(=-NRa)NRaRa, -0Ra,
-0C(=-0)Ra -0C :g)l_\ll%%Ra, -0C(=0)N(Ra)S(=0)2Ra, -0C2.6alkNaa, -0CGZpakdRRaszbe:-S(=0)2Ra and
-S(=O)2NR§ﬁ?a2. W &hother embodiment, in conjunction with any of the above or below
embodiments. R." is phenyl_ In another embodiment, in conjunction with any of the above or below
embodiments, R2 is H. 20In another embodiment,ig.conjunction with any of the above or below
embodiments, R ¢ NSk hnother embodimentin conjunction with any of the above or below
embodiments, R6 is NH2. In another emhodiment, in conjunction with any of the above or below 25
embodiments,is selected from -C(:O)Ra{?-C(:O)Gﬁa, -C(=0)NRaRa, -C(=NRa)NRaRa , OR', -0C(-0)Ra
-0C(=0)NRaRa -0C(=0)N(Ra)S(=0)2Ra JQC2_6alkNaa, -0C2_6alkOle, -SR",-S(--0)2Rb, -S(-0)2NRafe,
-S(=0)2N(R")Ce--0)Ra, -S(=0)2N(Ra)(=0) a,\S(:O)ZN(r)C(:O)NRaRa, -NRaRa -N(Ra)C(=0)1e,
-N(R5C(=0)01C -N(Ra)C(:O)NRm -N{Ra)Cf£NRa)NR"Ra, -N(W)S(-0)2W', -N(Ra)S(-0)2NRaRa.
-NRaC2,6alkNaa, -NRaC2_6alk@Ra, -NRaC2 %alkCO2Ra, -NRaC2_6alkS 02Rb, -012C(=0)Ra,
-CH2C(=0)0Ra, -CH2C(=0)NRaRa, -CH2C(zNIe)NRalta, -CH2FRa, WO
2010/151740PCT/US2010/039942 A-1478 WO+ <35 ®B(=0)Ra, -CH20C(-0)NRaR",
-CH20C(=0)N(Ra)S(=0)2Ra, -CH20C2_salkN&a, -¢H20C _sal%@ﬂ&f)rrCHZSR“, -CH2S(-0)Ra,
-CH2S(=0)2Rb, -CH2S(-0)2Nna, -CH2S(-0)2N , S(-0)2N(Ra)C(-0)0R",
-CH2S(=-0)2N(R5C(-0)NRaRa, -CH2NRaRa, -CH2N(10C(-0)Ra, 5 -CH2N(Ral1C(=0)0Ra,
-CH2N(Ra)C(-0)Naa, -CH2N(14,a)C(=NRa)NRaRa, R"

wherein R™ is H, halo, cyano, or a saturated, partially-saturated or unsaturated 5-,

6- or 7-membered monocyclic ring containing 0, 1, 2, 3 or 4 atoms selected from
N, O and S, but contaimng no more than one O or S, wherein the available carbon
5 atoms of the ring are substituted by 0, 1 or 2 oxo or thioxo groups, wherein the
ring is substituted by 0,1, 2,3 or 4 substituents selected from halo, Cisalk,
C,.ahaloalk, cyano, nitro, -C(=0)R", -C(=0)OR’, -C{=0)NR'R?, -C(=NR"NR'R’,
-OR®, -OC(=OR?, -OC(=0NRRY, LOCH=ON(RMS(=0),RY, -0C,.callkNR R,
-0C, 2lkOR?, -8R, -S(=0)R*, -S(=0)RR", S(=0)NR*RY, -S(=0);N(RHC(=O)R",
10 -S(=0)RNRMC(=0OR®, -S(=0)NRHC(FOINRR?, -NR'RY, NRYC(=ORE,
NRHCE=O)ORT, N(RMC(=ONRR?, NERYHCENRHNRRE, NRS(=0)0R’,
NRHS(=0)RNRRY, NR?Cysal kNR*R and -NR*C;.alkOR"; or R’ and R®
together form a -N=C- bridge wherein the carbon atom is substituted by H, halo,
C, calk, C;.qhaloalk, cyano, nitro, OR’, NR*R?, -C(=0)R%, -C(=0)OR",
15 -C(=0)NR"R*, -C(=NRNR'R?, _S(=0)R, -S(=0)R", -S(=0),NR'R".
In another embodiment, in conjunction with any of the above or below
embodiments, X' is N.
Tn another embodiment, in conjunction with any of the above or below
embodiments, X' is C(R™).
20 In another embodiment, in conjunction with any of the above or below
embodiments, X°, X3, X and X are each C.
In ancther embodiment, in conjunction with any of the above or below
embodiments, X? is N.
In another embodiment, in comjunction with any of the above or below

25  embodiments, X~ is N.



-CH2N(W)S(-0)212", -CH2N(Ra)S(--0)2NR"R", -CH2NR"C2salkNRaRa, -CH2NR,C2_salkORa,
-CH2NR"C2_salkCO2Ra, -CH2NRaC2_6alkS02R6, -CH212"-, -C(-0)R and -C(-0)N(RHIlle, In another
embodiment, in Cﬁﬂjﬁ%‘fion with any of the above or below 10 embodimggatsyirdiseelected from
_C(-0)Ra, -ULHIEE E-0)NRV, -C(=NR")NRaR", -N(R7C(-0)Ra, -N(r)c(-0)0R", -N(Ra)C(-0)NR"Ra,
-N(R5C(--Nr)NRV and -NOTOS(-0)2R". Another aspect of the invention relates to a method of

treating PI3Kmediated conditions or disorders. 1 5IEn certain embodiments, the PI3K-mediated
condition or disatdtt 78 ¥ehsbiell from rheumatoid &7 ritis, ankylosing spondylitis, osteoarthritis,
psoriatic arthritis, psoriasis, inflammatory diseases, and auteimm . er embodiments,

the PI3K- mediated coﬁbmﬁﬁ?%’rsglglé Ié(%%%’snélceoc%iél ?r%)%“él'ﬁ} I0 égagg)%%gg’zggs%herosclerosis,
hypertension, deeghwénemsstixOmbosis, 20stroke, myocardial infarction, unstable angina,
thromboembolism, pulonay eabolismcthrorbeiviicidiseasesasute asisialischemia, peripheral
thrombotic occlusions, and coronary artery disease. In still other embodiments, the PI3Kmediated
condition or disorBePEnaeiEetdd frdim cancer, colon cancer, glioblastoma, endometrial carcinoma,
hepatocellutar cancer, lung®eancanbadrnelanamgpnenal ecthcarciioneabthyroiddarcinoma, cell
lymphoma, Iymphogr Iifere%tiv% gi%o rs, small cell lung cancer, squamous cell lung carcinoma,

. QOITNCTL 5[ . . .
glioma, breast cahcer, pros%ate cancer, ovarian cancer, cervical cancer, and leykemia. In yet another

embodiment, the PI13K-Imegilts ¢ ebréiriertop GRBHISHES S8IBARBUY I BPE PHRSB™Yes. In still other

embodiments, the, RI3kK 30:mediated-sanditiondor disnrdiekis selectad-frairadraSpiattOry diseases,
bronchitis, asthma, and chrgnic obstructive uImonaﬁ%ﬁq%ease. In cq%ggj emhodiments, the subject is
?ﬁ%@ 2 6-

a human. WO 20187481 PABBET 768 ghoA %B’-’%&lﬁﬁ? 5 - “Another aspect of the
invention relates tarthelitedtmeniatikheuhatbid G itisrenkdos i spsrayatensstdtalthritis, psoriatic

arthritis, psoriasis, inflagmatary diseases or RUIGIMMYNG iseases camprsinghastepof

>

administering a cdmpound according to any ofj[he above e bod%{éu%g,ts Ap%tgglrnagﬁgct of the
invention relates Scvipre. traRiseRe by ﬁ)éﬂ%%’i&ié@ﬁﬁﬂﬁg‘féﬂ%ﬁ% - epdndviitis “Osteoarthritis, psoriatic
arthritis, psoriasig;, inflRnamatosyidissasesand dteininuné-diseases; (rfladiiiatory bowel disorders,
inflammatory eye Ex&}%ﬁs@jﬂﬂ@a@a@@ gb%ﬁt_egg&% iadder, disgrdersghingomplaints with
inflammatory comp tS, chronic |rfflamr(n§toryapon itions, 10hutoignmuye diseases, systemic lupus
erythematosts (SKE), miy@RdRia-GaviglkGRUntgtoidSar s Hare Hisstihatdd encephalomyelitis,
idiopathic thrombeeytopeniopyrie, Mutiples RolerosimBiosgren SigyhdlemaiEautoimmune
hemolytic anemia, allergic copditions @n% E%\(S)(e{gg%giavi%(ﬁ%@&rﬁﬂ%@e step of administering a
compound accordTh‘% Yo aﬁ%?%‘eoﬁgmie ‘ » ' ‘ ’ .
N(RYC(=NRANRR, -N(R)S(=O)R?, -N(R*)S(=0);NR'R", NR*Cp.salkNR'R
and -NR*Cs.4alkOR?, wherein the available carbon atoms of the ring are
20  additionaily substituted by 0, 1 or 2 oxo or thioxo groups;
In another embodiment, in conjunction with any of the above or below
embodiments, R' is a direct-bonded, carbon-linked or oxygen-linked saturated,
partially-saturated or unsaturated 5-, 6- or 7-membered monocyclic or 8-, 9-, 10-
or 11-membered bicyelic ring containing 0, 1, 2, 3 or 4 atoms selected from N, O
25  and S, but containing no more than one O or S, wherein the available carbon
atoms of the ring are substituted by @, 1 or 2 oxo or thioxo groups, wherein the
ring is additionally substituted by 0 or 1 R? substituents, and the ring is
additionatly substituted by 0, 1, 2 or 3 substituents independently setected from
halo, nitro, cyano, Cyaalk, OC, qalk, OC,_shaloalk, NHC salk, N(C;.salk)Cy 4alk
30  and C,.4haloalk.
In another embodiment, in conjunction with any of the above or below

embodiments, R’ is a direct bonded unsaturated 6-membered monocyelic ring



15 below embodiments. Another aspect of the invention relates to the treatment of cancers that are
mediated, dependent on or associated with p1108 activity, comprising the step of administering a

compound accgﬁr{jiﬂglg(%ﬂany of the above or below embodiments. Anothe-grpesi@iihrinvention

relates to the treatment of cancers are 20selected from acute myeloid leukaemia, myelo-dysplastic
syndrome, myelo- proliferative diseases, chronic myeloid leukaemia, T-cell acute lymplioblastic
leukaemia, B-cell acute lymphaoblastic leukaemia, r’h%n-hodgkins lymphoma, B-cell lymphoma, solid
tumors and brea%tlégﬁc%ypﬁeﬂprising the step of administering a compound according to any of the

above or below embodiments. 25Another aspect of the invention rel , maggutical
composition con‘iﬁ?@fﬁﬁlﬁ%érﬁﬁg ' at%]@éﬁ?%%g 60(21@ Ot tha %%%@%ﬁ%g%i%gﬂg and a
phatmaceutically-aeseptantedient arcyandef. alkARGihekasiacehaiogie MiEntidlf relates to the use of

a compound accQ g_ig&@@gmgfﬁ&ﬁ%\{&g{nbodiments as a medicament. 30Another aspect of the

invention relates t{) the use of a compound according to any. of thz%%go(\flf embr(ibdei{nents in the
manufacture of a medidamEHFoT IR o BB FASPE T 38 216753882 5" AS1478 WO-PCT-37 -

treatment ofsrhegmssaichartritisisamyhasingyspighdyitisf cetebanthstistpgodatidarthiitis] psoriasis,

inflammatory diseases, and aptoimmune diseasesy, nad e SAMPQURLS:AL isrigvgRtion may have in
general several AYMMEtrc Cehters and are typlcaaﬂ depi in the form of racemic mixtures. This

epicted in t
invention 5is intefife® R efdoMPaR's @Mﬁ%ﬁxtué@q hdR ralBnic keSS and separate
enantiomers and giastgiamets. .ocHnisr gthenyise, spesifieditie fokawingiditmitats apply to terms
found in the specification and claims: "C H‘% )eans an alk group comprising a minimum of a and a
maximum of 13 19caron a6ieth ﬁnﬂrﬁE , cyclical or linear relationship or any combination of the

three, whengin a and 13repsesentibtegesst, Theoafkupteupsiteseribedsmihis S6E88Hmay also contain
one or two doublg or triple bords, Famples. Bl &hEatkinclidesbut aiginehlimited to the following:

independently selected from halo, C;.salk, Ci4haloalk, cyano, nitro, -C(=ORY,
-C(=0)OR?, -C(=O)NR'R", -C(=NR*NRR’, -OR", -OC(=O)R", -OC(=0)NR'R",
-OC(=OIN(RHS(=0);R?, -0C,.6alkNR'R, -0C,calkOR", -SR?, -S(=0)R”,
15  -S(=0);R" and -S(=0),NR‘R".
In another embodiment, in conjunction with any of the above or below
embodiments, R' is phenyl.
In another embodiment, in conjunction with any of the above or below
embodiments, R” is H.
20 In another cmbodiment, in conjunction with any of the above or below
embodiments, R® is NHR®,
In another embodiment, in conjunction with any of the above or below
embodiments, R is NH,.
In another embodiment, in conjunction with any of the above or below
55 embodiments, R is selected from -C(=0)R", -C(=0)OR", -C{(=C)NR'R",
-C(=NRNR'R’, -OR", -OC(=O)R’, “OC(=0)NR'R?, -OC(=0NRMS(=0)R",
-OC,.alkNRR®, ~0Co.salkOR?, -SR?, -S(=0)R", -S(=0)R", -S(=0)NRR",
S{EORNRHCEORY, -S(=01N(R"C(=0)OR", S(=0)NRHC=O)NR'R',
NR*R?, -N(RHCEODRY, NR*HC(=0)OR’, NRDHC(=0)NRRY,
20 -NRHC(ENRYNR'RY, -N(RM)S(=0):R", N(RHS(=0),NR'R?, -NR"C;.6alkNRR’,
NRCoalkOR?, -NR*Cy.6alkCO,R", NR*C,.alkSOR®, -CH,C(=O)R",
-CH,C(=0)OR?, -CH,C(=0)NR'R?, ~CHC(=NRHNRR?, -CH,OR",



15"Benzo group”, alone or in combination, means the divalent radical C41-14--, one representation of
which is -CH=CH-CH=CH-, that when vicinally attached to another ring forms a benzene-like ring--for

example tetrahydronaphthylene, indole and the like. The terms "oxo" and,,'thiaxQ\ ent the groups
=0 (asin ca%%%/ gﬁ'gd% (as 20in thiocarbonyl), respectively. "Halo" or %‘éﬂ%ge&g"{ﬁgﬁ% a halogen
atoms selected from F, Cl, Br and I. "Cv.whaloalk" means an alk group, as described above, wherein
any number--at least one--of the hydrogen atoms attached to the alk chain are replaced by F, CI, Br or
L. 25"Heterocycléi‘}ﬁ8§|¥§%'?ﬁ6 comprising at least'orie carbon atom and at least one other atom

ot lmited o, theIBRIRGC SOROTED BT IO TI30843 ACLATS WO-PCT. 38 - 5 andi,

"C,H3spiroalk" meagg@zgamwga(ta@h@@ﬂkﬂmgﬁi&@j&ﬁ?ism@ﬁ(ﬁfﬁ)ﬁﬁwﬁhﬁﬁ:@&& maximum of

15 arbon cloms e 0 S RSP HER 2B kL 0r
CHLS(=0),NRHC(=O0INR'R?, -CHNR'R?, ~CHaN(RHC(=0)R,

5 -CHoNRHC(=O)OR?, -CHN(RMC(=0)NR'R®, -CHN(RMC(=NR*NRR?,
-CHN(R*S(=0),R", -CHN(RYS(FORNRRY, ~CH;NRC, 52l kNR*R®,
-CH,NRPCo6alkOR?, -CHaNRCo.6alkCO2R", -CHNRC,.alkSO.R®, -CH,RS,
-C(=0)R® and -C(=OIN{R"IR,

In another embodiment, in conjunction with any of the above or below

10 embodiments, R is selected from -C(=0)R", -C(=0)OR?, -C(=O)NR'R,
-C(=NR)NR*R?, -NRHC(=0)R?, -N{R")C(=0)OR", N(RHC(=OINRRY,
N(RMC(ENRHYNR'R? and -N(RHS(=0)R",

Another aspect of the invention relates to a method of treating PI3K-
mediated conditions or disorders.

15 Tn certain embodiments, the PI3K -mediated condition or disorder is
selected from rheumatoid arthritis, ankylosing spondylitis, osteoarthritis, psoriatic
arthritis, psoriasis, inflammatory diseases, and autoimmune diseases. In other
embodiments, the PI3K- mediated condition or disorder is seiected from
cardiovascular diseases, atherosclerosis, hypertension, deep venous thrombosis,

20  stroke, myocardial infarction, unstable angina, thromboembolism, pulmonary
embolism, thrombolytic discases, acute arterial ischemia, peripheral thrombotic
occlusions, and coronary artery disease. In still other embodiments, the PI3K-
mediated condition or disorder is selected from cancer, colon cancer,
glioblastoma, endometrial carcinoma, hepatoceilular cancer, lung cancer,

25  melanoma, renal cell carcinoma, thyroid carcinoma, cell tymphoma,
lymphoproliferative disorders, small cell lung cancer, squamous cell lung
carcinoma, glioma, breast cancer, prostate cancer, ovarian cancer, cervical cancer,
and leukemia. In yet another embodiment, the PI3K- mediated condition or
disorder is selected from type 11 diabetes. In still other embodiments, the PI3K-

30  mediated condition or disorder is selected from respiratory diseases, bronchitis,
asthma, and chronic obstructive pulmonary disease. In certain embodiments, the

subject is & human.



A-1478 WO-PCT- 39 - "Available nitrogen atoms" are those nitrogen atoms that are part of a
heterocycle and are joined by two single bonds (e.g. piperidine), leaving an external bond available for
substitution t%}/ {o({ £ ipple, H or CH3. "Pharmaceutically-acceptable sglf'imeans/essali prepared by

. W 2{1/1..2) . . o .
conventional means, 5and are well known by those skilled in the art. The "pharmacologically
acceptable salts" include basic salts of inorganic and organic acids, including but not limited to
hydrochloric acid, L\g/drobromic acid, sulfuric acid,_%qsphoric acid, methanesulfonic acid,
ethanesulfonic 4t ?ﬁéﬂ@&qg acetic acid, oxalic acid, tartaric acid, citric acid, lactic acid, fumaric

acd, succinc acid, maleic acd 10salcyc acd bengole il henyiacatsapkdmendelc acid and
| u

the like. When compod}ﬂ% f th8hvention include an acidic function such as a carboxy group, then
suitable pharmaseiuficaliyladosiptatiendatitis palirexfdiihe pEBUKY GHFHH #ERknown to those skilled
in the art and inglydle alkalipg; Alkaline SasthnAMMARIAR, GHalerary:RMBaium cations and the like.

For additional examples 15of "pharmacologically accept tlfiler%alt_s,'_'nsl(ged%nfg% gs‘tnd Berge et al., J.
Phalli, Sci. 66:13IPHCrSE R FARECERHASTR YARIAEEH B ThERRIrate Phdltdes substituents saturated
with hydrogens, substityests:compaleithh nsatuiated avitthydrogemseind Substtoehts partially
saturated with h%%{’%%ngﬁg%%ﬁﬁo @RHP";}Q@Q%@[{Q&%@@;{;&%@%,r%,ggl;ysglsplaceable by a

nucleophile, such as an amine, or an alcohol nucleophile. Such leavin r‘ougfsﬁare well known
in the art. Exampiésofmsiuty IssArmy oo dpe inensae db6esste ROENRHEISONG 9%’?5 Vduccinimide,
N-hydroxybenzoitiazalg.hajidesfiiflates iosyiaiesand thetlike. HPréferriebléamirdrigroups are indicated
eneral ISIELs{g.giaups ek iggun i the art which

herein where appropriate. 25 "Prgéectin%lgro&g )
Uch as’carboxy, amino, hydroxy, mercapto and the like,

are used to preveNPREIEE G P EATE IR pS &Nl Xy, ami
from undergoingaundesired résetionsy suchcdsms ciotphiliéo BidSrdphimec Bitadidi reduction and the

like. Preferred protecting.groups:are indigatedheteinwhareappiepsiaepExamples of amino protecting
groups include, but are not 30 limited to, aralk, subztltutedrﬁraLk, cygloglken Iag< and substituted

cycloalkeny! allyhspBEaeTeECAIy TR -dIRE U HAI rafetyearbonyt, syl and the like. Examples
of aralk include, bubaren00t ligliteio abenizylitngiometiytbe nzgttritylc WOy,

2010/151740PCT/US2010/039942 A-1478 WO-PCT- 40 - and henzhydryl, whigh fande- optionally
substituted with ﬁgf%%ﬁ?% C é;’fﬁB)?ﬁd%/ﬁ ?6&%9}1%? C-gm% ami Q A

ro, acylamino, acyl and the like, and salts, such as
phosphoniurd anteammuahidimsalis. Examples of aryl groups include phenyl, naplithyl, indanyl,

anthracenyl, 9-(9-phenyfflugrenys.ahenanthrensdaderenylamd thedie: Examptesibohoycloalkenylalk

or substituted cycloalkenylalk radicals, preferably have 6- . .
ymed.iated?/dcpendeni on orrj associate)c/i with p(?l%g activity, comprising the step of

administering a compound according to any of the above or below embodiments.
Another aspect of the invention relates to the freatment of cancers are
20 selected from acute myeloid lenkaemia, myelo-dysplastic syndrome, myelo-
proliferative diseases, chronic niyeloid leukasmia, T-celf acute lymphoblastic
Jeukaemia, B-cell acute lymphoblastic leukaemia, non-hodgkins lymphoma, B-
cell lymphoma, solid tumors and breast cancer, comprising the step of
administering a compound according to any of the above or below embodiments.
25 Another aspect of the invention relates to a pharmaceutical composition
comprising a compound according to any of the above embodiments and a
pharmaceutically-acceptable diluent or carrier.
Another aspect of the invention relates to the use of a compound according
to any of the above crbodiments as a medicament.
30 Another aspect of the invention relates to the use of a compound according

to any of the above embodiments in the manufacture of a medicament for the



carbon atoms, include, but are not limited to, cyclohexcnyl methyl and the like. Suitable acyl,
alkoxycarbonyl and aralkoxycarbonyl groups include benzyloxycarbonyl, t-butoxycarbonyl,
iso-butoxyc‘%rbo&% I%%Koyl, substituted benzoyl, butyryl, acetyl, trifluorgagetyhdriaitomn acetyl,
phthaloyl ant?tlz”le ike. A 10mixture of protecting groups can be used to protect the same amino group,
such as a primary amino group can be protected by both an aralk group and an aralkoxycarbonyl
group. Amino protectin%ou s can also foul, a heggrpcyclic ring with the nitrogen to which they are
attached, for exémlﬁl?a% ) -ﬁé‘j%ethyleneibenzené, phthalimidyl, succinimidyl, malcimidyl and the like
1%and where these heteracyclic grauns san.furihsr Induds adinioing anand.cxclaaik ings. In
addition, the hetBFBE)EHCGFBEBE AR Be FAGHO. di- or fri-su Stituted, such as nitrophthalimidyl. Amino
groups may alsa:beriisoteotédiagaimnuatesidegrsacivhg SleRY Jkieidn, through the formation of
an addition salt, such ag,hydrochintides dalugnessionis aeid: tiflunseasetieacidandite like. Many of
the 20amino protecting groups are also suitaple for protecting carboxy, hydroxy.and mercapto groups.
For example, aréﬁ@‘@?&ﬁ%?“i&ﬂé’@%ﬁ@ﬁ?@tﬁfg@éfﬁt %%Bﬁ%gﬁ}nﬁ%{]é%ir@ ]h%} rt%gggnd mercapto
groups, such as e, (S vk praiectingegroupis @ressitictalatorprop tioRaNsssibstituted by one or
more alk, aryl and aralk groups, Suit i rotecting groups include, but are not 25limited to,
trimethylsilyl, triet/isiyi ?ﬁ‘i@’ﬁ%%ﬁiﬁ?y ,a%%&%‘dimethy|sny| dimethylphenysilyl
1,2-bis(dimethylsityl)bernkneothershirs ansreisgidis setioanes 'ﬁ’&%b‘f%:ﬁﬂ?ﬁ%fﬂy‘f%% *Wation of an
amino groups prglv@ggsg&;}pc-agg,g@ih/aﬂﬁm groups. Silylation of aminoalcohol compounds can lead to
a N,N,0- trisilyl derivative. Removal of the silyl function from a sil(}/ft o%ta%%r afumna%l%il%ﬂ% O:f;%readily
accomplished by freathiemSiith2 i e Kb RO HIEHE AT XiGE o smmonium fluoride reagent, either
as a discrete, reagligprsiepehin Sitthahingyalieactidmewithetieoatbahot groupmSuREBIOSilylating agents
are, for example, WO 2010/151740PCT/US2010/039942 A-1478 \WO-RCT -4l - trimethylsilyl chloride,
tert-butyl-dimethySilH ShiS G HEERS) iFﬁ%*i%Sﬁiﬁ|‘§‘|Q%%%Sﬁ§[§eéﬁ}%ﬁw%r¥§gnﬁQ%’i@ﬁf/fﬁ%de or their
combination prodyetswithyimidazolieiooBME hethds oty aeofs o3 Sht reéffoval of silyl

protecting groups ayc well, §r%"x\{8ttf?xﬁﬁ18§?o§5w?&%m§: art. Methods of 5 preparation of these amine
derivatives from corresponding amino acids, amino acid amides or amino acid esters are also well

known to those skilled in the art of organic chemistry inclugding amino aci ino acid ester or

aminoalcohot chemistry. 5;\/ f f

15  “Benzo group", alone or in combination, means the divalent radical C4Hs4=, one
representation of which is -CH=CH-CH=CH-, that when vicinally attached to
another ring forms a benzene-like ring-—-for example tetrahydronaphthylene,
indole and the like.

The terms “oxo” and “thioxo” represent the groups =0 (as in carbonyl) and =S (as
20  in thiocarbonyl), respectively.
“Halo” or “halogen” means a halogen atoms selected from F, Cl, Br and 1.
“Cy.whaloalk” means an alk group, as described above, wherein any number--at
Jeast one--of the hydrogen atoms attached to the alk chain are replaced by E, CL,
Bror L

25 “Heterocycle” means a ring comprising at least one carbon atom and at least one
other atom selected from N, O and S. Examples of heterocycles that may be

found in the claims include, but are not limited to, the following:



Protecting groups are removed under conditions which will not affect the 10remaining portion of the
molecule. These methods are well known in the art and include acid hydrolysis, hydrogenolysis and
the like. A Qgr’eferred_m%hod involves removal of a protecting group, such@syemaxabaha
b 0 2uaansit o . : ¥

enzyloxycarbonyl group by hydrogenolysis utilizing palladium on carbon in a suitable solvent system
such as an alcohol, acetic acid, and the like or mixtures thereof. A t- 15butoxycarbonyl protecting
group can be removed Uti“ZiE:%lan inorganic or orgﬁgic acid, such as HCI or trifluoroacetic acid, in a
suitable solventféy&@'ﬁnw&rg s dioxane or methyténe chloride. The resulting amino salt can readily

be neutralized to yiel;jﬁ:%? free.amin Carbgy pr%ectiﬂp group, suchl\?s ethyl, ethyl, benzyl,
tert-butyl, 4-methoxy ylﬁyl mth ik, %})bmogfmi de otySls and
hydrogenolysis conditier’s wetiknows to those sKitted i the t sh b d that compounds of
the invention may contgin grougs that Iqay exig.n ta ric suc ©yclic and acyclic
amidine and guanidingg? upﬁter@h s@?sjtut dh eré%)z group ?ﬂ?%} S, NR), and the like,
25which are illustrated™r'the wingeXxampléy: - HR NNR" NR"#% NHR' RHNNHR"

RNNHR" OH 00 00 O ' anePtheug e 1§ na@med, descri Qﬁ ed and/or claimed
herein, all the tautomeric fi rmse ded to e inhekently included j ych prame, description,
display and/or claim. N

¥
1

No N N

N N NN N <
ey OO SO EO

“Co-popiroalk” means a geminally-attached alkyl ring comprising & minimum of &

and a maximum of P carbon atoms that is attached to a chain or another ring—

CiR <
and R~ R,

such as:



5Prodrugs of the compounds of this invention are also contemplated by this invention. A prodrug is an
active or inactive compound that is modified chemically through in vivo physiological action, such as
hydrolysis, metabolism and the like, into a compound of this invention fojlewipg,admitistration of the
prodrug to & Satiefi e suitability and techniques involved in making and using 10prodrugs are well
known by those skilled in the art. For a general discussion of prodmgs involving esters see Svensson
and Tunek Drug Metabolism Reviews 165 (1988) a519d Bundgaard Design of Prodrugs, Elsevier (1985).
Examples of a nisrdked Wé?b%&?late anion include a'variety of esters, such as alk (for example, methyl,

ethyl), cycloalk (for example, cyclohexyl), aralk (for example, benzyl, p- 15m yl), and
alkcarbonyloxyalMW%WIB?@FBWQTB%IO%@%@ T crlln%% ba%e%égee%d#g@%?ﬁﬁ bie

arylcarbonyloxyrmethyt siibstitutedodenvathred whighpareidisaydeh by sreraseih¥ido releasing the free
drug and foimalda%%}{gbq_ Bung [{MOM%E’@QQ%HI&Q%&]@?@)- Also, drugs containing an acidic NH

group, such as imidazole, imidc, indole and the like, have been masked Witl‘%.N-r Eglaegxloxymethyl
groups (Bundgaéi?@@@é‘?@ﬁ“@?ﬁf'@ﬁ?ﬁ@@}’EI%@%ié’F?’ﬁ’@’S’S‘ﬁuQV@%Q@@%@B‘S’C%%&

S
een masked as
esters and etherg, £RO305b(Slpamancsie) 2040/451 TAOPQTAIB2010/089942 A-1478 WO-PCT-

43 - Litl, 41L181)cclgses anniclbace s xamie 6id rociugs. (RSl ichealion.an use

The specificatiort 518 RIATE SoRtain listing of species Using the language “selected from ... and ..."

and "is ... or ..." (sarfietimesefdreetl et aas MaKISRIBEHE WSS WHEH HHEi GRS LHEed in this

application, unless.qihaise Stated iismeantto deeudeihe-oroupts adybekticacany single members
thereof, or any subgroups thereof. The use of hé_? Iangug%e is merel .Ept;nsarﬂ&rctgglag purposes and is

not meant in any'F&Y G HbiETRE ASitoVAT ORTHUUIATA ShtS 'O sUbgroups as needed. 10The

ealemen S or su
present inveption;alsolinetitlesisotopital iyktaybiedcondpoundsjwhidhraddlisihticdl éthose recited
herein, but for the fact that opg oF More ARMSAERRIACEhAYARRON hayingkardignic mass or

mass number diffé)]r”elﬁ?lf?om the atomic mass or mass number, usually found in nature. Examples of
isotopes that cantiya m&@ﬁﬁ%@@@#ﬁ?@‘&ﬁ@ﬁb%ﬁ@@?%wgﬂﬂH{ﬁ&a%g?%tglﬁ)é@ 6F15hydrogen,
carbon, nitrogen,Qxyggs.paosphousdiuariaerend oiibrne/isutk, askakhe3dth3c, 14c, 15N, 1631p,
32p, 35, 18F, anacrjnrgn%%%ﬁn, quaternary ammonium cations and the like. For additional examples
15 of "pharmacologically acceptable salts,” see infra and Berge et al,, J. Pharm. Sci.
66:1 (1977).
“Saturated, partially saturated or unsaturated” includes substituents saturated with
hydrogens, substituents completely unsaturated with hydrogens and substituents
partially saturated with hydrogens.
20  "Leaving group” gencrally refers to groups readily displaceabic by & nucicophile,
such as an amine, a thiol or an alcohol nucleophile. Such leaving groups are well
known in the art. Examples of such leaving groups include, but are not limited to,
N-hydroxysuccinimide, N-hydroxybenzotriazole, nalides, triflates, tosylates and
the like. Preferred leaving groups are indicated herein where appropriate.
2% "Protecting group” generally refers to groups well known in the art which are used
to prevent selected reactive groups, such as carboxy, amino, hydroxy, mercapto and
the like, from undergoing undesired reactions, such as nucleophilic, electrophilic,
oxidation, reduction and the like, Preferred protecting groups are indicated herein
where appropriate. Examples of amino protecting groups include, but are not
20 limited to, aralk, substituted aralle, cycloalkenylalk and substituted cycioalkenyl alk,
allyl, substituted allyl, acyl, alkoxycarbonyl, aralkoxycarbonyl, silyl and the like.

Examples of aralk include, but are not limited to, benzyl, ortho-methylbenzyl, trityl



Compounds of the_ present invention that contain the aforementioned isotopes and/or other isotopes of
other atoms are within the scope of this invention. Certain isotopically-labelled compounds of the

present mv\eapotl%} {{8g129ﬁxample those into which radioaqtivg isc_)topes sweh@shicland»14C are
incorporated, are useful in drug and/or substrate tissue distribution assays. Tritiated, i.e., 3H, and

carbon-14, i.e., 14C, isotopes are particularly preferred for their ease of preparation and detection.

Further, substitution with heavier isotopes such as deuterium, i.e., 2H, can afford [ [
, . € S del ,l.e., 2H, certain therapeutic
advantages reaﬂnh‘ﬁ@éﬁ%rﬁ%?eater metabolic stagllﬁty, for example increased in vivo half-life or

re i i : :
abeled compo RS BTG Ea SN BT e DILD Aoy BBt BeCBly avaiable
isotopically labeligdreeagentfacdamindsatpipiodijdabelleel rsdigenich As phrepipeiutandas -
Experimental The folig.ag. o, BINAE » I &ofted %GMs'_iPMﬁe-ﬁQ@l; 1A JEQH - h - min - MeOH -
MsCI - 15- satd - THE - General Reagents ng abbreviations are used: agu
anthracenyl, 9-(9-phenylituorenyl), phenanthrenyﬁ gurenyi an tﬂe TRe> Examples
5 of cycloalkenylalk or substituted cycloalkenylaik radicals, preferably have 6-10
carbon atoms, include, but are not limited to, cyclohexenyl methyl and the like.
Suitable acyl, alkoxycarbonyl and aralkoxycarbonyl groups include
benzyloxycarbonyl, t-butoxycarbonyl, iso-butoxycarbonyl, benzoyl, substituted
benzoyl, butyryl, acetyl, trifluoroacetyl, trichloro acetyl, phthaloy! and the like. A
10  mixture of protecting groups can be used to protect the same amino group, such as a
primary amino group can be protected by both an aralk group and an
aralkoxycarbonyl group. Amino protecting groups can also form a heterocyclic
ring with the nitrogen to which they are attached, for example,
1,2-bis(methylene)benzene, phthalimidy!, succinimidyl, maletmidyl and the like
15 and where these heterocyclic groups can further include adjoining aryl and cycloalk
rings. In addition, the heterocyclic groups can be mono-, di- or tri-substituted, such
as nitrophthalimidyl. Amino groups may also be protected against undesired
reactions, such as oxidation, through the formation of an addition salt, such as
hydrochloride, toluenesulfonic acid, trifluoroacetic acid and the like. Many of the
20  amino protecting groups arc also suitable for protecting carboxy, hydroxy and
mercapto groups. For example, aralk groups. Alk groups are also suitable groups
for protecting hydroxy and mercapto groups, such as tert-butyl.
Silyl protecting groups arc silicon atoms optionally substituted by one or more
alk, aryl and aralk groups. Suitable silyl protecting groups include, but are not
25 limited to, trimethylsifyl, triethylsilyl, triisopropylsilyl, tert-butyldimethylsilyl,
dimethylphenylsilyl, 1,2-bis(dimethylsityl)benzene, 1,2-bis(dimethylsilyl)ethane
and diphenylmethylsilyl. Silylation of an amino groups provide mono- or di-
sitylamino groups. Silylation of aminoalcohol compounds can tead to a N,N,O-
trisilyl derivative. Removal of the silyl function from a siiyl ether function 1s
30  readily accomplished by treatment with, for example, a metal hydroxide or
ammonium fluoride reagent, cither as a discrete reaction step or in situ during a

reaction with the alcohol group. Suitable silylating agents are, for example,



2_,2'-bis(diphenylphosphino)-l,1 '-binaphthyl concentrated dichloromethane N,N-dimethylformamide
diethyl ether ethyl acetate ethyl alcohol hour(s) minutes methyl alcohol methanesulfonyl chloride room

"t\(/largfelz\lr&t;r% (s)azt({ui%%%c% ﬁtra.hy('jrofuran 2 0 NMR spectra were recordedmg_@mﬂg@"gﬁﬁg MHz and 500
pectromeéter. Significant peaks are tabulated in the order: multiplicity (s, singlet; d, doublet;

t, triplet; g, quartet; m, multiplet; br s, broad singlet) , coupling constant(s) in hertz (Hz) and number of
protons. Mass spectrometry refults are reported as, the ratio of mass over charge, followed by the
relative abundarieé 52" 6edchtion (in parentheses Electrospray ionization (ESI) mass spectrometry

analysis was con(_jugte on a Agilent 1100 serjes LC/MSD glectro - ter. All
compounds coufﬁrﬁéﬂgﬂ%ﬂ%g@ ﬁ@ﬁ’et%g%ﬂ}gg@f n%%%% u%}ﬁl%ﬁé%:’ tg%n r%@@év%a;?gg%irtohr%i%/ro formic acid

as the delivery solveit, Rintersénphiade i alyicalcropiheiveesbagicd strdushy diagilent 1200 series on
Agilent Eclipse 4%%%9%@&%#”1&%%&%%%@ phasdhsdstationaryrphase and eluting with

acetonitrile: ' 0, o ; . .
1100 Serics on APHEABAENER SENITHBRA CLS BRI WO 20 R HLEIPCTIUS 20101030042
A-10478 WOsPCrar3R0 Rk 2ine )@t thiestationary phasé adehetirglwitmicetonitrile:FLO with
0.1% TFA. Preparation.of 4:aminos 6:(% ankaingip-?erQmsthyd amieQnvinmidiearbor
organic chemistry including amino acid/amino acid ester or aminoalcohol
chemistry.
Protecting groups are removed under conditions which will not affect the
10 remaining portion of the molecule. These methods are well known in the art and
include acid hydrotysis, hydrogenolysis and the like. A preferred method
involves removal of a protecting group, such as removal of a benzyloxycarbonyl
group by hydrogenolysis utilizing palladium on carbon in a suitable solvent
system such as an alcohol, acetic acid, and the Hike or mixtures thereof. A t-
15  butoxycarbonyl protecting group can be removed utilizing an inorganic or organic
acid, such as HCl or trifluoroacetic acid, in a suitable solvent system, such as
dioxane or methylene chloride. The resulting amino sait can readily be
neutralized to yield the free amine. Carboxy protecting group, such as methyl,
ethyl, benzy!, tert-butyl, 4-methoxyphenylmethyl and the like, can be removed
20 under hydrolysis and hydrogenolysis conditions well known to those skilled in the
art.
It should be noted that compounds of the invention may contain groups that may
exist in tautomeric forms, such as cyclic and acyclic amidine and guanidine
groups, heteroatom substituted heteroaryl groups (Y'=0, S, NR), and the like,

25  which are illustrated in the following examples:



earbonitriles 502 General Method A: NH20OH A7 10General Procedure: A solution of Al (1 eq) in
anhydrous THE was cooled to 0 C and lithium aluminum hydride (LiAlth, 2eq) was added as a solution
in anhydrous Et20, The reaction was allowed to wairn to rt and stirred fog3h;saft@iodddigh time it was
guenched B‘ﬁﬂﬁg%‘ggé{auent addition of IX water, IX 15% NaOH, and 3X water where X = grams of
LiA1H4 used. Filtration and 15 concentration afforded compound A2. Compound A2 (1 eq) was
dissolved in DCM, Mn02 (8 eq) was added and the reaction was allowed to stir overnight. Filtration
and concentratiév 48y As! Compound A3 (1 'e% ‘was added to WO 2010/151740PCT/li
S2010/039942 A-1478 VVO-PCT- 46 - tylacetone (1.2 eq) and ag. 1M FICI (1 eq). The reaction
was heated at 60 C init fl’y then,the fi%serature was raised tol9RC. When the reaction was
determined to have regghed completioRyt was cooled to rt and the pH was adjusted to -9 with 1N
NaOH. The solid waR Tilter&ti&id washed¥ith water to Sraffrd NEedmpound A4 (1 eq) was
combined with hydroxylamine hydro- chloride (1.1 eq) and pyridine{{.1 eq) in EtOH. The reaction was
heated to reflux, and when the reaction 5% determineq{ﬁg ve reathegiegenpletion, the solvent was

removed in vacua. T ?\ﬁjpue was p R!ed between|EtOAc amd-water|and the layers were
separated. The orgdhic layer Was waghed with SQ‘H&I Rand BH¥E, trjgdrover MgSO4, filtered,
and coned. Purificat column &
Y’ Y'H Y
' % = (J— - - @ 1
S : =

Q O O OH
R . = = R R s R

and though one form is named, described, displayed and/or claimed herein, all the
tautomeric forms are intended to be mherently included in such name, description,
display and/or claim.

5 Prodrugs of the compounds of this invention are also contemplated by this
invention. A prodrug is an active or inactive compound that is modified
chemically through in vivo physiological action, such as hydrotysis, metabolism
and the like, into a compound of this invention following administration of the
prodrug to a patient. The suitability and technigues involved in making and using

10 prodrugs are well known by those skilied in the art. Fora general discussion of
prodrugs involving esters see Svensson and Tunek Drug Metabolism Reviews 165
(1988) and Bundgaard Design of Prodrugs, Elsevier (1985). Examples of a
masked carboxylate anion include a variety of esters, such as alk {for example,
methyl, ethyl), cycloatk (for example, cyclohexyl), arali (for example, benzyl, p-

15 methoxybenzyl), and atkcarbonyloxyalk (for example, pivaloyloxymethyl).
Amines have been masked as arylcarbonyloxymethyl substituted derivatives
which are cleaved by esterases in vivo releasing the free drug and formaldehyde
(Bungaard J. Med. Chem. 2503 (1989}). Also, drugs containing an acidic NH
grbup, such as imidazole, imide, indole and the like, have been masked with N-

26 acyloxymethyl groups (Bundgaard Design of Prodrugs, Elsevier (1985)).
Hydroxy groups have been masked as esters and ethers. EP 039,051 (Sloan and



chromatography afforded A5. Compound AS was dissolved in acetone and cooled to O C. To this was
added p-TsC1 (1 eq) and ag. NaOH (leq). The reaction was heated to 70 C. After the reaction had
reached com IetiopL it7 as cooled to rt and the solvents were removed igovagyadiedesulting solids
were 15dis§%$v2e0‘ m"ét%/)gAc and water. The layers were separated and the organic layer was washed
with water, NaHCO3, and brine. The organic layer was dried over MgSO4, filtered, and coned in vacua
to afford 46. Compound 46 %1 eq) was dissolved inﬁq. IN HC1 (10 eq) and heated to 95 C until the
reaction was deterHield & Have reached completion. The reaction was cooled back to 0 C 20 and the

pH was adjusted to -10 usin Hi\l NaOH, The salid was filtered and vygtgj;] d with water to afford A7.
Compound 47 \A}dgldisd%i\//%ﬁ S HEFRIT %ﬁ%e eaﬁoégo edtod C. Tg"fh{?é solution was added
sodium nitrite (1pbepapativwatérusafter 10 min, the solution was transferred via pipette to a slurry of

copper(l) bromide (1.1.80) {fHBEALD GrThe MG WasAlOwad iR Warmp icTsaBand monitored by
LC/MS for reaction completion. After the reaction was cgr{%ﬁlete, it was cog}led b akk;[og C and

adjusted to pH -SWRATNIRBOH 2Fhe re&ifitait sofil-was HBFEE ST WAShed Wit Water. After drying,
the solid wag slugriggldn DM filiernedgtihaLighaOid S M fitterianddencdh@uiificaticd By column
chromatography.(5% EA in h x{%r}%es) affor%eg “ﬁ]%i &8%89%@%@%&%@&)5 IR was diggplved in ACOH

and N-bromo su@c?ﬁ?ﬁ%té)( Cequ was-adde In a single portion. The reaction was heated to 80 C for 1
h and subsequentlyscaaiedheocrt Ve 209 07 1153 FAGPET A9 SSAID /300D 204 BYSRFOBET- 47 - and

diluted with 10 mL of; water ang, 50 MlfiRaxanesndhe smixtieiwasishakenvigodrosty until all solids
had dissolved. The or%gnic layer was washed with sat. NaHCO2, dried over MgSO4 and filtered.

Purification by céfuffif’éhromatography afforded compound 49. Compound 49 was combined with
pthalimide {b eq) and 5pbtassium casbonatastliegydnsDEDTAbrdetion WEPAAEd at rt until it was

determined to have, e el COMRICHRRALHEMS M. eactipmues dibiied:ithdiBas and washed

with water, sat. N& 3, and brine. The organic layer was dried over M 1%)4& QI%ieJed[}%nd coned to
afford a crude pro@UER!aue ProduEpWAS PEHRAPRISITHA G I PBSIIPRIDAC S dS8ing back to 0 C.
Filtration of the 1Qsalid peRductandwashingwith bhinbéxanes: EdApafofdedats fiGeneral Method B

Compound AlO (1 qu, aryl-stannane B1 (1.5 eq) apd tetrakistriphenylphgsphing palladium(0) (0.1 eg)
were combined &Rd fflllﬁg%ll?/ﬁ]fﬁt%?n Varous ?ﬁﬂ%%xaﬁe. . ) ,
15  hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine and chlorine, such as

2%, e, e, PN, 10, 10, BT, Np 3G R and ¥,
Compounds of the present jnvention that contain the aforementioned

isotopes and/or other isotopes of other atoms are within the scope of this
invention. Certain isotopically-labelled compounds of the present invention, for

20  exampie those into which radioactive isotopes such as *H and "C are
incorporated, are useful in drug and/or substrate tissue distribution assays.
Tritiated, i.¢., "H, and carbon-14, ie., 1, isotopes are particularly preferred for
their case of preparation and detection. Further, substitution with heavier isotopes
such as deuterium, i.e., H, can afford certain therapeutic advantages resulting

25 from greater metabolic stability, for exampie increased in vivo half-life or reduced
dosage requirements and, hence, may be preferred 1n some circumstances.
Isotopically labelled compounds of this invention can generally be prepared by
substituting a readily available isotopically labelled reagent for a non-isotopically
labelied reagent.

30



1_5 The mixture was heated to 100 C until judged complete by LC/MS. The reaction was cooled to rt
diluted with DCM, and filtered, Concentration and purification by column chromatography afforded 8’2.
General Method 1% - AI 052 WO 2010/151740PCT/US2010/039942 A-1443\M¥6nR6#5148 - to 100 C
under a nltr‘gé)e?h a mosphere until the reaction was determined to be complete by LC/MS. After cooling
to rt, the reaction was diluted with EtOAe and washed with NaHCO3, water, brine. The organic layer

was dried over MgSO4, filtered and coned. Purification by column chromatography afforded com
ound
5B2. General M&HEdDY NI AR DI NH2 N jTH, O e P

Experimental

The following abbreviations are used:

ag. - aqueous
BINAP - 2.2*-bis(diphenylphosphine)-1,1’-binaphthyl
5 concd - concentrated
DCM - dichloromethane
DMF - N,N-dimethylformamide
Et0 - diethyl ether
EtOAc - ethyl acetate
16 EtOH- ethyl alcohol
h- hour(s)
mis - minutes
MeOH - methyl alcohol
MsCl - methanesulfonyl chloride
15 rt- room femperaturs
satd - saturated
THEF - tetrahydrofuran
General

Reagents and solvents used below can be obtained from commercial sources, 'H-
20 NMR spectra were recorded on a Bruker 400 MHz and 509 MHz NMR spectro-
meter. Significant peaks are tabulated in the order: multiplicity (s, singlet; d,
doublet; t, triplet; q, quartet; m, multiplet; br s, broad singlet) , coupling
constant(s) in hertz (Hz) and number of protons. Mass spectrometry results are
reported as the ratio of mass over charge, followed by the relative abundance of
25 each ion (in parentheses Electrospray ionization (ESI) mass spectrometry analysis
was conducted on a Agilent 1100 series LC/MSD electrospray mass spectrometer.
All compounds could be analyzed in the positive ESI mode using acetonitrile:-
water with 0.1% formic acid as the delivery solvent. Reverse phase analytical
HPLC was carried out using a Agilent 1200 series on Agilent Eclipse XDB-CI8
30 Sum column (4.6 x 150 mm) as the stationary phase and eluting with
acetonitrile:water with 0.1% TFA. Reverse phase Semi-Prep HPLC was carried

out using a Agilent 1100 Series on a Phenomenex Gemini™ 10um C18 column
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{250 x 21.20 mm) as the stationary phase and eluting with acetonitrile:HyO with

0.1% TFA.
Preparation of 4-amino-6-(3-aryl-quinolin-2-yl)methylamino)-pyrimidine-5-
carbonitriles
NH
2 CN
li‘N NH
N
l -
Ar = R
5 Dz
General Method A
S
HaN A HoN HoN
i s s 3§50
HO 1,\' —  Ho_ A T k,\'
R R l R
O A1 A2 O A3
N N
P A N2G )-LN X
R !N H R
O -
Ad HO AL AB

N\ = N\ =
! L N | s \-j -
=N < Br =R 2% = \

A7 A8

10 General Procedure: A solution of A1 (1 eq)in anhydrous THF was cooled to
0 °C and lithium aluminum hydride (LiAlHs, 2eq) was added as a solution in
anhydrous Bt;O. The reaction was allowed to warm fo 1t and stirred for 3 h, after
which time it was quenched by the subsequent addition of 1X water, 1X 15%
NaOH, and 3X water where X = grams of LiAlH used. Filtration and

15 concentration afforded compound A2. Compound A2 (1 eq) was dissolved in
DCM, MnO, (& eq) was added and the reaction was allowed to stir overmnight.
Filtration and concentration afforded A3. Compound A3 (1 eq) was added to



82132 Compound B2 was slurried in EtOH and treated with hydrazine hydrate (10 eq). 10The reaction
was heated to 75 C until determined to have reached completion by LC/MS. The reaction was then

cooled to rtigdilute(%\é\{i_%EtOAc, and filtered. The filtrate was coned in vagyathan@issalved in EtOAc /
water. The )érdWaté separated and the organic layer was washed with brine, dried over MgSO4,
filtered, and coned to afford DI. Compound D1 was combined with 4-amino-6- 1

Schloropyrimidine-5-carbonitrile (1.05 eq) and diisopropylethylamine (1.2 eq) in n- butanol. The mixture
was heated to 1%51&7?0}?‘49:?% cooled to rt and filfétéd. The solid product was washed with cold

EtOH/Et20 and dried to afford final compounds D2. Additignally, purification by sjurrying D2 in hot
EtOAc may be pé‘?FéYW@éQnNH?S)W@-WW@Q E¢ raﬁﬁé%/ﬁégbo %Wﬁogﬁ]aﬁ%u#(? él ?vas dissolved in

DCM and treateg, with wetmantmeriianite slay-and exone(2.&/eg) hemidiureawas stirred at rt until
the reaction was deteimin- 5 ed complete by LC/MS and the f'Iter?d r]Eg caoned to afford compound
i fiiered. and.con

E2. Specific ExataiStE Mo i€ S8 g B Uming 3 esTophedY imethanol. 0OH

adjusted to ~0 with 1N NaOH. The solid was filtered and washed with water to
5 afford A4. Compound A4 (1 eq) was combined with hydroxylamine hydro-
chloride (1.1 eq) and pyridine (1.1 eq) in EtOH. The reaction was heated to
reflux, and when the reaction was determined to have reached completion, the
solvent was removed in vacuo. The residue was portioned between EtOAc and
water and the layers were separated. The organic layer was washed with sat.

10 CuSO., and brine, dried over MgSOy, filtered, and concd. Purification by column
chromatography afforded A5. Compound AS was dissolved in acetone and
cooled to 0 °C. To this was added p-TsCl (1 eq) and aq. NaOH (leq). The
reaction was heated to 70 °C. After the reaction had reached completion, it was
cooled to rt and the solvents were removed in vacuo. The resulting solids were

15  dissolved in EtOAc and water. The layers were separated and the organic layer
was washed with water, NaHCO3, and brine, The organic layer was dried over
MgSOs, filtered, and coned in vacuo to afford A6. Compound A6 (1 eq) was
dissolved in aq. IN HCI (10 ¢q) and heated to 95 °C until the reaction was
determined to have reached completion. The reaction was cooled back to 0 °C

20  and the pH was adjusted to ~10 using IN NaOH. The solid was filtered and
washed with water to afford A7. Compound A7 was dissolved in 48% HBr at rt
and then cooled to 0 °C. To this solution was added sodium nitrite (1.5 eq) in
water. After 10 min, the solution was transferred via pipette to a slurry of
copper(I) bromide (1.1 eq) in HBr at 0 °C. The mixture was allowed to warm to 1t

25 and monitored by LC/MS for reaction completion. After the reaction was
complete, it was cooled back to 0 °C and adjusted to pH ~9 with 1IN NaOH . The
resultant solid was filtercd and washed with water. After drying, the solid was
sturried in DCM, filtered through a 0.45 uM filter, and concd. Purification by
column chromatography (5% EA in hexanes) afforded A8, Compound A8 (1 ¢q)

20 was dissolved in AcOH and N-bromo succinimide (1 eq) was added in a single

portion. The reaction was heated to 80 °C for 1 h and subsequently cooled to rt



To a round bottomed flask containing 2-amino-3-fluorobenzoie acid (15.7 g, 101 10 mmol) was added
100 mL of anhydrous THF. The reaction was cooled to OC and lithium aluminum hydride (7.68 g, 202
mmol) was_added as g4§olution in 200 mL of anhydrous Et20. The reactigngyaseadayes to warm to rt
and stinted"‘%)f@w, "aker which time it was guenched with 7.7 mL water, 7.7 mL of 15% NaOH, and 30
mL of water. The reaction was diluted with 300 m1_, of Et20 and filtered. 15The filtrated was dried
over MgSO4 and filtered and coned to afford (2-am4£ 0-3- fluorophenyOmethanol. '14 NMR (400 MHz,
CDC13) 56.91 (4dtt F=HPE 812, 1.2 Hz, 1 H), 6.86 ?b‘r d, J=7.4 Hz,1 H), 6.64 (td, 17.6, 5.1 Hz, 1 H),
4.69 (s, 1H). 2-Aming-3-fluorobenzaldehyde WQ 2010/151740P 1039942 A-1478
WO-PCT- 50 - (znﬁ\mmz?.%mf?b}86’&@ﬁ@;‘ét&{hdg%%“ﬁiﬁ’t‘?%nﬁmol éjv%%%#sgs%%?e%%%lg mL of DCM.
Manganese dioxite (G615 o765 rotitolh & alissedecdddbe eisanindapss it SRty WasEtirred at rt
overnight. The “?%‘%ffl‘? ”H%ﬁ%ﬂrgdéﬂa%ﬁg%ﬁ%@&m%&%.%@Iﬁ@&ﬁ@ﬂ@ﬁ&ﬁ@ﬂmﬂh&@dgﬁbﬁyﬁItrate was
concd in vacuo to afford’ 52-amino-3- luorobenzaldehyde. 1g1 NMR B4Q[ ,I}/IH \ Césa)nS 991(d,J=2.0
Hz, 1H), 7.32 (deffededgompopst A8 COTRURAAL 1148266, ,”8%5%%,‘1 2.8, 4.7 Hz,
1H), 6.08 (bt S, 2dkskii8rEiRgyRR-MethyilgDinglirfayQetiamones0699@ 0 t0lcttAacetone (4.00 mL,
38.8 mmol) and 2-amino-3-fluorobenzaldeh 4.5 g, \ ingeatutand stirred to
dissolve. To this ESHGH vvt??t;,Tll %ngrgacéaqdi?\lr%%{%%szo%]ﬁﬁg .?%%%%ﬁ%ﬂ%wﬂam mixture was
heated to 60 C f&t@8main} trshetbvath G/isr 15%: THEFchBH WAS cOBEISYHE BNE qfnched with 34

mL of 1N NaOH §p slightinpasis (fkre@)arl voheminarms dssealidprenipitateteanddesitered and
washed with water. The solid was air-dried overnight to affor

1-(8-fluoro-2-methyi§asherials e aating HPRRMRIE 1%??%’88/%955’:11“??8? 9%z, 1H), 7.67
(M, 1H), 7.50 (M At pR AR EndsRii2Eh AH) hitass SpEctuafi¢EST M ifle - 204.1 (M + ).
(E)-1-(8-Fluoro-2-met Il%;:itﬂgg%?;-Aethanone oxime ,

{enera
j i Ar—3nBu, B1 O§ io

7 N O N
N — N
1 T TN I L TR
X P
By = \R Ar /R
A10 B2

Compound A16 (1 eq), aryl-stanmane Bl (1.5 eq) and tetrakistriphenylphosphine
palladium(0) (0.1 eq) were combined and diluted with anhydrous 1,4-dioxane.

15  The mixture was heated to 100 °C until judged complete by LC/MS. The
reaction was cooled to tt, diluted with DCM, and filtered. Concentration and
purification by column chromatography afforded B2.

General Method C:

— c1 j i
0P N o Ar—B(OH), o N o
N Y
Br F PR Ar & R
A1) B2

20 A mixtare of 1,1'-bis(diphenylphosphino)ferrocene-palladium dichloride (0.1 eq),
potassium carbonate (3 eq), boronic acid C1 (1.5 eq), A10 in of DMF was heated



HO N To a round-bottomed flask containing 1-(8-fluoro-2-methylquinolin-3-yl)ethanone (1.5 g, 7.38
mmol) and hydroxylamine hydrochloride (0.338 mL, 8.12 mmol) was added EtOH (75 rriL) and pyridine
(0.662 mL,‘gol%}g@qu)mThe mixture was heated to reflux. After 3 h, the geagtionwaseooled to rt and
the solvent was 25 removed in vacuo. The residue was redissolved in EtOAc and washed with water,
A-1478 WO-PCT sat. CuSO4, and brine. The organic layer was dried over IvigSO4, filtered, and
coned. Purification by column_chromatography affo;i ed (E)-1-(8-fluoro-2- methylquinolin-3-ypethanone
oxime.1.F1 NMR{500 MiYs* Bllso-d6) 8 8.32 (d, =" 15Hz, 1H), 7.80 (m, 1H), 7.55 (m, 2H), 2.70 (s,

3H), 2.22 (s, 3H). (Note: NMR 5only recorded up to 9. m). o w rine _

N-(8-FIuoro-2-m@t&99qLﬁnléﬂﬂ?fﬁﬁ%%%ﬁﬁﬁ%b?\}?&ﬁ‘&tﬁ%g%ﬁ}éqﬁuoar“so(-i et %/c%ai%%lin-B-yDethanOne

oxime (700 mg. &ribisewasiglisséivecdbiaceton¢ioatlonams ddoledweo 06 tis solution was

added p- 10 TSC (612 g, ,21.;m))ollea . N0k (128 s & ymolh .2 i of water
me

The reaction was war o rt and then heated to 70 C for 2 h. The sqglvent was remqved in vacua
and the resultingiofidsendrensibs B i EYOR AN ARSI RE RS A W SSPRAPAY and the organic
layer was washgghwith water, NaHCOS3, and brine. Additional material was recovered by extraction of
15 the aq. layer with 3 x 100 ml_ of EtOAc. The combined organic layers were dried over MgSO4,
filtered, and conEFtTAMIFPRE (8:fluoro-2-methylquinolin-3-y1)- acetamide. 11-1 NMR (500 MHz,
DIVISO-d6) 69.65 (4r S\ 11-1), 8.54 (br s, 1H), 7.71 (dd"l = 7.8, 1.5 HzMH), 7.47 (m, 2H), 2.66 (s, 3H),
2.17 (s, 3H). Mass ctrum (ESI) mie = 219.1 (M + 1). 20 8-F1UOrQI2}-‘MeﬁN/Iquinatn-3-aniine H2N

N-(8-Fluoro-2-methylquinolin-3-yl)acetamide (5f§92mg, 2.66 mmol) wag dissolved in 1M ag. hydrogen

chloride solution €26 L, 26.6 mmol, 10 eq). The regction was heated £ 95[\&'f0!(l 1.5 h and then
cooled to 0 C. The acidl tion was.garefullyy qUg pd-with—38-mL of o pH -10. The
precipitate was filtered, was eq\ ith water, ang efiee Ir vacuum to affoArpI W

Ere

Ar R
D1 D2
B2
o
_ N | CN
SN 0 NH; R‘N NH
N
Y AN .
Ar R Ar R A NN
B2 D1 D2

Compound B2 was slurried in EtOH and ireated with hydrazine hydrate (10 eq).
10  The reaction was heated to 75 °C until determined to have reached completion by
L.C/MS. The reaction was then cooled to tt, diluted with EtOAc, and fltersd.
The filtrate was coned in vacuo, then dissolved in EtOAc / water. The layers were
separated and the organic layer was washed with brine, dried over MgSOy,
filtered, and concd to afford D, Compound D1 was combined with 4-amino-6-
15 chloropyrimidine-3-carbonitrile (1.05 eq) and diisopropylethylamine (1.2 eq) in n-
butanol. The mixture was heated to 115 °C for th, then cooled to rt and filtered.
The solid product was washed with cold EtOH/Et;O and dried to afford final
compounds D2, Additionally, purification by siurrying D2 in hot EtOAc may be

performed.



WO 2010/151740PCINS20101039942 A-1478 WO-PCT- 52 - fluoro-2-methylquinolin-3-amine. 11-1
NMR (500 MHz, DAISO-d 6) 8 7.37 dd (J= 8.3, 1.2 Hz, 1H), 7.27 (td, J = 7.8, 5.1 Hz, IH), 7.17 (d, J =
1.7 Hz, 1H 17.0{? S%‘g&‘ﬁ} =11.5, 7.6, 1.2 Hz, IH), 5.60 (br s, 2H), 2.50 (sp2h:sMagssSpgctrum (ESI)
m/e = 177. 8/?4] 1). 53-Bromo-8-fluoro-2-methylquinoline H2N 8-Fluoro-2-inethylquinolin-3-amine
(200 mg, 0.568 mmol) was dissolved in 1.0 mL of 48% HBr at rt and then cooled to 0 'C. To this
solution was added sodium nitrite (0.027 mL, 0.851 ;jnmol) in 0.5 mL water. After 10 min, the solution
was 10transferreﬁ‘d\/‘}§19p%gft‘éqg a slurry of copper"(ﬁ romide (90 mg, 0.624 mmoll in 0.2 mL I-1Sr at 0
C. The mixture was allowed to warm to rt and monitored by LC/MS for reaction completion. After the
reaction was corﬁﬁ?@f@ WheddSoled back to 0 C and adjusted to pH -9 with IN NaOH (-10 mL). The
resultant solid was filtered and washed with water. After dryi solid was slurried in DCM,
15filtered through a 0.45 um filter,_and coned. Purification by mn chromato- graphy (5% EtOAc in
hexanes) afforded 3-bromo-8-fliorg-2-methylquinoline. 1FI R (800 MHz, DAISO-d6) 88.80 (d, 1=
1.7 Hz, 1H), 7.77 (m, 1H), 7.6 (v, 219), 7.88 (s, 3H). MassSp truth (ESI) m/c = 239.9,241.9 (M +

1). 3-Bromo-2-(bromomethyl)-8-flbQros line Br NBS / AcOH BrB¥®J 0 a round-bottomed flask
containing 3-bromo-8-fluoro-2-methylqui e (90 mg, 0.375 mmgol) was added AcOH (750 u,L)

followed by N-bromo succinirgida g, BR375 mmol). eaction wagheated to 80 C for 1 h and
subsequently cooled to rt and ‘ sOANMLL0f hexanes. 25 The mixture was
shaken vigorously until all solids ha8 dissolved. The organic IayerivT/gsEgvashed with 10 mL of sat.
NaHCO, dried over MgSO4 and filtered. Purification by column chromatography using 3% EA in
hexanes afforded:#agdMQ RO LK FtTAGRGTIMS2010/03994 R 1A 147 BNOPTTuis3clay

and oxone (2.5 ¢q). The mixture was stirred at rt until the reaction was determin-
5 ed complete by LC/MS and then filtered and concd to afford compound E2.
Specific Example: Method A
Synthesis of (2-amino-3-fluorophenylymethanol
F F
HoN HalN
— |
Howﬁ #
0 OH
To a round bottomed flask containing 2-amino-3-fluorobenzoic acid (15.7 g, 101
10 mmol) was added 100 mL of anhydrous THF. The reaction was cooled to 0 °C
and lithium aluminum hydride (7.68 g, 202 mmol) was added as a solution in 200
mL of anhydrous Et;0. The reaction was allowed to warm to 1t and stirrred for
3 b, after which time it was quenched with 7.7 mL. water, 7.7 mL of 15% NaQOH,
and 30 mL of water. The reaction was diluted with 300 mL of Et,O and filtered.
15 The filtrated was dried over MgSO, and filtered and concd to afford (2-amino-3-
fluoropheny!ymethanol. "H NMR (400 MHz, CDCl3) 8 6.91 (ddd, /=10.8,8.2, 1.2
Hz, 1 H), 6.86 (br d, J=7.4 Hz,I H), 6.64 (1d, /=7.6, 5.1 Hz, 1 H), 4.69 (s, 1H).
2-Amino-3-fluorebenzaldehyde

B F
HN HN

OH



desired product 3-bromo-2-(bromomethy1)-8-fluoroquinoline contaminated with 8%
3-bromo-8-fluoro-2-methylquinoline starting material. 1H NMR (500 MHz, CDC13) 8 8.43 (d, 1=1.6
Hz, 1H). 75@029%(5@%47&44 (m, 1H), 4.92 (s_, ZH). Mass Speptrum (ESl)g@lﬁugg%;@ﬂgm+ 1). _
52-((3-8romo-8-tfluoroquinolin-2-y1)methyl)isoindoline-1,3-dione In an oven-dried flask was combined
potassium carbonate (102 mg, 0.737 mmol), phthalimide (108 mg, 0.737 mmol) and
3-bromo-2-(bromomethﬁ)-8-fluoroquinoline (235 mg, 0.737 mmol). The flask was further dried under
high vacuum 0 f6r 508 Qtﬁng purged with N2 before 3 mL of anhydrous DMF was added. The
reaction was stirred at it for 2 h, diluted with Et nd washed 2 x 10 mL water, 1 x 10 mL NaHCO3,
and 1 x 10 mL b s SFRRRe PEDEY R a&ﬂ%@%‘g)eﬁ” %g@@ﬂ, fmgré%bgrtvg d(?%)nnge} t{g'%fford the crude
product. The pradustwas puifieckbyiskudengnin & MlS ofthollih g O#adind end bty back to 0 C.
Filtration of the %éssfﬂgé%p Q %ﬁ&@iy@_sglﬂ%m mbef Ll hexanes-EiNAGiALieaded 24(3-
bromo-8-fluoroquino |n-25-y_O, 1et yBisoindoline-1,3-dione. NMR (500 MHz, CDC13) 8{'.%.37 (d,1=15
Hz, 1H), 7,98 (nihzmzhCriitem, ov pinsabwish @GM - giha {3l opig wosponed /5 vagig B a9 11), 7.22
(ddd, J = 1050, 736,42 Hzpdsidienddidsh2H)! IVRSS-SEeCMAL(ESQINK & B84LY 3800 (M + I).
20Specific Example of Method B; 2-((8-Fluoro-3-(pyridin-2-yl)qujnolin-2-yl)methyl)isoindoline-1,3-dione
WO 2010/151740pC 5201816308 2%@-&7%@/5/5:\2&%%2 SRR Gy
2-43-bromo-8-flyaraosinglin:2 yHmethylpisoindalibe-1,3-dione (100 mg, 0.260 mmol),
2-(tributylstannyl)pyridine (104 ul,. m@gé}l aehigfpakistriphenylphosphine palladium(0) (60.0 mg,
0.052 mmol) Wer}e()éoﬁm (I}I;:]Sé %i“&ﬁﬁ%e with n)%drous 1,4-dioxane (3 mL). The mixture was heated to

100 C for 24 h. The 5reaction was cogled to rt,ﬁilutﬁd with DCM, and fiftered. Concentration and
purification by column chromatagraphy (30-40% in hexa d 2-
((8-fluoro-3-(pyridin-2-yequinolin-2-§4)methyHisoindolige-1,3:digRe, R (500 MHz, CDC13) 6
8.76 (m, 1H), 7.93 (m, 2H), 7.87 7.2, 2.0 Hz, 1H), 7.75(m, 2H), 7.65 (d,7.8 Hz. 1H), 7.60 (d, J
=7.8Hz, 1H), 7.41 (td, J = 7.8,

O

10  Acetylacetone (4.00 mL, 38.8 mmol) and 2-amino-3-fluorobenzaldehyde 4.5,
32.3 mmol) were combined at rt and stirred to dissofve. To this solution was
added aq. IN HCI1 (32.3 mL, 32.3 mmol) and the resultant mixture was heated to
60 °C for 20 min, then to 90 °C for 1 h. The reaction was cooled to rt and
quenched with 34 mL of 1N NaOH fo slightly basic (pH ~ 8). A voluminous

15  solid precipitated and was filtered and washed with water. The solid was air-dried
overnight to afford 1-(8-fluoro-2-methylquinolin-3-yl)ethanone. 'H NMR (400
MHz, CDCI5) 8§ 8.47 (d, J = 1.6Hz, 1H), 7.67 (m, 1H), 7.50 (m, 2H), 2.95 (s, 3H),
2.72 (s, 3H). Mass Spectrum (EST) m/e = 204.1 (M + 1).

(E)-1-(8-Fluoro-2-methylguinolin-3-yhethanone oxime

20 © HO”
To a round-bottomed flask containing 1-(8-fluoro-2-methylquinolin-3-yljethanone
(1.5 g, 7.38 mmol) and hydroxylamine hydrochloride (0.338 mL, 8.12 mmol} was
added EtOH (75 mL) and pyridine (0.662 mkL, 8.12 mmol). The mixture was
heated to reflux. After 3 h, the reaction was cooled to rt and the solvent was

25 removed in vacuo. The residuc was redissolved in EtOAc and washed with water,



104.6 Hz, 1H), 7.36 (dd, - 7.6, 4.9 Hz, 1H). 7.26 (dd, = 10.3, 7.6 Hz, IH), 5.44 (s, 2H). Mass Spectrum
(EST) m/e = 384.1 (M + 1). Specific example of Method C.
2-((8-Fluoro;3- he/nyl inolin-2-371)methyDisoindoline-1,3-dione 15A mpdure@fozovsz
1,1'-bis(dipﬁé)nﬁbqﬁ%ég‘ﬁino)ferrocene-PaIIadium dichloride (21.20 mg, 0.026 mmol, 0.1 eq), potassium
carbonate (108 mg, 0.779 mmol, 3 eq), phenylboronic acid (47.5 mg, 0.389 mmol, 1.5 eq),
243-bromo-8-fluoroquinolin2-yOmethyl)isoindoline-1,3-dione (100 mg, 0.260 mmol, 1 eq) in 3 mL of
DMF was heated s 108'E€-ider a nitrogen atmoéﬁ ere. After 3 h, the reaction was 20determined to
be complete by LC/MS. After cooling to rt, the reaction was di ith E nd washed with
NaHCO3, watersdn{ iite & rg}%grqlc? %&3?%2? Ariec (C)%lg(rgléﬂgg%w,gg%éﬁ%?gﬁd%%vned. Purification
by column chroratalraptifi (259 EAdumaxdnesywisisuasiecdudiol 35 Regainolin-2-
yHmethyl)isoindoline-1,3-dione. ; . BMSd. 92 481,(4.89 (m, 2H), 7.74
(m, 2H), 7.57 (dfa@:ﬂga‘ﬁf%ﬁ’lﬂﬁ%%%ﬁ’g s%%@%@%i@(ﬂfﬁf%ﬁf9 i ), 7.23 (m, 1H),
5.12 (s, 2H). Mass Spectilim?(ESyrrid)= 283 Rk 17 0WS Bd foit 51 40 1915536 0/039942
A-1478 WO:PCT55- Spgcifie, Examplgyef Method D:
(8-Fluoro-3-(pyridin-z-ngquinoIin-Z-QmeﬂTa aggnetynlﬁge To an 83 mg portion of
2-((8-fluoro-3-(pyMErE B g5 G MBS B HERH 1!

F

F
s
N
/U\H =

(E)-1-(8-fluoro-2-methyiquinolin-3-yl)ethanone oxime (700 mg, 3.21 mmol) was

HO™

dissolved in acetone {10 mL) and cooled to 0 °C. To this solution was added p-

10 TsCl(612 mg, 3.21 mmol) followed by NaOH (128 mg, 3.21 mmol) in 3.2 mL of
water. The reaction was warmed to rt and then heated to 70 °C for 2 h. The
solvent was removed in vacuo and the resulting solids were dissolved in EtOAc
and water. The layers were separated and the organic layer was washed with
water, NaHCOs, and brine. Additional material was recovered by extraction of

15 the aq. layer with 3 x 100 mL of EtOAc. The combined organic layers were dried
over MgSOy, filtered, and coned to afford N-(§-fluoro-2-methylguinolin-3-y1)-
acetamide. 'H NMR (500 MHz, DMS0-d6) 8 9.65 (br s, 1EH), 8.54 (br s, 1H),
771 (dd, J=7.8, 1.5 Hz, 1H), 7.47 (m, 2H), 2.66 (s, 3H). 2.17 (s, 3H). Mass
Spectrum (ESD m/e = 219.1 (M + 1).

20  8-Fiuore-2-methylguinelin-3-amine

F F
o Ny Ny
/LL | = T | e
N HoN
H

N-(8-Fluoro-2-methylquinolin-3-yljacetamide (5 80 mg, 2.66 mmol) was
dissolved in 1M aq. hydrogen chioride solution (26 mL, 26.6 mmol, 10 eq). The
reaction was heated to 95 °C for 1.5 h and then cooled to 0 °C. The acidic

55 reaction was carefully quenched with ~30 mL of INNaOH to pH ~10. The

precipitate was filtered, washed with water, and dried under vacuum to afford 8-



5indolinc-1,3-dione (0.216 mmol) was added 4 rnL EtOH at 75 C. To this slurry was added hydrazine,
monohydrate (105 ttL, 2.165 mmol). After 2 h, the reaction was diluted with EtOAc, filtered, and concd

in vacuo. T{]V rz%%% .7\4\{}?3 dis_solved in EtQAc / vyater with heating and sppigatianeéiyegrganic layer
was separated and washed with water, brine, dried over MgSO4, filtered, and coned in vacuo. 10 The

(8-fluoro-3-(pyridin-2-yOquinolin-2-yOmethanamlne was thus obtained was used without further

purification. IH NMR (500 MHz, CDCI3) 88.78 (d,1=.4.4 Hz, 1H), 8.21 (s, | H), 7.86 (td, 1= 7.8, 1.2 Hz
1H), 7.65 (d,1= 81493 WAS 57 (d,1= 8.1 Hz, 1h)7749 (td, J= 7.8, 4.9 Hz, 1H), 7.37 (dd, | = 7.6, 4.9

Hz, 1H), 4.20 (s, 2H), 2.00 Hz, hr s, 2H). Mass L .
Preparation of _nﬁ&_%ﬁ%ﬂré?@@‘@%@%Bﬁ@ﬂ%qﬁiﬁﬁéﬁ{r{%ﬁ%ﬁ% %BOS?%%U%7+§%;%%"§GE xample 1.
rzn,tz-[iucih|or)0_qunTnﬁbmé&-ﬂbp)erG.acggtdﬁammmmal THEITTO &dedld $Glutionidk diffopropylamine (2.2
s ot s egk drapswi iap af i (1. ine
P inag 20adderlrapiae.a-spluiap of SefuldLL dreardoM, 62 mid) in

hexgpe at -20 C."Theresul was kept in O C for 30 min and cooled to -78 C before
addition of a sol(kish vf2;5ldichidroquinoline (J. Am. Chem. Soc. 2005, 127, 12657) (2.8 g, 14 mmol)

in THF (14 gL) drapswiss-fherielprialugamasmeontrolled below -72 'V by adjusting the addition rate
(15 min). After another 5 WO 2(1101151740PCT1US20101039942-A-1478 WO-PCT- 56 -, trimethyl

borate (2.4 mL, 1.5 eq) was added drop-wise;After 30 min the,
N
HN x Br

8-Fluoro-2-methylquinolin-3-amine (100 mg, 0.568 mmol) was dissolved in 1.0
mL of 48% HBr at 1t and then cooled to 0 °C. To this solution was added sodium
nitrite (0.027 mL, 0.851 mmol) in 0.5 mL water. After 10 min, the solution was

10  transferred via pipette to a shurry of copper(l) bromide (90 mg, 0.624 mmol) in 0.2
mL HBr at 0 °C. The mixture was allowed to warm to rt and monitored by
LC/MS for reaction completion. After the reaction was complete, it was cooled
back to 0 °C and adjusted to pH ~9 with IN NaOH (~10 mL). The resultant solid
was filtered and washed with water. After drying, the solid was slurried in DCM,

15 filiered through a 0.45 um filter, and coned. Purification by column chromato-
graphy (5% EtOAc in hexanes) afforded 3-bromo-8-fluoro-2-methyiquinoline. 'H
NMR (500 MHz, DMSO-d6) § 8.80 (d, J= 1.7 Hz, 1H), 7.77 (m, 1H), 7.60 (i,
2H), 7.88 (s, 3H). Mass Spectrum (ESI) m/e = 239.9, 241.9 (M~ 1.

3-Bromo-2-(bromomethyl)-8-fluoroquinoline

= Br F
N NBS / AcOH N
i R _— [ ~
87 % P

To a round-bottomed flask containing 3-bromo-8-fluero-2-methylquinoline (90
mg, 0.375 mmot) was added AcOH (750 pL) followed by N-bromo succinimide
(66.7 mg, 0.375 mmol). The reaction was heated to 80 °C for 1 h and
subsequently cooled to rt and difuted with 10 mL water and 50 mL of hexanes.
25 The mixture was shaken vigorously until alt solids had dissolved. The organic
layer was washed with 10 mL of sat. NaHCOs, dried over MgSQy and filtered.

Purification by column chromatography using 3% EA in hexanes afforded the



reaction was quenched with water, acidified to pH 4 and partitioned between EtOAc (50 mL) and water
(100 mL). The combined organics were washed with water, brine, dried over Na2SO4. Removal of
solvent gavg. a &%%yﬁ%gw solid 5 which was washed with Et0Ac (10 mLpe2)foliougdmith hexane (10
mL). A pale yellow solid was obtained. 1H-NMR (500 MHz, CDCE) 8 9.24 (s, 1 H),7.98 (d, J=5.0 Hz, 1
H), 7.74 (t, J=8.0 Hz, 1 H), 7.69 (d, J=8.0 Hz, 1 H) Mass Spectrum (ESI) mie = 242 (M+1). 2,
5-Dichloro-3-(3-fluorophenyQquinollne 10 A mix% re of 2,5-diehloroquinolin-3-ylboron c acid (1.6 g,
7.3 mmol), 1-fludtol%! &ﬁ@éﬁﬁene (0.89 mL, 1.1 eY), Na2CO3 (2.1 g, 3 eq), Pd(PPh3)4 (0.38 g, 3%),
MeCN (60 mL) and w te.ré‘%20 r%Was heated to 85 .Cunder N2 overnight, The mixtyre was cooled to
and partitioned BERRFESR! B‘,‘At\g] g Wé%‘e@r 8%?93?%@ gogggfgﬁ%Ylv%%gg Sadri |8§%?§r? %{é column
chromatography®h Sicangei-DEMhexdndgtindits sivarngpedteyalion 30HR (FRANIRZ(400 Hz, CDC13)
8 8.43-8.47 (m, 7.8857.90,(m,_ 7l . . , )14k (SehHYMass Spectrum
5-Ch|oro-3-(3-f|u%élir?)%1gr???é%@?ﬁ?ﬁn%%%éﬁ%%i%é@ ’?ﬂr%yfxzti?rﬁ@’ ZM} TS
5-dichloro-3-(3-fmrephedyHhuireling 600yl 2.1 mmol), tributyl(vinyl)stannane (1.2 mL, 2.0 eq) and
Pd(PPh3)4 €119 M. B mes-ieidnnstil mnarneaeddarefipcuoger N2 for 4 h before cooling
to rt The reaction mixture was coned and purified_hy column chromatography on silica gel
25(Et0Acthexane, 1/8) to give an off white soIi ixture of this solid (230 mg, 0.81 mmol) and
catalytic amount of 0504 in acetone (5 mL) and @ater (2 mL)wds treated with
N-methylmorpholineoxide (351 mg, 3.7 ecp. dhve. res ttjngg A (;50/151740PCTOLI820 0/039942
A-1478 WO-PCT-57 - mixture was sti\r]red at rt for2 h. The reaction wa$ partitioned between EtOAc (20
mL) and water (10 mL) The organiyfa ere—washed with g ater, brine and dried over
Na2S04. A solution of the abovgr igge iprTHE (10 mL) and e ) was treated with Na104
(520 mg, 3 eq) followed with catalytic 5 amount of 0s04 Afterivork up, the reaction mixture was
purified by colunia ghemateghpink o givendinbitesalitur MR (400 Midz0 CH 1898, 10.20 (s, 1 H),

851 (14, 8,190 400 H b0 O8GRI (e 3 T AhShif, 08Tl (. . s

Spectrum (EST) m . .
quinoline (235 mg, 0.737 mmol). The flask was further dried under high vacuum

10 for 30 min, then purged with N, before 3 mL of anhydrous DMF was added. The
reaction was stirred at rt for 2 h, diluted with EtOAc and washed 2 x 10 mL water,
1 x 10 mL NaHCQs, and 1 x 10 mL brine. The organic layer was dried over
MgS0y, filtered and coned to afford the crude product. The product was purified
by slurring in 3 mL of boiling EtOAc and cooling back to 0 °C. Filtration of the

15  solid product and washing with 6 mL of 1:1 hexanes: EtOAc afforded 2-((3-
bromo-8-fluoroquinolin-2-yDmethyl)soindoline-1,3-dione. 'H NMR (500 MHz,
CDCls) 8 8.37 (d, J= 1.5 Hz, 1H), 7.98 (m, 2H), 7.77 (m, 2H), 7.49 (br d, /= 8.3
Hz, 1H), 742 (td, J= 7.8, 4.6 Hz, 1H), 7.22 (ddd, J = 10.0, 7.6, 1.2 Hz, 1H), 5.27
(s, 2H). Mass Spectrum (EST) m/e = 384.9, 387.0 (M + 1).

20  Specific Example of Method B:
2-((8-Fluoro-3-(pyridin-2-yhquinolin-2-yhmethylisoindoline-1,3-dione

@*SnBua
=N o
vy T “
» |
o
Br & =



N-((5-Chlore-3-(3-fluorophenyl)quinolin-2-34)methyl)-911-purin-6-amine 10 NH2 CI CICI To a solution
of 5-chloro-3-(3-fluorophenyOquinoline-2-carbaldehyde (100 mg, 0.35 mmol) in THF (3 mL) at 0 "C

was added&lﬁ%mgf é%%r(}::g, 1.5 eq) in one portion. The reaction mixture wasgthengtissegat 0 C for 2 h
before quenching i ith water. The mixture was extracted with EtOAc (100 mL x 2), and combined

organics were washed with water, brine and dried over Na2S0O4. Removal of solvents followed with

column chromatogragh%tOAc/hexane,1/3) gave g ZY\/_hite solid. A solution of the above material in
DCM (3 mL) wadtddied With-doc12 (0.13 ml, 5 eq) at rt. Removal of solvents and treatment with ag.

NaHCO3 gave a 20pale yellow solid (80.mg). The above solid was 1 ith th assium salt of
phthalimide (65 %18§d’§§¥1%§1gﬁ‘ﬁ1°@’|§5f§%1% )1-[3%3;? @r)rfﬁ@ atgg?’évggo%a%gglegg?n?’d ?h%?esulted solid
was filtered and mashed-Githuyitenty!givadinghl®dsdid) A Arvanre srdmEwHtErsI (105 mg, 0.25

mmol) and hydragng, 0,070 kAR PR FIOT (Mt beatsslinee i rhader coolng to
tered,

the mixture was washed with EtOAc and worked up. Removal of s%llvené[ ave a yellow
A-1478 WO-PCRas@ousill friierenms tidate At RIS BGFE &g 1% w45 nilig's base (0.088

mL, 2 ay in BUOEL{1:8/mlk absefies. Aftancaok o mche selidivest filterednwasheshwith EtOH and dried
under vacuum, which gave N-ft5-chloro-3-(3-

fluorophenyl)quiRSHii Wé’tﬁ%‘}%%ﬁ?ﬁﬁ-%’%ﬁ%%gﬂﬂq% uﬁ@%&i‘ V—F%,a%es I\‘/alg%dcei% 2_5 12.96 (s, 1H),
8.33 (s,11-1), 8.1&(Apdrtp-§06d(0- 23D @10 ¢im- 14 yntiad)isoigd@iing H;dr99-7BAME 2 H), 7.47(d, J
=8.0 Hz, 1 H), 7,33.(t,.J.= JoH), 4.92.(s, 2.k up(ESH dnie, = 495 (M + 1).
Example 2: Prepgr%({i%%]{gf ﬁlgégi]gg%cﬁor%égégﬁgghé%?lﬁeri%%ﬁnﬁni I)ethyl)lg?—l-purin-G-amine,
and Example 3: RURRL2ExChiSroia/(37 £ OfudFbp ARy e)-ftinG 12 3R dethy 1-9A-plirin-6 amine

10 4.6Hz, 1H), 7.36 (dd, J= 7.6, 4.9 Hz, 1H), 7.26 (dd, J = 103, 7.6 Hz, 1H), 5.44

(s, 2H). Mass Spectrum (ESI) m/e = 384.1 (M + 1),
Specific exampie of Method C.
2-{(8uFiu0r0—3~phenquuinolin—Z—yi)methyi)isoindoline—i,3-dione

Hf@ N0 F
o7 N O F N
ERSEE——————
N 9@
B 7
Br & O

15 A mixtare of 1,1-bis{(diphenylphosphino)ferrocene-palladium dichloride (21 20
mg, 0.026 mmol, 0.1 eq), potassium carbonate (108 mg, 0.779 mmol, 3 eq),
phenylboronic acid (47.5 mg, 0.389 mmol, 1.5 eq), 2-((3-bromo-8-fluoroquinolin-
2-yDmethyl)isoindoline-1,3-dione (100 mg, 0.260 mmol, 1 eq) in 3 mL of DMF
was heated to 100 °C under a nitrogen atmosphere.  After 3 h, the reaction was

20  determined to be complete by LC/MS. After cooling to rt, the reaction was
diluted with EtOAc and washed with NaHCQs, water and brine. The organic
layer was dried over MgSQ,, filtered and concd. Purification by column
chromatography (25% EA in hexanes) afforded 2-{(8~fluoro-3-phenylquinolin-2-
yymethy]isoindoline-1,3-dione. 'H NMR (500 MHz, CDCl3) § 8.00 (¢, J =

25 1.5Hz, 1H), 7.89 (m, 2H), 7.74 (m, 2H), 7.57 (d,.J= 8.3 Hz, 1H), 7.55-7.43 (series
of m, SH), 741 (td, /= 8.1, 4.9 Hz, 1H), 7.23 (m, 1H), 5.12 (s, 2H). Mass
Spectrum (EST) m/e = 383.0 (M + 1).



CICI To a solution of 5-chloro-3-(3-fluorophenyl)quinOline-2-carb3ldehyde (80 mg, 0.28 mmol) in THF
(2 mL) at OC was slowly added MeMgBr(1.2 eq, 0.11 mL). 15The reaction mixture was stirred at OC for
3hr. After r o%qiﬁglsﬂ[;vent, the residue was triturated with water and 7pcmgoiudepsegduct was
obtained. To asolution of 1-(5-chloro-3-(3-fluorophenyl)quinolin-2-yBethanol (70 mg, 0.23 mmol) in
THF (2 mL) were added PP1-6 (73 mg, 1.2 eq), phthalimide (41 mg, 1.2 eq), and DIAD (56 mg, 1.2
eq). The reaction mixture was stirred at rt for 2 h. LG- 20MS detected clear product peak. After
removal of solve%’[,l‘?ﬁé %Qrggéfwas partitioned between EtOAc and water, and the combined organic

layers were drie oﬁvgﬁ2804 ﬁ%& t&eg; val of solvent, the crude residue was subjected to WO
2010/151740P @8@590 1478 WO-PCT- 59 - combi-flash chromatography and 81 mg

desired product (Seinbtaihépyaiin@ad)quinolin-2-yl)methanamine
chloro-3-(3-fluorophenyl)quinojr=g-yOmethyDisoindoline-1,3-dione. A solution of this material (81 mg,
0.19 mmol) and hydrazine (60 10 eq) in 2 mL EtOH was heated to 90C for 3 h. LC-MS detected
clear product peak. After the ug 5 ag. quench, 50 mg of the desired product was obtained. A

et , 0.17 mmol),
&{OH (2 inL) was heated to
: gnch, the crude residue
hy 10 (MeOH/DCM,[0- 50 mg solid was obtained as
PA/90% Hexanes, 45 mins) gave
N((5)-1-(5-chloro-3-(3-fluorophenyl)quinolin-2-yDeth34)-9H-purin-6-amine, as a white solid, and
N4R)-1-(5-ch|oro’fg-@ﬁﬁ;mms‘éﬁ@/9?-&1&{?%&Wz‘l§4§@fﬁ9}¥§ﬁﬂ)&ﬂﬂ}?@%ﬁ?&el‘—%’ Enantiomer:
1H-NMR ((5@0 H%)yl&li-?ﬁp_ﬁ),k.%i(% d.%)ﬂslfﬁm%m«ass&gdm %a@ﬂ)i@lﬂa%(’&ﬁ(ﬁzfa thi sztjuﬁxsf-7.57 (m, 2 H)),
7.44-7.40(m, 2 H), 7.29-7.26 (m, 2 H), 7.11 (t, 3= 8.0 Hz , 9. 0L (S .1.41(d, 3=8.0Hz, 3H),
Mass Spectrum (E5513d¢5d ByARgipe Ronol Fﬁéh%%n?e]}'%ﬁl}mﬁR‘%éﬁg%z,t%[ﬂ%ﬁgs)%&ﬂ (s,1 H),
8.19 (s, 1 H), 8.134ddil 78 it £ D M), MERd. T (mn@ HY, %:87-7 BR (midug)y ey @3589 (m, 2 H), 7.24
b o e & ARG LD AR RS I MAshiORREIVAL (ERiklak = 419 (M + ).

Example 4: Preparation of 1-( luoro- -(5-f1uor0@ridin-3-y)qumolln-z-_
ypethyl)-3-iodo- 14k pyasied Yol wasipyinfd Aned aifingz {6 RHF50- 82AaRs <y Guitisith-2-yliethan one
CICI-SO 15 The (8-fluoro-3-(pyridin-2-yDquinolin-2-y ymethanamine was thus obtained was

used without further purification. 'H NMR (500 MHz, CDCl3) 8 8.78 (d, J= 4.4
Hz, 1H), 8.21 (s, 1H), 7.86 (1d, /= 7.8, 1.2 Hz, 1H), 7.65 (d. /= 8.1 Hz, 1H), 7.57
(d,J=8.1 Hz, 1h), 7.49 (td,J = 7.8, 49 Hz, 1H), 7.37 (dd, /= 7.6,4.9 Hz, 1H),
4.20 (s, 2H), 2.00 Hz, br s, 2H). Mass Spectrum (ESI) m/e=2541(M+1).

15  Example 1: Preparation of N-{(3-chiore-3-(3-fluorophenyl)quineiin-2-yl}-

u

Y,

6-chloro-9Hpurine (31 mg, 1.2 eq) apd Hunig's-hase (0.038 mL, 1
90 C overnight. LC-MS detected altled

methyl)-9H-purin-6-amine
2,5-Dichloroquinolin-3-ylberonic acid

cl N Ct N\ e

» i | N
= (HO).B
al Cl
To a cold solution of diisopropylamine (2.2 mL, 1.1 eq) in THF (33 mL) was
20  added drop-wise a solution of n-BuLi (1.1 eq, 2.5M, 6.2 ml.) in hexanc at -20 °C.

The resulted LDA solution was kept in 0 °C for 30 min and cooled to -78 °C

before addition of a solution of 2,5-dichioroquinoline (J. Am. Chem. Soc. 20035,
127, 12637) (2.8 g, 14 mmo}) in THF (14 mL) drop-wise. The temperature was
controlled below =72 °C by adjusting the addition rate (15 min). After another 5



Nto 25To 5-fluoro-2-nitrobenzoic acid (10.0 g, 54 mmol) was added SOCI2 (20 mL, 54 mmol). The
resultant mixture was heated at 80 C for 2 h. After cooling to it, the extra SOC12 was evaporated. The
resulting acid chloride yyas dissolved in Et20 (20 mL). To magnesium methpxige(dikssdz, 10% Wt, 54
mmol), perWa(?12e{1§),ﬂ91&|one (6 rut, 59 mmol) in Et20 (15 mL) was added drop-wise at rt. After stirring
WO 2010/151740PCT/US2010/039942 A-1478 WO-PCT-60 - at 40 C for 2 h, the mixture was coned
and diluted with Et20, cooled at 0 C, and the acid cggoride solution in Et20 (20 mL) was added
drop-wise into tHes HABG VO T resultant reaction Rikiure was then heated to reflux for 30 mm. After
cooling to rt the mixture was oure&i to jce-water (10 mL) containing ), Sextracted with
Et20 , washed vﬁﬁ’?mhﬁhﬁ%ﬁaffr 7(? gﬁfé‘ %t;%eeati aﬁi‘é@%@l@ﬁ%ﬁﬁe@ 'iﬁ%e{\érﬁegijgi%% e
3-(5-fluoro-2-nitrebenzoyysppatahed 2yt dione, Mab§ Spectlfre Sayitrned WM + 1), A mixture of
potassium hydraxge (160 il 20%: 58 e At 3debiavecisiiioheszaybpentate 2 4-dione
(13.75 g, crude) was heated to reflux for 1 h. A terv%ﬁog,r\_l}%ltto rt, it was Iqeugﬁéiz%g)hadwd 10acidified with
conc. HC1 to pHBteaxbrarted iRV ETORES WaSREW Vlith WA e “diied’ and coned, which gave
crude 1-(6-fluorasBiky draxyagtieolingR Eydiathéonk. 1H-NWR ¢CR1 3 xaac 220503, 8.00 (dd, "J=
8.5,5.0 Hz, 1 H), 7.51 (s, 1H), 7.30-7.22 (m, I¥ 8@@ : _ (E$Shdu/e = 205.9 (M+
1). 152-Acetyl-6Hor5HbHS |1r¥‘-¥3‘¥§?l({wﬁhn0?0n%e g@ﬁe u o%%i?é)" leé%ﬁ%%gﬁml Rl

(d, J=5.0 Hz, 1 H), 7.74 (t, J=8.0 Hz, 1 H), 7.69 (d, J=8.0 Hz, | H) Mass

Spectrum (ESI) m/e = 242 (M+1).
2, 5-Dichloro-3-(3-fluorephenyl)quinoline

Ci N

B -

(HORB
10 Cl
A mixture of 2,5-dichloroquinolin-3-ylboronic acid (1.6 g, 7.3 mmol), 1-fluoro-3-

iodobenzene (0.89 mL, 1.1 eq), NaCO3 (2.1 g, 3 eq), Pd(PPhs): (0.38 g, 3%,
MeCN (60 mL) and water (20 mL) was heated to 85 °C under N, overnight. The
mixture was cooled to tt and partitioned between EtOAc and water. The organic
15 residue was purification by column chromatography on silica gel (DCM/hexane,
1/1) to give a pale yellow solid. TH-NMR (400 Hz, CDCls) § 8.43-8.47 (m, 2H),
7.88-7.90 (m, 1H), 7.57-7.59 (m, 3H), 7.44 (s, 1H), 741 (s, 1H). Mass Spectrum
(ESHm/c =292 (M +1).
5-Chloro-3-(3-fluorophenylyquinoline-2-carbaldehyde

Cin Ny AN OHC. Ny,
N - — Nz I~ — F | /
o ] Ci l\ i Ci O i

A mixture of 2, 5-dichloro-3-(3-fluorophenyl)quinoline (600 mg, 2.1 mmol),
tributyl(vinyl)stannane (1.2 mL, 2.0 eq) and Pd(PPhs)s (119 mg, 0.05 eq) n

dioxane (10 mL) was heated to reflux under Nz for 4 h before cooling to 1t The

20

reaction mixture was concd and purified by column chromatography on silica gel
25 (EtOAc/hexane, 1/8) to give an off white solid. A mixture of this solid (230 mg,
0.%1 mmol) and catalytic amount of OsO4 in acetone (5 mk.) and water (2 mL)

was treated with N-methylmorpholincoxide (351 mg, 3.7 eq). The resulting



To a solution of 1-(6-fluoro-3-hydroxyquinolin-2-yDethanone (1.06g, 5.2mmo ) in DCM (40 mL),
pyridine (0.51 mL, 62mmol) and trifluoromethanesulfonie anhydride (1.0 mL, 6.2mmol) were added.
The resultant mixture was stirred at rt 20for 4 h, diluted with DMC, washggwithiwglessarine, dried and
coned. PurtiatioR 6f theé residue by flash chromatography over silica gel, gradient elution, 0-25%
EtOAe in hexane, gave 2-acetyl-6-fluoroquinolin-3-y1 trifluoromethanesulfonatc. 'H-NMR (DMSO-d6)
88.76 (s, 1 H), 8.35 %Ein J=85,5.0Hz | H), 8.08 (5dd, = 8.5, 5.0 Hz, I H), 7.98-7.93 (m, 2 H), 2.80 (s,
3 H). Mass 25SpetftihES) mie = 337.8 (M + 1)77 -
1-(6-Fluoro-3-(5-fluoropyridin-3-yDquinolin-2-ypethanone WO .2010(151740R 10/039942
A-1478 WO-PCTLE}E R’?ﬁé&ﬂ?g 8?%-%6%12-@{%%? NG Frﬁé‘-‘;l/ﬁ?u J{cg?g%ﬁg‘iﬁgﬁgélﬁ nate (561mg,
1.66 minol), 5-fluerppytidint3-yib onbinid bl (268 nygrs1v8Bmabh bisliilabuyphe&phine)palladium (0)

(85 mg, 166 umal), cesium, fuorida (758 Mg« 39:mprok angcapnerd) orine (631mga&B3 umol) in
DME (10 mL) was i}11eate at 5100C for 3 h, and then cooled to rt, and mt%f%ﬁa;[he filtrates were

collected washetratat ErAc s F ool B ORPatior 3Fehe Fa5IALEYST fiddhBHiSHSate- graphy over
silica gel, gradiegt,glifion (REOXFEIQAs R exaracf@Vvaiki(fe was purified by column

A T L

1-(6-fluoro-3-(5-flapEopyridinH3:¥Og i ek RHpathBNoNE-{300(BAY) 1 55 mnah, FTHF (20 mL) and

sodium borohydgq}?_(ﬂsr@%, }@5@[5@\, ) were %gﬁe{% for24y Mg;??action mixure was then filtered
15celiterm’an

through a pad of rinsed with EtOAc, evaporation of the solvent, and Eurification of
N-((5-Chloro-3-(3-fluorophenyljquinolin- -yDmethyl)-9H-purin-6-amin

OHC._-N HO N ol | N\
e R O P
Ci O Ci

To a solution of 5-chloro-3-(3-fluorophenyl)quinoline-2-carbaldehyde (100 mg,
0.35 mmo!} in THF (3 mL) at 0 °C was added NaBH, (20 mg, 1.5 eq) in one
portion. The reaction mixture was then stirred at 0 °C for 2 h before quenching

15 with water. The mixture was extracted with EtOAc (100 mL x 2), and combined
organics were washed with water, brine and dried over Na;S$04. Removal of
soivents followed with column chromatography (EtOAc/hexane,1/3) gave a white
solid. A solution of the above material in DCM (3 mL) was treated with SOCly
(0.13 mL, 5 eq) at rt. Removal of solvents and treatment with aq. NaHCO; gave a

20  pale yellow solid (80 mg). The above solid was treated with the potassium salt of
phthalimide (65 mg, 0.35 mmol) in DMF (1 mL) at 1t for 2 h. Water was added
and the resuited solid was filtered and washed with water to give a white solid. A
mixture of this white solid (105 mg, 0.25 mmol) and hydrazine (0.079 mL, 10 eq)
in EtOH (2 mL) was heated to reflux for 2 h. After cooling to rt, the mixture was

25 filtered, washed with EtOAc and worked up. Removal of solvent gave a yellow



the residue by flash chromatography over silica gel, gradient elution, 0-100% EtOAc in hexane, gave
1-(6-fluoro-3-(5-fluoropyridin-3-yl)quinolin-2-yt)ethanOl. 'H-NMR (CDC13) 8 8.53 (d, - 5.0 Hz, 1 H), 8.44
(br, 1 H), %&éﬁ%?iﬁu5’5-0 Hz, 1 H), 7.92 (s, 1 H), 7.53-7.46 (m, 1 H) pC/Bs24@ (39042 H), 5.06 (q, J=
5.0 20Hz, 1 H), 1.15 (d, J= 5.0 Hz, 3 H). Mass Spectrum (ESI) m/e = 286.9 (M + 1).
2-0-Chloroethyl)-6-fluoro-3-(5-fluoropyridin-3-yOquinoline WO 2010/151740PCT/US2010/039942

A-1478 WO-PCT-%? - g/%)%glo mL). After the addifjon, the mixture was stirred at rt for 2 h. The
solution was cofié Zl% ilated with Et20 (20 mL). The Et20 solution was washed with water, brine,
dried and coned. Purification,of the residu F tograpNy.QVes silicamedsusing 10% EtOAC
in Hex, gave 2-Cic 6?%—“é‘lestﬁfxf')%é?-??&@r%@%#%%&%ﬁ%-ypéc?;}?noljn%, 1 Q—EM érz (CDC13) .8 8.54
(d, J = 2.0 Hz, nH), B:40igsBa0E) (Baakaat Uﬂihe’?sfs%*%fﬁ%?‘fw; 30 Wi 165: 7 57 (m, 1 H),
7.51-7.46 (M, | ), 7 AQ 7365 drtd)irBod L(brIm@htiztilchl patedS-(6F-driG0H2; 3 H). Mass
Spectrum (ESI) m/e = 304.9

(M +.1). ‘ . amine. 'H- .
1-(1-(6-Fluoro-3%‘?%’8?8?59"18%9&5)3%}%}&%eéli’i‘ﬁ]-)ég-fé]i]ililé‘ﬁ%9Tf-3-?8&1o}:}ffMR (100 He
10pyrazolor3, 4-gipsaimidirs 42a9dine ML 8. To(a S61Lsion of 3-50dd AHbyraZdldf3:4dlPyrimidin-4-amine
(129 mg, 496 umal) in F( e di yelri % dispessigniia gineral oil, 20 mg,
e Vo Tt R A Pl o 10 T 1t

496 umol) at 0 C? n stirred at rt for 10 min. To 15 the mixture was added a
solution of 2-(1-thiotdtnif26Had1d- BlssfnstsPYrERB-F5quitSINE [2531.0 mg, 496 umol) in DMF (1

mL) and the mixﬁyﬁ,\(#@éﬁtﬂ%ﬂsﬁ%ﬁoﬁ@E)QﬂJ((SThe(ﬁnJ:Xﬁurﬁms-ﬁihammnlyﬂ‘f;@m.olﬁhe?-residue was
triturated with Et20, after filtration, which ;a

vel- : .
- (6-fluoro-3-(5-f BRSPS H-BY S GABIA -@?L?e]%ﬁlﬁ‘f§!?o%osiw}ﬁg}régbﬁgl[%fzi?a-](gyrimidin-4-amine.
1H-NMR (BMSQra)opias 358 2ditrd- 28 0@ur 6 A0S, | H), 7.97 (S, | H), 7.84-7.76 (m, 2

H), 7.64-7.58 (m, 1 H), 6.49 (q, J=5.0 Hz, 1 H), 1.86 (d,J 5.0 Hz, 3 H). Ma ectrum (EST) mie =
530.0 (M 1).

. Cl

To a solution of S—Chloro—B«(3-ﬂuorophenyi)quinoiine~2—carbaidehyde (R0 mg,
0.28 mmol) in THF (2 mL) at 0°C was slowly added MeMgBr(1.2 eq, 0.11 ml.).
15 The reaction mixture was stirred at 0°C for 3hr. After removal of solvent, the
residue was triturated with water and 70 mg crude product was obtained. To a
solution of }-(_5—0%1101'0—3—(3~ﬁuorophenyl)quinoiin-2—y1)c-:thanol (70 mg, 0.23
mmol) in THF (2 mL) were added PPhs (73 mg, 1.2 eq), phthalimide (41 mg, 1.2
eq), and DIAD (56 mg, 1.2 eq). The reaction mixture was stirred at rt for 2 h. LC-
50 MS detected clear product peak. After removal of solvent, the residue was
partitioned between EtOAc and water, and the combined organic layers were

dried over Na,SO4 After removal of solvent, the crude residue was subjected to



A-1478 WO-PCT- 63 - Example 5: Preparation of 1-0-(6-fluoro-3-(5-11uoropyridin-3-yliquinolin-2-
ypethyl)-3-(1H-pyrazol-4-y1)-1H-Pyrazol1o[3,4-dipyrim4-amine and Example 6:

1-(1-(6-f|uo?rﬂq-?,z-(%-/tll%%gpyridin-?a-S,1)quinoIin-2-y|)ethy|)-1prrazolo[3,@gwgmideine 5A
solution of 1-0 o

-(6-fluoro-3-(5-fluoropyridin-3-yl)quinohn-2-ypethyl)-3-iodo1H-pyrazolo[3,4-dipyrimidin-4-amine (50.9
mg, 96 limo') in DMFE (2 mL) was treated with pyra}z?@g-4-boronic acid pinacol ester (22 mg, 115 umol),
tetrakis(triphenyﬁpﬂé% (%3 p%ﬁadium (11 mg, 10 j.tmol) and sodium carbonate (2.0M, 100.3 mL, 577
unto. The resultant mixture was stirred at 100¢ for 16 b An additional poetion of-pyeazole-4-boronic
acid pinacol estgPIég‘ﬁfé}f f\qlg)rﬂlf'ﬁ%!f)r,d L%f(flrzll- Bubytp %ggé\i%re)palﬁggium (dll mg, 1%( umol) and sodium

carbonate (2.0I\/bmbﬁarﬁ{(,’;%wﬁw)wbhgiad@éé:W}W@?F@déiﬁ@ﬁf}ﬁli&ﬁbmgr&ige%’%lfiﬁ’@)o C for another

24 h. The resultgptmixture.was cpgleangd dilyied wiiEiRO(@nd dhen k20 solutiotiwas washed
with water, brine, dried and coned. Purification, of the residue by flash chromatography over silica gel,
gradient elution, asikgedd 6v8 Me b H@&Mﬁﬁtgﬁiﬁﬁaﬁ%ﬁhbﬁ%ga{% tROtREN
1-0-(6-fluoras 3-(aqflyasagyridinds i duiniekired-yicty 8- Obkapyrdz ¢ salytigaiH (pyraeetofs, 4-dipyrimidin-
4- amine. 1H-NMR(CD30D) 68,14 (dd, ] =85 5.0 Hz, 1.K),.7.98 (6750, Henb20bH. 7.94(s, 1 H),
7.93(s, 1 H), 7.8 Zého‘i‘}li%‘? @%ﬂ‘?’% ?’17%%%:71-7&.4&9 e e 35,728 L H), 640 (4, =50 Hz, 1
H), 1.94 (di 5.0 HerigeHiy.i vusd Sgetmhiipessy hirs D488 vl - o9y InfEPH (2 L) was
1796, INMIR (O 1 B e e L e, 251 1), 7.89(2
0), lli : ,=8.550Hz 1. .02 (d..J= 5. S, , 7.89(s,
H), 7.81 (s, 1 H) 29§99 he it iqyesdy o ﬁ%&%dg}’, %’.é%l(a%ﬁ \%hv%ﬁgmlg achy
2010/151740PCTVi¢OPOR0MBI0E2 MAhd 78 WOBE TeBblaineg #229emyier 88/ESI=5 0 Hz, 3 H) Mass
Spectrum (ESI) @}gﬁﬁa}%ﬁ&‘% ) (M Eea 'H!@ Jdiﬁ)rfﬁp@i}%igﬂ@@(}% Hexanes, 45 mins) gave N- _
setyny0 GG e fuqopyn Yool e e Rripoolt dpyimidn-s amine
1-(1-(6-fluoro-3-(Rifluosepyridin3<yR U HiDkni2-34) EtHidpSnbdol Hepinalzo 2af Bethdl pPFmidin-4-8. mine
(57.6 mg, 109 umol), copper()).iodijde (16 mg, 82 l),.dichlor '1 | Wl-phogPRiRe)palladium (ii)
(19 mg, 27 umolPEHE ¢GRS ﬁ§}r“§]-fg}ﬁ%“g{oﬁﬂ)@ %%%%m%%i{g?ﬁegtﬁ%n@ine I(?20 mL) and
15 (s, H), 8.01 (d, J= 8.0 Hz. 2 H), 7.63-7.57 (m, 2 H), 7.44-740(m, 2 1), 7.29-7.26
(m, 2 H), 7.11 (t, = 8.0 Hz, 1 H), 5.77 (s, 1 H). 1.41 (d, J = 8.0 Hz, 3 H), Mass
Spectrum (ESD) m/e = 419 (M + 1); For R enantiomer: TH-NMR (500 Hz,
CD:0D) 8841 (5,1 H), 8.19 (s, 1 H), 8.13 (d, J= 8.0 Hz, 2 H), 7.77-7.75 (m, 2
H), 7.57-7.52 (m, 1 §1), 7.41-7.39 (m, 2 H), 7.24 (1, ] = 8.0 Hz, 1 H), 5.89 (s, 1 H).
20 1.53 (d, J= 8.0 Hz, 3 H) Mass Spectrum (EST) m/e =419 (M + 1).
Example 4: Preparation of 1-(1-(6-fiuoroe-3-(3-fluoropyridin-3-yDquineiin-2-
yl)ethyl)—3—iad0—1H—pyrazolo[3,4—d}pyrimidin-4-amine
1-(6-Fluoro-3-hydroxyquinelin-2-yljethanone

b

OH

05 To 5-fluoro-2-nitrobenzoic acid (10.0 g, 54 mmol) was added SOCl (20 mL, 54
mmo!). The resultant mixture was heated at 80 °C for 2 h. After cooling to rt, the
extra SOC, was evaporated. The resulting acid chioride was dissolved in E6O
(20 mL). To magnesium methoxide (47 mi, 10% W¢, 54 mmol), pentane-2,4-
dione (6 mlL, 59 mmel) in Et;0 (15 mL) was added drop-wise at rt. Affer stirring



10 DMF (2.0 mL) was stirred under N2 at rt for 1 h. Then potassium carbonate (15 mg, 109 umol) in
water (2 mL) was added and stirred for 30 mm at rt. The mixture was diluted with CH2C12-MeOH (9:1)

and Washegw };‘;’i%'(?ﬁ{\/ tl%ﬁbrine, dried and coned. Purification of the residug-py#ashedsematography
over silica gel, gradient elution, 0-10% MeOH in CH2C12 with 0.1% aq. NH401-15gave 3-

15ethyny1-1-(1-(6-fluoro-3-(5-fluoropyridin-3-y1)quinolin-2-ypethyl)-1H-pyrazolo-
[3,4-dThyrimidin-4-amine.1H-NMR (DMSO-d6) 8 8,26 (d, J= 2.0 Hz, 1 H), 8.24- 8.20 (m, 1 H), 8.19 (s,
1 H), 8.02 (br, 14}4709 &Pt ), 7.84-7.76 (m, 2HY, 7.79- 7.76 (m, 1 H), 6.53 (g, J= 5.0 Hz, 1 H), 4.56
(s, | H), 1.86 (d, I= 5.0 Hz, 3.H), Mass Spectrum (ESI) m/e = 427. 3478 WPCT- 65 -
Example 8: Preﬁbﬁgtiénl—}é? ’?L-ktl)t%gﬂﬁ%%}oé-)ﬁ/—?%-c Sgrodggr%‘r%??-@ %%&%ﬁoﬁ%ﬁ .
ypethyl)-3-(1-metteykéH-plylraicst solyiarp ir8Z3R [814-uRsyrisadiAoRat R &4, RPN A solution of
(624 M 175 ol Iy UL ) M et iy i Pyl oop e AART() (16 M. 35
4 mg, urnol) in DI mL) was treated wit tri-t-butylphosphi ium(0) (18 mg, 35
limo!). 1-methylp9razie=Berotie %Biﬁé‘tbﬁ%&’f&?@ %Eg“) 5@%%%@3%%%%%éarbonate (2.0M,
0.5 mL, 1.0 mmehi-Thedrestltand midsireiwas stirredteint00@dont e Pheiel@idA mixture was
cooled and diluted with Et20..The, Et2 ution, shed with waker, Riire, dried and coned.
Purification of th%r?g%iﬁacggf/df%%% %ﬁ%%gg%gglﬁg\%ﬁgﬁéa gel, gradjent elutio 0 sing 0-10% MeOH
in CH2C12 with Bpeosrem. (Rl e 1h (6 f|uﬁof%1?§9@-‘ﬁ%?86§)ﬁ8h#>§ %ﬁﬁﬁi}%ol#in-z-
ypethyl)-3-(1-methylt-pyrezelxdski SHpitee!DiE ik ipysin)idimdaarinelitdNMR {@D30D) 88.14
(dd, =8.55.0 Hz, 1 H?’?Zja‘%z%é?éd‘]t; rgﬂ%)!_' t%)’r]I E'.)’A:li%e?(?o%l(x%g]tom; i R Sttt daBdbr, 1 H), 7.77(s, 1

H), 7.58 (s, 1 H) 51897
10 acidified with cone. HCl to pH 5. exiracted with EtOAc, washed with water,
brine, dried, and coned, which gave crude 1-(6-fluoro-3-hydroxyqumolin-2-
yhethanone. 'H-NMR (CDCl3) § 11.22 (s, 1H), 8.00 (dd, J=8.5,5.0 Hz, 1 H),
7.51 (s, 1H), 7.30-7.22 (m, 2 H), 2.86 (s, 3H). Mass Spectrum (EST) m/e = 205.9
(M + 1}

15  2-Acetyl-6-fluoroquinolin-3-yi trifleoromethanesutionate

o O
N N
I\E = RS
= PN CH F & OTf

To a solution of 1-(6-fluoro-3-hydroxyquinolin-2-yl)ethanone (1 06g, 5.2mmol) in
DCM (40 mL), pyridine (0.51 mL, 6.2mmol) and trifiuvoromethanesulfonic
anhydride (1.0 mL, 6.2mmol} were added . The resultant mixture was stirred at rt

50 for 4 h, diluted with DMC, washed with water, brine, dried and concd.
Purification of the residue by flash chromatography over silica gel, gradient
elution, 0-25% EtOAc in hexane, gave 2-acetyl-6-fluoroquinolin-3-yl triflucro-
methanesulfonate. 'H-NMR (DMSO-dﬁ) 58.76 (s, 1 ), 8.35(dd, J= 8.5, 5.0 Hz,
1 ), 8.08 (dd, J = 8.5, 5.0 Hz, 1 H), 7.98-7.93 (m, 2 Hj, 2.80 (s, 3 H). Mass

25 Spectrum (ESI) m/e = 3378 (M + 1).
i—(6-Flu0r0—3-(5-ﬂuoropyridin—fi-yi)quinolin—z-yl)ethanone

N

O
~
N\
» AT
F /O'E'f

P
N




2 H), 7.34-7.27 (m, 1 H), 6.39 (g, J = 5.0 Hz, 1 H), 3.82 (s, 1 H), 1.92 (d, J=5.0 Hz, 3 H). Mass
Spectrum (ESI) mic = 483.9 (M + 1). A-1478 WO-PCT- 66 - Example 9: Preparation of
1-(1-(6-fluoro-3;(5- glg%gopyridin-3-yl)qu1nolin-2- PCT/US2010/039942
yflethyl)-3-(thiazol-4-y1)-1H-Pyrazolo[3,4-dipyrimidin-4-amine A solution of
1-(1-(6-fluoro-3-(5-fluoropyridi -3-yflquinolin-2-ypethyl)-3-iodo- 51H-pyrazolo[3,4-d]pyrimidin-4-aml1ne
(68.0 mg, 128 nmal) in DMFE(3 mL) was treated wit%Pis(tri-t-butylphosphine)palladium(o) (13 mg, 26
nmol), 444,4,5,5&&?%%%/) E,3,2-dioxaborolan-‘z-ylﬁthiazole (41.0 mg, 193 nmol) and sodium
carbonate (2.0M, 0.4 mL, 800 nmo]), The resultant mixturg was stirred. ) f, h. The reaction
mixture was cooﬁ%H‘%ﬁ‘He ut‘%&c\?vtr}flf%@w %“é“@}‘f@%f%ﬁ%%’%ﬁ%ﬁ?&?ﬁéﬁ%ﬁﬁ%ﬁ%@r, brine, dried
and coned. Purificatiomobttieresioue bip fastholrorratd gPapmeolds sniealydrsising
MeOH-CHZCﬂﬁI%ﬁaél?ﬁiﬁé gave ddkdpdisare- Sstatiuasopwridineaauinenag24ydwethy1)-3-
(thiazol-4-y1)-1H-pyrazolo[3. -di rimidin-4-amine, 11_%}?%%2@)0[)?0? 9.\1%%%4; 2.0 Hz, 1 H),
8.28 (dd, J= 8.5 50914 EPPREAY (orliee 699 1%: 1 P88 Be@ T HY B0 @ 9% Y8 (br, 1 H),
7.96(s, 1 H)57.7268.62 fom3 2. Hjud t4&r o380, rl, k)] 6163e(h, The 5ilries wax) colosted"/ = 5.0 Hz, 3 H).
Mass Spectrum (ES1)nile = 9 - . y i . .
1-(1-(6-f|uoro-S-&%%So‘?%y%%?%-%%glgé-ﬁ%goEr@@%%?ﬁ%%}é?g{gﬁg{z@‘o%%%ﬁhﬁ%@m?gzoIo[3,4-d|pyrimidin
-4-amine NH2N E@W@%i@qﬁeﬁwp%m@}}@ﬁbééﬁﬁ NP £ 7¥@"A mixture of
1-(1-(6-fluoro-3-(@;fluntopyridinedseAlaLinalinreipethyl)cBriade:. Mtp)spzahofd@st]pykmidin-4-amine
(50 mg, 94 umol), b@gi-t-buzﬁ Iphosphine)palladium (o) (4.8 mg, 9.4 ).tmol) and

5-(tributy|stannyl7tﬁ @1(1 g, 113 umol) in 1,4-dioxane (10 mL) was heated to 110 C under N2 for
16 h. The 10  1-(6-Fiuero-3-(5-flnoropyridin-3-yDquinolin-2-yhethanol

£ Ok
N\ N
2
/ F
F l = e = I S
P
P
N N

A mixture of 1-(6-fluoro-3-(5-fluoropyridin-3-yljquinolin-2-yl)ethanone (300.0
mg, 1.055 mmol), THF (20 mL) and sodium borohydride (40 mg, 1.055 mmol)

were stirred for 2 h. The reaction mixure was then filtered through a pad of

15 celite™ and rinsed with EtOAc, evaporation of the solvent, and purification of
the residue by flash chromatography over silica gel, gradient elution, 0-100%
EtOAc in hexane, gave 1-(6-fluoro-3-(5-fluoropyridin-3-yl)quinolin-2-yljethanol.
'H-NMR (CDCl3) & 8.53 (¢, /= 5.0 Hz, 1 H), 8.44 (br, 1 H), 8.08 (dd, J=18.5,5.0
Hz, 1 H), 7.92 (s, 1 H), 7.53-7.46 (m, 1 H), 7.45-7.40 (m, 2 H), 5.06 (q. /= 5.0

20  Hz, 1H), 1.15(d,J = 5.0 Hz, 3 H). Mass Spectrum (ESI) m/e = 286.9 (M + i)
2-(1-Chloreethyl)-6-fluoro-3-(5-flueropyridin-3-ylquinoline

N cl
HO |\ N
= 1\
T
-
N N

F

N T
%
F

Thionyl chloride (0.4 mL, 5.68 mmol) was added to 1-(6-fluoro-3-(5-fluoro-
pyridin-3-yl)quinolin-2-yljethanol (325.0 mg, 1.135 mmol) in DMF {1 mL) and



5resultant mixture was cooled and diluted with CH2C12-MeOH (10:1), and the solution was washed
with water and brine. The organic solvent layer was dried and coned. Purification of the residue by
flash chromatogr h){ Quer silica gel, using MeOH-CH2C12-EtOACc(0.5 :5s%)y @aMR 01039942

1-(1-(6- fluotos 3% ﬁuoropyrldln 3-
yOquinolin-2-yl)ethyl)-3-(thiazol-5-y1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine. 1 0°14-NMR (CD10D)
69.06 (s, 1 H), 8.285 d = 8 5 5.0 Hz, 1 H), 8.13(s 21 H), 8.12(6,1= 5.0 Hz, 1 H), 8.10(s, 1 H), 8.06(s,
1 H), 8.01 (br, 13 4768985 {m, 2 H), 7.50-7.44 (91 1 H), 6.55 (g, .1= 5.0 Hz, 1 H), 2.05 (d,l = 5.0
Hz, 3 14). Mass Spectrum &}’é ]ﬁ 7.1 Exampl le 1L rati f

4-amino-1-((S)- Pé\/f (éx Iﬁfbep ﬁ%%o%(&{le i tue A ]é%i a?{@#%@ Ao
15yOquinolin-2-ypiethoy whislepyre zalD B diatipyrtinfitind 28-sdrb o R ife 2&htp BLaHBRS 12

4-amino-1-0R)- 1W(ﬂ%ﬂ{;%%ﬂ]§v&§ceﬂuﬁ{99y&%8 Sy QAMINOHRZication of the residuc by flash
yflethyl)-1H-pyrazolo dIpyrimidine-3-earbonitrile

4-Amino-111-pyrhselertasmelisyrioice sl L] ﬁﬂéﬁ\%ﬁﬂéﬁmﬁdvfo%mlx tre of
3-iodo-1H-pyrazolg{3.4- Mﬂ@l@bmﬂmﬁaﬁ@ﬁmﬂ&% MEOIMRINCREANIHE. @EIBmfg, 4.38 mmol),
tris(dibenzylideneacetone)dipalladium 0.19 ol)

dichloro[1,1"-bis(@ipAIp séﬁ%&féﬁcﬁf‘gfaf adujﬁr%g% oM Adatat 265 g 308 umol) in DMF
(10 mL) was heated under) 12 at7 0@ fork8.57leddledrto! thahd tohed: BArifeatibi of the residue

by flash 25chro vV li (o] Q- LOYmMeQHimCH2CI2, gave 4-amino-1
H-pyrazolo[3,4-d n]?)?r%nldmes cg ﬁg%ﬁt%&gﬁ%&%ﬂ%@é@m ’

0-d6) 8 S, ass Spectrum (ESI)
mie = 161.1(M +1j!- %lwiﬁlﬂwww@w&?f@%@%?ﬂﬁ%ihé ?2’@1)%2
4-Amino-1-(3-(6-flvpresithallugramuidin-8-y@iguinolin-2-yOethyl)-1Hpyrazolo[3,4-dipyrimidine-3-carbo
nitrile To a solution of 4-amino-1H-pyrazol1o[3,4-d]pyrimidine-3- carbor}wale (60 mg, 5374 urnoD in
DMF (2.0 mL) was added sodium hydride (60% dispersion in mlnerlg il ( 6 mg, 412 umot) at O C.
The resulting mixture was stirred at rtd¢or 10 min. To the mixture w S a a solution of

2-(1-chloroethyl)-6- fﬁ%ﬂfj (5- \(;IND\

To a solution of 3-iodo- 1H-pyrazolo[3,4-d]pyrimidin-4-amine (129 mg, 496
pmol) in DMF( 2 mL) was added sodium hydride (60% dispersion in mineral oil,

20 mg, 496 pmol) at 0 °C, the resulting mixture was stirred at rt for 10 min. To

15  the mixture was added a solution of 2-(1 -chloroethyt)-6-fluoro-3-(5-fluoropyridin-
3-yl)quinoline (151.0 mg, 496 umol) in DMF (1 mL) and the mixture was stirred
at rt for 24 h. The mixture was diluted with Et;0. The residue was triturated with
Et,0, after filtration, which gavel-(] ~(6-fluoro-3-(5-fluoropyridin-3-yl)quinolin-
2-yhethyl)-3-iodo-1H-pyrazolo{3 A-dipyrimidin-4-amine, 'H-NMR (DMS0-d%) &

20 £.25-822 (m, 2 H), 8.17 (5, 1 H), 7.99 (br, 1 H), 7.97 (s, L H), 7.84-7.76 (m, 2 H),
7.64-7.58 (m, 1 H), 6.49 (q,/=5.0Hz, 1 1), 1.86 (d,/= 5.0 Hz, 3 H). Mass
Spectrum (EST m/e = 530.0 (M + 1).



fluoropyridin-3-yliquinotine (114.1 fig, 374 umol) in DMF (1.0 int) and the mixture was stirred at rt for 24
h. The mixture was diluted with Et,0 and 10triturated with Et20, following a filtration

4-amino-1- d@af}!iéﬁggf&-ﬁ-ﬂuoro- PCT/US2010/039942
pyridin-3-yDquinolin-2-ypethyl)-1H-pyrazolo[3,4-d]pyrimidine-3-earbonitrile was obtained.
4-Amino-I-RS)-1-(6-fluoro-3-(5-fluoropyridin-3-31)quinolin-2-yOethyl)-1Hpyrazolo[3,4-dipyrimidine-3-car
bonitrile and 4-aming-1- (3)%F 6-fluoro-3- 63~

15(5-fluoropyridi’f\ﬁ3§4§§)% ﬁg in-2-ypethyl)-1H-pyrazolo[3,4-dipyrimidine-3- carbonitrile NH2NH2NH2
CN,ONN-CN 4-A1111110- . = ca B n
1-(1-(6-iIuoro-3-%’Eﬁﬂﬁﬁgﬁﬁrﬁl&rﬁﬁ?/%o&u?rﬁdi"rgi(-?/_éléut lyl_ - ﬁ%‘fr?ng{gl[énA?—&fgj%?ilrlﬁ?(ljgi]r]}é’z—3-carbonitriIe
(66.6 mg) in THFEOBLAOA [yl ykwds BDsRecleBb-eHpAr I a8BRRBRA Chiralpak [A
column, 30 x 25@-mm..& QM) UGint AR/ BRRRRRARoHM Raxanguas aluent)uhial. gave
4-amino-14(S)-1-(6- \R/O 2010/151740PCT/US2010/039942 A-1478 WO-PCT- 69 -
fluoro-3-(5-fluordByramie bt SaYeR TR 421 - 1 H-pyrazolo[3,4-d]pyrimidine-3-carbonitrile, the first

fraction collected with 99% cc at 254nm, and 4- X N

amino-14(R)-1-(6-fludtde 3-(5-fluoropyridin-3-yl)quiHptt -Zbypethyl)-l a%zolo[3,4-d]pyrim
idine-3-carbonitritey; setond fraction colle wit Y% 5ee at ZW-NMR (DMSO-d6) 68,34
(d, J=5.0 Hz, 1 ), 8/24s, 1 H), 8.24- 8.18 {, ¥ H , 8:14 (br, 1 H), (N1 H), 7.86-7.76 (m. 3 H),
6.624 1 =5.0 Hz, TH),I\_FL.SQ (d, J = 5.0 Hz, 3 {T)>Mass Spectrum (ESE retie 7.429.1 (M + 1).
Example 13: Preparatj , ({f

5
A solution of 1-(1 —(6~ﬁuoro-3—(5~ﬂuoropyridin~3—yi)qui,nolin-znyl)ethyl}-?a-1'0d.0—

1H-pyrazolo[3,4-d]pyrimidin-4-amine (50.9 mg, 96 umol) in DMF (2 mb) was
treated with pyrazole-4-boronic acid pinacol ester (22 mg, 115 umol}, tetrakis-
(triphenylphosphine)palladium (11 mg, 10 pmol) and sodium carbonate (2.0M,
10 0.3 mL, 577 umol). The resultant mixture was stirred at 100 °C for 16 h. An
additional portion of pyrazole-4-boronic acid pinacol ester (22 mg, 115 umol},
bis(iri-t-butylphosphine)palladium (11 mg, 10 pmol) and sodtum carbonate
(2.0M, 0.3 mL, 577 umol) was added. The reaction mixture was stirred at 100 °C
for another 24 h. The resultant mixture was cooled and diluted with Et,0, and the
15  Ft,0 solution was washed with water, brine, dried and coned. Purification of the
residue by flash chromatography over silica gel, gradient elution, using 0-10%
MeOH in CH,Cly with 0.1% agq. NH4OH, gave 1-(1-(6-fluore-3-(5-fluoropyridin-
3-yD)quinolin-2-yDethyl)-3-(1H-pyrazol-4-yl)-1 H-pyrazolo[3,4-djpyrimidin-4-
amine. 'H-NMR (CD;0D) 6 8.14 (dd, /= 8.5,5.0 Hz, 1 H), 798 (¢, /= 5.0 Hz, 1
20 HD, 7.94(s, 1 H), 7.93(s, 1 H), 7.88 (br, 1 H), 7.77 (br, 2 H), 7.57-7.49 {m, 2 H),
7.35-7.26 (m, 1 H), 6.40 (q,./= 5.0 Hz, 1 H), 1.94 (d, /= 5.0 Hz, 3 H). Mass
Spectrum (EST) m/e = 469.9 (M + 1); and 1-(1-(6-fluoro-3-(5-fluoropyridin-3-
yi)quinoiin—Z—y?)ethyl)-1H—pyrazolo[?a,4-d]pyrimidin—4-amine (6.6 mg, 17%), 'H-
NMR (CD;0D) & 8.14 (dd, /= 8.5,5.0 Hz, 1 H), 8.02(d, /= 5.0 Hz, | H), 7.94(s,
25 1 H),7.89(s, 2 H), 7.81 (s, 1 H), 7.57-7.49 (m, 2 H), 7.32-7.28 (m, ] H), 6.35(q,J



A mixture of 6-fluoro-2-(tributylstannyl1)pyridine (5.00 mL, 13.0 mmol) and sodium thiomethoxide (1.0
g, 14.3 mmol) in 1-methylpyrrolidin-2-onc (10 mL) was heated at 140 C for 24 h. The mixture was ,
then diluteq'l7§ ]\e‘ig‘% 1'0:75%97%“1 15washed with water, brine, dried and conedpdhe¢asidesoaas purified by
flash chromatography over silica gel, gradient elution, 0-50% LtOAc in hexane, which gave
2-(methylthio)-6-(tributylstannyl)pyridine. 1H-NMR (CD30D) 67.40 (t, = 5.0 Hz, 1 H), 7.15 (d,1 5.0 Hz,
1 H), 7.08 (d,1 5.0 Hz, 1 H), 2.56 (s, 3 H), 1.69-1.5 4(m, 6 H), 1.43-1.32 (m, 6 H), 1.15 (t, 1= 10.0 Hz, 6
H), 0.91 (t, J = l‘b-bélﬁgﬂ‘éogbﬁ? Mass Spectrum (EST) mle = 416.0 (M -r 1).

2-(Methylsulfony1)-6-(triputylstannyl)Pyridine ry-$n--$4 H?{n G '%goj@o@a(@l $iUm
permanganate (9. 9 ZS%%J%édmjwa%ﬁiéoﬁnﬁ%%yﬁg tgua s%olu't'm of
2-(methylthio)-64(tributylstannyl)pyridine (1.99 g, 4.80 WO 2010/151740PCT/US2010/039942 A-1478
WO-PCT- 70 - ”ﬂ;(?@ﬂg Qe}ztggrgigr-pgm@mgl@m%gg}mqiﬁ%@&%gr@«@%memma- mixture of acetic
acid (10 mL), and benzene (80 mL). The rea(;tfor‘t#;)éx re _Wa,%s[,;tj[{‘e%uai;;ert for 6 h. A satd solution of
Na25205 in watthasBdindy s thd hHprEaat! '%r%llemcidor disappeared. The mixture was

diluted with EtOAc and washed, with 5Swater, brine, dried and cormgz. Puyrification of the residue by flash
chromatography over siliga=gel, gradient elution, 0-50% EtOAc i héxdhe, gave 2-(methyl-
e.(CDC1.3) 8 7.82(t, J= 8.0 Hz)2-), 7.67 (d, .1= 8.0 Hz, 1 H), 7.55
(d,1=8.0 Hz, 1 H), 3.19 (& N 54-1.46-(m-6-H}+81-1.2 64d), 1.08 (t, I= 8.0 Hz, 6 H), 0.82
(t,J= 8.0 Hz, 9 H). Mass 108p;d&tr(um

1-(6-Fluoro-3-(6-(methylsulfonyOpyri

A mixture of 1< 1—(6—ﬂuoro~3—(5~ﬂuor0pyrid'in~3-yi)qui.nolinmﬂ—yl)ethyl)—?;—i0d0~
1H-pyrazolo[3,4-d]pyrimidin-4-amine (57.6 mg, 109 umel), copper(l) iodide (16
mg, 82 umol), dichlorobis(triphenyi-phosphine)paliadium (if) (19 mg, 27 pmol)
and ethynyltrimethyisifane (0.15 mL, 1088 pmol) n tricthylamine (2.0 mL) and

10 DMF (2.0 mL) was stirred under Ny at rt for 1 h. Then potassium carbonate (15
mg, 109 umol) in water (2 mL) was added and stirred for 30 mir at rt. The
mixture was diluted with CH,CL-MeOH (9:1) and washed with water, brine,
dried and concd, Purification of the residue by flash chromatography over silica
gel, gradient elution, 0-10% MeOH in CH,Cl, with 0.1% aq. NH.OH gave 3-

15 cthynyl-1-(1-(6-fluoro-3-(5-fluoropyridin-3 -yD)quinolin-2-ylethyl)-1H-pyrazolo-
[3,4-d]pyrimidin-4-amine. "H-NMR (DMSO-d*) 3 8.26 (d, /= 2.0 Hz, 1 1), 8.24-
8.20 (m, 1 H), 8.19 (s, 1 H), 8.02 {br, 1 H), 7.99 (s, 1 H), 7.84-7.76 (m, 2 H), 7.79-
7.76 (m, 1 H), 6.53 (q,J= 5.0 Hz, 1 H), 456 (s, } H), 1.86(d, J=3.0Hz, 3 H).
Mass Spectrum (ESI) m/e = 427.9 (M + 1).



A mixture of 2-acety1-6-fluoroquinolin-3-yltrifluoromethanesulfonate (778 mg, 2.31 mmol).
tetrakis(triphenylphosphine)palladium(o) (222 mg, 0.192 mmol), 15bis(tri-t-butylphosphine)palladium
(0) (98 mg‘gffg‘%‘{f@% and 2-(methyl- sulfony1)-6-(tributylstannyppyridige {858 #agssH2 mmol) in
1,4-dioxane m ]jwas heated to 110 C under N2 for 5 h. After cooling to rt, and removal of the
solvent was followed by purification of the residue by flash chromatography over silica gel, gradient
elution, 0-100% EtOAc in hexane, it gavel-(6-fluoro-3-(6- 2
O(methylsulfonyrﬁ‘ﬁ%ﬁn- %% inolin-2-ypethanone’ IH-NMR (DMSO-d6) 8 8.92 (s, 1 H), 8.33 (dd"/=
8.0,8.0Hz, 1 H),8.28 =8 QHz, 1H), 8. (ﬁd_:&o_,{f_ 8.0% (dyJ= Hz, 1 H), 7.95
(dd, J= 8.0, 4.0 ﬁ??‘fﬂ?,%%é‘?&ﬁ‘ﬁ% 'é.(ffjl". Tféz‘]ﬂ Ty, %(ZQGH(%OY;O )“2§i$6% g)guﬁ}%ll\%gs Spectrum
(ES') mie = 345 0)iyi)i}-(AmASIAIDIGRolF4-y!)- L H-pyrazolo[3 4-d|pyrimidin-4-amine
(R)-N-(1-(6-Fluoro-3-(6-(methylsulfonyl)pyridin-2-yOquinolin-2-y1)- |
ethylidene)-2-methylpropanit2-sulfinamide A solution of NH N
1-(6-fluoro-3-(6-(methyl S/ridin-2-yl)quinolin-2-y1)- 5ethandn
(r)-(T)-t-buthyIsquinamid@ 0/07 A, 0.639 mrnol) and titaniu fet .
with molecular sieves 4A'(1.0'Y") in THF (30-mL) was stirred eated to reflux for 4 days. The
‘ diluted with DCM (30 mL). The mixture was then filtered

DCM. The combined 100rgafiissrere washed with water,

3 Fa0 a(_silica gel, gradient
elution, CH2C12-EtOAc (1:1) tg CH2C12-Et0OAc-MeOH (1:1:0: (R -N-(1-(65fluoro-3-(6-(methyl-
su Ifonyl )pyrid in-2-y l)quino i\_'in-z-yl)ethylid ene)-2-methylproptagé-2-su tfinam idc. (CD30D) 8 8.78
(s, 0.4 H), 8.62 (s, 0.6 H), 8.36-8.05 (m, 4 H), 7.80- 167.65 (m, 2 H), 3.31 (s, 1.8 H), 3.27 (s, 1.2 H),
3.03 (s, 1.8 H), 2:8®liidn2111),-Goiupso5-Tvese sisiriuqestivne Dardlo iade-1).
(R)-N-((S)-1(6-Fjyirg:3:(fs(metnysutianvQnysicing2yainolinngyDeiiyls (3 mL) was

2-methylpropane-2-sulfinamide / : :
YIProp treated with bis(iri-t-butylphosphine)patladium(0) (18 mg, 35 pmol), L-methyl-

-

pyrazole-4-boronic acid pinacol ester (54 mg, 262 umol) and sodium carbonate
(2.0M, 0.5 mL, 1.0 mmol). The resultant mixture was stirred at 100 °C for 16 h.
The reaction mixture was cooled and diluted with Et;O. The EO solution was

10  washed with water, brine, dried and coned. Purification of the residue by flash
chromatography over silica gel, gradient elution, using 0-10% MeOH in CHaCly
with 0.1% aa. NH,OH, gave 1-{(1-(6-fluoro-3-( 5-fluoropyridin-3-yl)quinoln-2-
ylethy!)-3-(1-methyl-1H-pyrazol-4-y!)-1 H-pyrazolo[3,4-d]pyrimidin-4-amine.
'H-NMR (CD-0D) 8§ 8.14 (dd, /= 8.5,5.0 Hz, 1 H), 797 (d, /= 5.0 Hz, ! H),

15 7.93(s, 1 H), 7.91(s, 1 /), 7.87 (br, 1 H), 7.77(s, 1 H), 7.58 (s, 1 H). 7.57-7.46 (m,
2 H), 7.34-7.27 (m, 1 H), 6.39 (q. /= 5.0 Hz, 1 H), 3.82 (s, I H), 1.92(d, /=5.0
Hz, 3 H). Mass Spectrum (ESI) m/e = 483.9 (M + 1).



,S" RN st, 8 20To a solution of (R)-N-(1-(6-fluoro-3-(6-(methylsulfonyl)pyridin-2-yOquinOlin-2-
yl)ethylidene)-2-methylpropane-2-5ulfinamide (225 mg, 0.503 mmol) in THE (10 mL) at -78 C was
added L-s%g&%lg}ég. mL, 1.0M, 1.51 mmol) drop-wise. WO 2010/15t40RCT/439$2010/039942
A-1478 WO-PCT-72 - The resultant mixture was stirred at -78 'V for 4 h. The reaction was quenched
with sat. NH4C1 and diluted with EtOAc. The organics were washed with water, brine, dried and
coned. Purificatior]%[ tl%%f_%sédéue by flash chromatggraphy over silica gel, gradient elution,
CH2C12-Et0Acﬁ:1 %o -EtOAc-MeOH 5(5:5:0.5), gave

(R)-N-((S)-1-(6-fluoro-3-(6-fmet oY LRV EliRudsENaliBropy ridin-3-yhquinokin-2-
2-ypethy1)-2-inethyl) ?S?aﬁﬁ%%‘ﬁlﬁﬁa@mggy ﬁ%‘fébﬁggj%ggs" 8.49 (5 3:L)lg), 8.34 (dd, J= 8.0, 8.0
Hz, 1 H), 8.22-avbotl) 3 thiszeb4a oLtk pyrazele -4 pErmdiesi-2iBe s 30" (g, 3= 8. 0 Hz, 1 H),
1.72 (di= 8. 0 Hz, 3 H), 143 (s, 9 H). Mass Spectrum (EST) mie = QO.

10(S)-1-(6-Fluoro-3-(6r\;l etfwylsuIfonyl)pyridin-2-y1)quino|in-2-yOe an
of (R)-N-((S)-l-(6-fluog;)%\(methylsulfonyl)pyridin-2-y1)- N=

quinolin-2-ypethyl)-2- h Ippropane-2-sulfinamide (157 mg, O.% 4 rﬁ&l) in MeOH (20 mL) was added
HC1 in dioxane (873 uL, 4,gM, 3.49 mmol). The 15mixture was stirred at rt for 1 h. The mixture was
coned, and the residue was 0t EtOAe. The organics were wa ' ater, brine, dried and

+1).
ifne 2 HN/ ?D To a solution

A solution of 1~(.’1—(6-1‘11101:0—3—(5~ﬁuoropy1"idin—3—yi)quinolin—Z-yi)ethyi)u3-iod0-
5  1H-pyrazolo[3.4-d]pyrimidin-4-amine (68.0 mg, 128 pmol) in DMF(3 mL) was

treated with bis(tri-t-butylphosphine)paliadium(o) (13 mg, 26 pmol), 4-(4,4,5,3-
tetramethyl-1,3,2-dioxaborolan-2-yljthiazole (41.0 mg, 193 pmol) and sodium
carbonate (2.0M, 0.4 mL, 800 pmol). The resultant mixture was stirred at 100 °C
for 16 h. The reaction mixture was cooled and diluted with E6O. The Et;O

10 solution was washed with water, brine, dried and concd. Purification of the
residue by flash chromatography over silica get, using MeOH-CH,Cl,-EtOAc
(1:3:6), gave 1-(1-(6-fluoro-3-(5 ~fluoropyridin-3-yhquinolin-2-yhethyl)-3-
{ thiazol~4-yl)-lH—pyrazolo[3,4-d]pyrimidin-4~amine. "H-NMR (CD:0D) 8 9.15
(d,/=2.0Hz, 1 H),828(dd, /=8.55.0Hz 1 H), 8.10(d, /=50 Hz, 1 H),

15 8.06(s, 1 Hj, 8.01(s, 1 H), 7.98 (br, 1 H), 7.96(s, 1 H), 7.72-7.62 (m, 2 H), 7.45-
7.38 (m, 1 H), 6.53 (q.J= 5.0 Hz, 1 H),2.06 (d,J= 3.0 Hz, 3 H). Mass Spectrum
(ESD m/e = 486.9 (M + 1),
Example 10: Preparation of 1-(1-(6-fluoro-3-(5-flueropyridin-3-yhquinolin-
2-yl)ethyl)-3-—(thiazol~S—y!)w1H»pyrazole[3,4»d]pyrimid§n-4-amine

NH NH, 7
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coned. Purification of the residue by flash chromatography over silica gel, gradient elution, 0-10%
MeOH-NH4O0H (10:0.05) in CH2C12. gave (S)-1-(6-

quoro-3-(6-\(§meth I%Jlff%yl)pyridin-2-yl)quinotin-2-y0ethanamine. 1H-NMRp20:66:ka8:5)» 88.47 (s, 1 H),
8.34 (dd, = %2‘§¥6 l—fz, 1 H), 8.22-8.18 (m, 2 H), 8.09 (d, J=8. 0 Hz, 1 H). 7.73-7.64 (m, 2 H), 4.71
(9,1=8.0Hz, 1 H), 3.30 (s, 3H), 1.48 (d, J= 8. 0 Hz, 3 H). Mass Spectrum (ES1) mie = 346.0(M 1).
A-1478 WO-PCT-73 - (S -4-Amino-6-(1-(6-i1uoro-36-$6-(methylsulfonyl)pyridin-2-y|)qui1101i0-2-
yDethylamino)pyritfidin @BGlbonitrile  0,re /'0 A'fhixture of

(5)-1-(6-fluoro-3-(6-(methylsulfonyl)pyridin-2- uinolin-2:y1)- 5 anal Ir 51 ing, 0.246 mmol),
4-amino-6-chIorépwmmﬁé-%gég%gogﬂ?ﬂé?é& %ﬁ’%@ﬂéﬁ%%ﬁ%%n?%%}@ 1988
N-ethyl-N-isopropyipyepaivZ-amiiner @ rk20ie7 S fimm 4 BadiifoitbyakHeated to 110 C

overnight. After Rglég&fﬁg&&h&,ﬂ%%y@@ FReednR urilisaiignahienesious 4y fiash
chromatography ove en

silica gel, gradient elution, 0-10% MeOH, in CH2C12..gaye, (S)-4-amino-6-(1-(6-
10 fIuoro-3-(6-(Méﬁﬂ&%@ﬂﬁéﬁhigﬁb&%ﬁﬂ‘?@9}&&%‘8%@?@%5’(m%iﬁ‘&%}l}r‘irﬁlf(%nig%i 3§%onitrile.
1H-NMR (DMSQ-66)6:8:5h(s: Jds 08136 bad, 8, 8ild T3 My(818810% Wt H), 7.90-7.86 (m, 2

H), 7.78 (dd, 1= 8.0,4.0 Hz, 1 H),. 7.55 (d. J.= 8.0. (it ). 3.44 (5. 3 H)
1.42 (di = 8.0 stx’o. Eﬁ))n aségaéhzzd 1t}51 ngt%Sn% 'tq WW%JQK%Q%@&Q%%N%&@ Qs (e d

pectrum (d m/c =464.0(M -L 1). 15Example 14: Preparation of
(S)-N-(1-(6-fluores8-(pysiblimaifiyeisnslfiiz-ryseusyy- S ehRre RN R ASCESEfTEM 5:
(R)-N-(1-(6-fluorgs:(nydin-2ryOquinohad -y metlyd)o H-uuinfemaming Tarkbpyidin-3-

mal) and it B GG DA PO L. 07 o et e Ao Se 10 a soliion o
2- pyridylagefic agichyereehl@oies(5.07 ¢, 231mmosy ialdHFE @00 Mmtyat FISE LifedriN2. The mixture
was stirred at -7§ G for 30 min, e N-UHDYNYs 06(s, 1 ), 8.0 (br, 1 H), 7.69-7.62 (m, 2

H), 7.50-7.44 (m, 1 H), 6.55 (¢, /= 5.0 Hz, 1 H), 2.05 (d,/=35.0 Hz, 3 H). Mass

Speetrum (EST) m/e = 487.1(M + 1).

Exampie 11: Preparation of 4-amino-1-((S)-1-(6-fluore-3-(5-fluoropyridin-3-

15 yl)quinoiin—Z-yl)ethyi)-lH»pyrazoiﬂE’3,4-dfpyrimidine-—S—carbonitriie and
Example 12: 4-amin0-1-((R)—l~(6-ﬂﬂ0r0-3-(5-ﬂii0ropyricﬁn—S-yl)quinolin-zu
yl}ethyi)-lﬁ-pyrazoio[334~d}pyrimidine-?&~{:arb0nitrile

4-Amino-1H-pyrazolo[3,4-d|pyrimidine-3-carbonitrile

e
*% - [
NHy |

20 A mixture of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (1.04 g, 3.98 mmol),

N

N
" /ZI

zinc cyanide (515mg, 4.38 mmol), tris(dibenzylideneacetone)dipalladium (0) (182
mg, 0.199 mmol) and dichloro{1,1 *bis(diphenylphosphino)ferrocene]palladium
(II) DCM adduct (292 mg, 398 umol) in DMF (10 mL) was heated under Np at
120 °C for 3.5 h cooled to rt, and concd. Purification of the residue by flash

25  chromatography over silica gel, gradient elution, 0-10% MeOH in CHCI; | gave
4-amino-1H-pyrazolo| 3,4-d}pyrimidine-3-carbonitrile. H-NMR (DMSO—dé) &
8.29 (s, 1 H). Mass Spectrum (ESI) m/e = 161.1(M + 1).



WO 2010/151740PCT/US2010/039942 A-1478 WO-PCT- 74 - carbony1)-1-alanine methyl ester (6 g,
29 mmol) in THF (20 mL) was added drop-wise. The resultant mixture was stirred overnight and the
cold bath V\@%%[.nglq ﬁlowly to rt. The reaction mixture was washed witkrwatenanddorne, dried, then
coned. Puritication of the residue by flash chromatography over silica gel, 5gradient elution, 0-100%
EtOAc in hexane, gave tert-butyl 3-oxo-4-(pyridin-2- yDbutan-2-ylcarbamate. NMR (500 MHz,
DA/SO-do) 8 8.46 {dd . 5 .3 Hz,1H),7.72 (dd, J=5.0, 1.3 Hz, 1 H), 7.25-7.23 (m, 2 H),
4.14-4.06(m, 1 Iib é%\% 5%-—[31 1.37 (s, 9 H), 1.17 (d,J=5.0Hz, 3 H). Mass Spectrum (ESI) m/e 265.1
(M 1). 10(2-Amino-5-fluor 2] Ome frja | T 2-ammono- 08NZQIG,a6iq1#2.0 g, 13 mmol) in
THF (20 mL) litH AT gh%(‘c?r‘f ?( 73@“8?‘?%%%@?&%%%%@5%%%@@? at 0 C. The resulting
mixture was heatethldfiddinytrisidipgdresidealeion mixture was 15 cooled to rt, 1 mL of water, 1
mL of NaOH (IN) and 2 mL of water were added. The resulting mixtureiwas fittrered, rinsed with FLO,
and coned. The residue, (2- amino-%sfluorophenyl)methanol was dirg used for the next reaction:

114 NMR (400 MHEHPMSO-d6) 6.91 (dd,.1--8.0, 4.0 Hz, | H), 6.77 (ddd[/-8,0, 8.0, 4.0 Hz,1 H), 6.59
(dd,J=8.0, 8.0 H;uiiu\sl.lz (t, -4
)

4.75(s, 2 H), 4.35 ZO(F, 1=4°0 Hz, 2 H). Mass Spectrum
(ESI) mie = 142.Q (Mi+ 1) 2-Amjroxb-fitrerobenzaldehyde OHO H2NH2)N
(2-amino-5-f|uoropﬁen)ﬁ§methanI (2.8 g, 13 mmol) in DCM (50 mL), mangane xide (449,51
mmol) (fresh activated by heating With flame and 25 under oil pump-va
together and stirred at rt overnight. LCMS showed completion of the } on. Filtration on a pad of

K
Centel m and rinsing with DCM, followed by removal of the solvents , purification of the
To a solution of 4-amino-1 H-pyrazolo[3,4-d]pyrimidine-3-carbonitrile (60 mg,

5 374 umol)in DMF (2.0 mL) was added sodium hydride (60% dispersion in

mineral oil, (16 mg, 412 pmol) at 0 °C. The resulting mixture was stirred at rt for
10 min. To the mixture was added a solution of 2-(1-chloroethyl)-6-fluoro-3-(5-
fluoropyridin-3-yhauinoline (114.1 mg, 374 umol) in DMF (1.0 mL) and the
mixture was stirred at rt for 24 h. The mixture was diluted with EtO and

10 triturated with B0, following a filtration 4-amino-1-(1-(6-fluoro-3-(5-fluoro-
pyridin-3-yl)quinolin-2-yi)ethyl)-1H-pyrazolof 3 A-dJpyrimidine-3-carbonitrile
was obtained.
4—Amin0-1~((S)-1~(6-ﬂu0r0—3—(5-ﬂuoropyridin-?s-yl)quinoiin-Z—yl)ethyl)-IH-
pyrazo!o[3,4—d]pyrimidine-3—carb0nitriie and 4-amino-1-((R)-1-(6-flucro-3-

15 (S—flu0ropyridin-3—yi)quinolin-2~yi)ethyl)-1H~pyrazol0i’3,4—d]pyrimidine—3-

carbonitrile

4-Amino- 1-(1-(6-fluoro-3-(5-fluoropyridin-3 -yhquinolin-2-yhethyl)- 1H-pyz-
azolol3 4-dJpyrimidine-3-carbonitrile (66.6 mg) in THF-MeOH 10:1(1.5 mL) was
20  subjected to chiral HPLC resolution (Chiralpak [A colummn, 30 x 250 mm, 5 mm),

using 15% isopropanol in hexanc as eluent, which gave 4-amino-1-{(S)-1-(6-



WO 2010/151740PCT/US2010/039942 A-1478 WO-PCT-75 - residue by flash chromatography over
silica gel, gradient elution, 0-100% EtOAc in hexane gave 2-amino-5-fluorobenzaldehyde. 1H NMR
(400 MHz, DMSO-d%)dg 9.78 (s, 1 H), 7.39 (dd,J=8.0, 4.0 Hz, 1 H), 7.234g¢lghdm80:8:0,4.0112z, 1 H),
7.00 (br, 2 B’ 678" (d81=8.0. 4.0 Hz, 1 H). Mass Spectrum (ES1) nile = 140.1 5(M+ 1). tert-Butyl
-1-(6-fluoro-3-(pyridin-2-31)quinolin-2-y1)etllylcarbamate HN 0-g-1 0".0SNOyNNJ O The mixture of

tert-butyl 3-0x0-4-(£%ridin-Zéylibutan-Z-ylcarbalfla%g) (2.7 g, 10 mmol), 2-amino-5-fluorobenzaldehyde
(1.43 g, 10 mmaty 5 pota Sibm 10 hydroxide (33m1, 31 mmol) in EtOH (120 mL) was heated to

reflux for 1 h. The resulting. mixture was coled to rt,and coped, Purification . > residue by flash
chromatographyﬂb‘\()g?“él'ﬁE%b@i?@?é%‘i\%ﬁf@ﬂ%nﬁ?l&:%g&%ﬁ%’%i%i %Aegg%rtlﬂg% %ﬁ\éggert-butyl
-1-(6-f|uoro-3-(pyﬁdimezayae)ﬂpomaﬁmZhylﬁmhgvmmm&meﬁwh\ﬁﬂ%smmH%%Ali‘éﬁr-dﬁ) 6 8.75 (d,
1250 Hz, | H). 8,38 (5 4(t) BAS (L= dRE a1 Bl dlioln1S118:0, 2.0 Hz, 1 H), 7.85
(dd"1=9.3, 5.0 Hz, 1 gj .75-7.70 (m, 2 H), 7.50 (ddd 1;5.0,5% 2.0 Hz, 1 H), 7fg%éqo 1=8.0Hz, 1 H),
5.34-5.27 (m. 1 Pyrerdoldd-glpyimisaee-sagosye ghg peepidanion ool D38 M+ 1)
1-(6-Fluoro-3-(pyrdin2434) Guinelin->yBeihenauiagd FANJIDHzNHD, STHemixtlre Bfitert-butyl
1-(6-fluoro-3-(pyridin-2-y1) quinalin-2-y1) ethylcar t 2183 ol},_trifjoroacetic acid (3
mL, 38 9 mmol) W-fb@ﬂﬂk ‘rﬁﬁfl\x;ﬁs ]sﬁ?’redqﬁt%f“’f Iggfgg rglél(F?OA%n?%% i |’o€§)i:§1"l2 gglﬁ'c))un%'gjf trifluoroacetic
acid (3 mL, 38.9miol))wassaddéd atthis. BriB. Stsitgoaaecortinued fofdhbihér 10 wo

2010/151740PCHIS201 06030048 2 tion of (S)-4-amino-6-(1-(6-fluoro-3-(6-(methylsulfonyl)-
pyridin-l—yl)quiziolilx-Z—y'E)ethyiamino)pyrimidin e-S-carbonitrile

10 2-(Methylthio)-6-(tributylstannyfjpyridine

/*/\58 @ /\L i
N N
A mixture of 6-fluoro-2-{tributylstannyl)pyridine (5.00 mL, 13.0 mmol) and
sodium thiomethoxide (1.0 g, 14.3 mmot) in 1-methyipyrrolidin-2-one (10 mL)
was heated at 140 °C for 24 h. The mixture was , then diluted with Et;0 and

15  washed with water, brine, dried and concd. The residuc was purified by flash
chromatography over silica gel, gradient elution, 0-50% EtOAc in hexane, which
gave 2-(methylthio)-6-(tributylstannylpyridine, 'H-NMR (CD;0D) 8 7.40 (t, /=
50Hz 1 H),7.15(d, J=5.0Hz, 1H),708(d,/=50Hz 1 H), 256 (s, 3 H),
1.69-1.55 (m, 6 H), 1.43-1.32 (m, 6 H), 1.15 (£, /= 10.0 Hz, 6 H), 0.91 (t,/=10.0

20  Hz, 9 H). Mass Spectrum (ESI) m/e =416.0 (M + 1).
2-(Methylsalfeny))-6-(tributylstannyhpyridine

—a=0
0=3
/

A solution of potassium permanganate (9.11 g, 57.6 mmol) in water (1006 mL} was

odle o

added to a solution of 2-(methylthio)-6-(tributylstannylpyridine (1.99 g, 4.80



A-1478 WO-PCT-76 - min. The reaction mixture was coned and diluted with DCM (15 mL). The DCM
solution was washed with sat. NaHCO3, water, brine, dried and coned to provide

1-(6-fluoro-3- %ridfir%-%- 1) quinolin-2-yDethanaminc. 114 NMR (400 MHz:PMSR5d8y$;8.74 (dd"f=4.0
Hz, 1H), 8.3 (s,]f f—])1 g10 (dd,1=8.0, 4.0Hz, | H), 5 8.00 (ddd, 1=8.0, 8.0, 4.0 Hz, 1 H), 7.82
(dd,J=8.0, 4.0 Hz, 1 H), 7.72 (d,1=4.0 Hz, 1 H), 7.68 (dd"J=8.0, 4.0 Hz, 1 H), 7.49 (ddd,J=8.0, 8.0, 4.0
Hz, 1 H), 4.41- 4.36 (]m 1H),2.22 (br, 2 H), 1.26 (d], =8.0 Hz, 3 H). Mass Spectrum (EST) me =268.1

, 2
(M + 1). HN- N-(‘i?&é-Iﬁla%%g§-?pyridin-2-yOquinoI|n- -371)ethyl)-9H-purin-6-amine A mixture of
1-(6-fluoro-3-(pyridin-2-y1) quinglin-2-y1) ethanamine (441 m 50 0l). 6-ehlorg-9H-purine (255
mg, 1.650 mmol"&ied ﬁflifﬁ%ﬂ3%‘6%’%@6‘&1%%‘%&%@%3&%‘éﬁ? Tg%?g]mr)%o Xlﬁl%a%H (20 mL) was
heated at110 'Cavecnight( Aftel ceolingtent, (RemiixtifbowsesconedxPisrifieatidricdfisthe residue by

flash Chfomatogk(gpgg.oxegaﬁd_'g%%ash gradienteltion 0x10% MeQHHD k2R 13 gave
N-(1-(6-fluoro-3-(pyridin-2-yOquinolin-2- petlhyl)-ngurln-6-amme. ]ii_' NMR (500 MHz, MeOH-d4)
8.74 (d, .15.0 szum-\ycs!s’z%%ﬁ%ﬂéz%aﬂ%?3‘{%.@)‘%’?}3‘1“%% 8949 Y8998 08 (m, 1 H),
8.00 (dd, 1=9.3, Qab-HEridcdriZd7Sdddikab Bu#cdiib) o tha résbii{roy Dakh) cir&SRddrarte:3, 205.0 Hz, 1
H), 6.09-5.96 (m, 1 H),.1.56 (d, J=5. . 3 H) oﬁ%(ﬁpe tru /¢c.=.386.0 (M +1). A-1478
WO-PCT- 77 - (§Y3{I9%E9€65éla,roa%? 96%/%(3%'8253(% qumoﬁﬁ%%ﬂ%%%%%g%eur -6-amine and
(R)-N-(1-(6-fluore:BetpyridifadyiytrsinofinzRsydjathyij-DNIB U ARGELarh 82(t, / = 8.0 Hz, 1 H),

767 (d,J=8.0Hz, 1 H),7.55(d,/=8.0Hz, 1 H),3.19(s,3 H), 1.54-1.46 (m, 6

), 1.31-1.22 (m, 6 H), 1.08 {t. /= 8.0 Hz, 6 H), 0.82 (t,./ = 8.0 Hz, 9 H). Mass

10 Spectrum (EST) m/e = 448.1(M + 1).

1-(6-Fluoro-3-(6-(methylsulfonyDpyridin-2-yquinolin-2-ylethanone

4

F OTf

A mixture of 2-acetyl-6-fluoroquinolin-3-yl trifluoromethanesulfonate (778 mg,
2.31 mmol), tetrakis(triphenylphosphine)palladium(o) (222 mg, 0.192 mmoi),

15 bis(tri-t-butylphosphine)paltadium (0) (98 mg, 0.192 mmol) and 2-(methyl-
sulfony!)-6-(tributylstanny!)pyridine (858 mg, 1.92 mmot) in 1,4-dioxane {10 mi)
was heated to 110 °C under N; for 5 h. After cooling to rt, and removal of the
solvent was followed by purification of the residue by flash chromatography over
silica gel, gradient elution, 0-100% EtOAc in hexane, it gave i-(6-fluoro-3-(6-

20 (methylsulfonyl)pyridin-2-yhquinolin-2-ylethanone. "H-NMR (DMS0-d% &
£.92 (s, 1 H), 8.33 (dd,J=8.0, 8.0 Hz, 1 H), 8.28 (d,/=8. 0 Hz, 1 H), 8.24 (dd,.J
=8.0,4.0Hz, 1 H), 8.07 (¢, J=8. 0 Hz, 1 H), 7.95 (dd, /= 8.0, 4.0 Hz, 1 H), 7.86
(dd, J= 8.0, 4.0 Hz, 1 H), 3.26 (s, 3 H), 2.76 (s, 3 H}. Mass Spectrum (ESI) m/e =
345.0(M +1). '



5N-(1-(6-Fluoro-3-(pyridin-2-Dquinolin-2-y1)ethyl)-9H-purin-6-amine was sub- jected to chiral
separation (IC 250x30 mm column) to provide

(S)-N-(1-(6-fl ozrci%(p |(g|n -2-yOquinolin-2-ypethy1)-9H-purin-6-amine. 13- % NMEB (8804 Hz, DMSO-d)
38.77 (in, 1 8ux s 1 H), 8.21-8.15 (m, 1 H), 8.11 (br, 2 H), 8.01 (br, 1 H), 7.87 (dd, J=9.3, 5.0 Hz,
1 H), 7.82 (d, J=5.0 Hz, 1 H), 7.76-7.68 (m, 2 10H), 7.50 (br, 1 H), 6.00 (br, 1 H), 1.47 (br, 3 H). Mass
Spectrum (ESI) m/e

(R)-N-(1-(6- -fluord: é“(;%/}x/c@nggj@l)qumohn 2- ypethylFS -9Hpurin-6-amine:IH NMR (500 MHz, DMSO-d6) 8
8.77 (br, 1 H), 8.44 14 30,(s, 1 H), 8.01 (br. 1 H),
7.86 (dd, J=9.3, @‘b‘ﬁéi 16 gﬁ Pi?s‘?ﬁﬂf ﬂf"z}é‘g“es% %ﬁf&imi% sof(br 1isH), 6.01 (Ix, 1 H),
1.48 (d, J=5. OHz;tRyHﬂeh@és@ﬁhgtm@éE@@-mlﬁimMO (M 1). Using the same or analogous
synthetic procedures and substituting with appropriate reagents, the f0||OWI cgcgpounds were

prepared: Example 16: Prepatlon of N-(1-(6-fluoro-3-(pyridin-2-y1)quin| -y1)-
20ethyl)pyrimidin-4-amir

AR, 206 151@40PCWU520I070§9942A 1478 WO-PCT- 78 - (dd, ./=9.3,
5.0 Hz, 1 H), 7.98 (dd" @ ,

: det;*4=9.3, 5.0 Hz, 1 H), 7.80
(br, 1 H), 7.77-7.68 fm, Z’H), 7.46 '47r\ﬂd’ J25.0Hz, 3 H). Mass
Spectrum (ESI) m/c = 346.0 (M + 5 xample 17: Preparatlon of R
N4-(1-(6-fluoro-3-(pyridin-2-yOquinolin-2- yOethyl)pyrimidine-4,6-diamine

N4-(1-(6-Fluoro-3-(pyridin-2- qumolln 2 Ypethyl)p imidine-4,6-diamine. NMR (400 MHz, DMSO-d6)
88.73 (d, 1-4.0 K5 uﬂyn@%ﬁ-(@ 1‘94‘3 r&sj:ahy Ygony pyridin- 2 ulnoillll\ﬂ~yls

5 ethanone (220 mg, 0.639 mmol) (1)-(+)-t-buthylsulfinamide (0.077 g, 0.639
mmol) and titanium tetraethoxide (0.264 mL, 1.28 mmol) with molecular sieves

4A (1.0 g) in THF (30 mL) was stirred and heated to reflux for 4 days. The

reaction was quenched with water and diluted with DCM (30 mL). The mixture
was then filtered through a pad of Celite™ and rinsed with DCM. The combined

10  organics were washed with water, brine, dried and coned. Purification of the
residue by flash chromatography over silica gel, gradient elution, CHHCly-EtCAc
(1:1) to CHCly-EtOAc-MeOH (1:1:0.1) gave (R)-N-(1-(6-fluoro-3-(6-(methyl-
sulfony%)pyrid.in—E—yl)quinohn—z—yl)ethylid.ene}—Z-methylpmpane—2~su§ﬁnamide,
H.NMR (CD:0D) 8 8.78 (s, 0.4 H), 8.62 (s, 0.6 Hj, $36-8.05 (m, 4 H), 7.80-

15 7.65(m, 2 H), 331 (s, 1.8 H), 3.27 (s, 1.2 H), 3.03 (5, 1.8 1), 2.88 (s, 1.2 H), 0.91
(s, 9 H). Mass Spectrum (ESI) m/e = 448.0 (M + 1),
(R)~N-((S)-1-(6~Flu0r0-3-(6~{meihylsu}fonyi)pyridiﬂnzwyl}quinoiin-2-—y])ethyl)-

2-methylpropane-2-sulfinamide

O
W
/8'”
: o
N
~
F = '9
s
-l O

20  To asolution of (R)-N—(l~(6wﬂu0r0-3~(6u(methyisuifon.yl)pyridin—2~yl)quinolin—2—
ylethylidene)-2-metbylpropane-2-sulfinamide (225 mg, 0.503 mmol) in THF (10
mL) at -78 °C was added L-selectride (1.51 mL, 1.0M, 1.51 mmol) drop-wise.



101=9.2, 4.0 Hz, 1 H), 7.98 (ddd, 1=9.2, 9.2, 1.8 Hz, 1 H), 7.82 (dd,J=9.2, 4.0 Hz, 1 H), 7.77 (d,
1=9.2Hz, 1 H), 7.72-7.65 (m, 2 H), 7.47 (dd, 1=9.2, 4.0 Hz, 1 H), 5.94 (br, 2 H), 5.52 (br, 11.38
(d,1=4.0 H%Vg zFl%hM? Spectrum (ESI) mie = 361.1 (M + 1). Example d8;/R¢apalation of
N4-(1-(6-f|uoro-?31 pyridin-2-yOquinolin-2- 15yflethyppyrimidine-4,6-diamine NH2
N4-0-(6-Fluoro-3-(pyridin-2-yl)quinolin-2-yDethyl)pyrimidine-4,6-diamine. IT1 NMR (400 MHz,
DA4SO-d6) 8 8.55 éd,1=4.0 Hz, 1 H), 8.14 (s, 1 H),.7.89 (dd, 1=9.2, 4.0 Hz, 1 H), 7.78 (dd,1=9.2,9.2
Hz, 1 H), 7.63 (dt1378 8%, 1 H), 207.57 (d,izé.é Hz, 1 H), 7.49 (ddd,./=9.2,9.2, 4.0 Hz, 1 H),

02 1), ALiTaDIPAN R BRI Py Savalir ar 11 oot MBRpaaRagsum (50 =363
4-amino-6-0-(6-fiitrea8 pyidinhyijguih ot BYOethThamiaeisyrivaiginasee SrBB AR and
4-(1-(6-fluoro-3-{pyridin 2 ¥ Ol s S I RRO): S e g gyt NH.O NH,
silica gel, gradient elution, CHyCly-EtOAc (1:1) to CH,Cly-EtOAc-MeOH
5 (5:5:0.5), gave (R)—N—({S)—l—(6—ﬂu0r0—3—(6—(methy1sulfonyl)pyridin-2—yl)quinoiin—
2-ylyethyl)-2-methylpropane-2-sulfinamide. 'H-NMR (CD:0D) 8 8.49 (s, 1 H),
.34 (dd, /= 8.0, 8.0 Hz, 1 H), 8.22-8.19 (m, 2 H), 8.10 (4, /= % 0Hz 1H),
7.73-7.64 (m, 2 H), 5.30 (g, J=8. 0 Hz, 1 H), 1.72(d,J=8. 0 Hz. 3 H), 1.13(s, 9
H). Mass Spectrum (ESD) m/e = 450.1(M + 1).
10 (S)—l—(6—F§u0r0-3-(6«(methyisuifony!)pyridin-zmyi)quinolin—z-yl)ethanamine

Q
W
S rﬁ NH;
HN

N o 2
A 0
= i
= N "(P F N\ S!
£ RN / ™~
[ i~ e
[Parorr™ O

To a solution of (R)—N-((S}—1-(6—ﬁuoro~3n(6—(methy§sulfoﬂyl)pyfidin—Z-yI)—
quinolin-2-yDethyl)-2-methylpropane-2-sulfinamide (157 mg, 0.349 mmol) in
MeOH (20 mL) was added HCJ in dioxane (873 uL, 4.0M, 3.49 mmol). The

15 mixture was stirred at rt for 1 h. The mixture was concd, and the residue was
diluted with FtOAc. The organics were washed with water, brine, dried and
concd. Purification of the residue by flash chromatography over silica gel,
gradient chution, 0-10% MeOH-NH,OH (10:0.05) in CH,Cly  gave (S)-1-(6-
ﬂu0r0—3-(6—(methylsulfonyl)pyridia—Z—yi)qui.noLin-Z—yl)ethanamine. 'H-NMR

20 (CD:OD) 8 8.47 (s, 1 H), 8.34 (dd, .= 8.0,8.0 Hz, 1 H), 8.22-8.18 (m, 2 H), 8.09
(d,J=8.0Hz, 1 H),7.73-7.64 (m, 2 H), 471 (g, /= 8.0 Hz, 1 H), 3.30 (s, 3 H),
1.48 (d, J=8. 0 Hz, 3 H). Mass Spectrum (EST) m/e = 346.0(M + 1),



NNH CI 54-Amino-6-(1-(6-fluoro-3-(pyridin-2-yDquinolin-2-ypethylamino)pyrimidme-5- carbonitrile.
11-1 NMR (400 MHz. DM80-do) 8 8.73 (d, J=4.0 Hz, 1 H), 8.44 (s, 1 H), 8.07 (dd,1=9.2, 92 Hz, 1 H),
7.99 (ddd,1=9.2,9.2,4.0 Hz, 1 H), 7.95(s, 1 H), 7.85 (dd,1=9.2, 4.0 Hz, 1Jd), #<4Brdatedn, 2 H),
7.48(ddd, 13283812, 1 H), 7.26 (hr. 1 H), 5.92 (br, 1 H), 1.30 (d,1=8.0 Hz, 3 H). Mass Spectrum
(EST) 10mie = 386.0 (M + 1). 4-(1-(6-Fluoro-3-(pyridin-2-yl)quinolin-2-3/1)ethylamino)-6-
hydroxypyrimidine-5-carbonitrile was obtained: 1H NMR (400 MHz, 0,4480-do) 8 8.74 (d,1=4.0 Hz, 1
H), 8.48 (s, 1 HASIBMWAPES Hz, 1 H), 8.10 (dd, £=9.2, 4.0 Hz, | H), 8.06 (s, 1 H), 8.02 (ddd,
1=9.2,9.2, 1.8 Hz, 1 H), 7.88 (dd,1-9.2, 4.0 Hz, 1 H). 7.80-7.73 % ,2_# 7.5§§$d_ ,1=9.2,9.2, 2.3 Hz,
1 H), 6.02 (br, 1(ﬁ0;,4'rs41*?§8‘r&:(1!£@15'FPZP?I#?.‘QW&%@%&WSW Ué‘i‘)fllle?‘é“ .‘ﬁM + 1). Example 20:
1-(6-Fluoro-3-(pyrjeinyBxainginelinidiypsthanonitdilmixture of
2-acetyl-6-fluoroquinolin-3-yltrifluoromethanesulfonate (2.0 g, 5.93gZ0mmol),

tetrakis(triphenylphosphine)palladium(0) (0.343 g, 0.297 mmol) and tristty1(2-pyridyptin (2.62 mL,
7.12 mmol) in 1,4-dioxan§*é30 mL) was heated to 110C under @\?f r 5 h. After cooling to rt, removal of
R

idue by column chrogmato
yOquinolin-2-ypethanone. 1H A-

the solvent, and purification efthe
to 1:3) gave 1-(6-fluorg-3-(gyridi
MHz, DMISO-d6) 8 8/63s, 1H), , 1 H), 7.86-7.74 (m,
3 H), 7.65 (ddd, 1=9.2,9- £SS fass Spectrum (ESI) me =
267.0 (M + 1). 1-(6-FIggro-3-(pyridin-2-yl)quinolin-2-y1)ethanol 0 {0 % (6-fluoro-3-(pyridin-2-y1)
quinolin-2-y1) ethandhe (328.2rna, 1.233 rrimol) in THF (20 mL) %Q_ium tetrahydroborate (46.6 mg,
1.233 mmol) was added at rt. The resulting mixture was stirred for PhgFiltration of the mixture on a
pad of Celitelm and rinsing with EtOAc, evaporation of ‘g}e E}%ﬂven‘ﬁ’ agd BurifiC?ﬂpﬂ cbf_10the residue by
flash chromatograksBtre? i (el Brarshit-BRAoHS Bl e ppgRydin- 2yl quinoln-2-y

5 ethanamine (85.1 mg, 0.246 mmol), 4~-amino-6-chloropyrimidine-5-carbonitrile

nan silica gel (EtOAc/hcxane, 0:1

:478\VQO-PCT- 80 - NMR (400

(38.1 mg, 0.246 mmol}) and N-ethyl-N-isopropylpropan-2-amine (47.2 pL, 0.271
mmol) in BuOH (20 mL) was heated to 110 °C overnight. After cooling to 1t, the
mixture was concd. Purification of the residue by flash chromatography over
silica gel, gradient ehution, 0-10% MeOH in CH:Cly, gave (S)-4-amino-6-(1-(6-

10 ﬂu.oro—3~(6~(methyisulfonyi)pyridin_-2-yl)quinoHn.»2—yl)ethy1amino)py-rimidine~5~
carbonitrile. "H-NMR (DMSO-d%) & 8.59 (s, 1 H), 8.36(dd, /= 8.0, 8.0 Hz, 1 H),
§.16-8.09 (m, 3 H), 7.90-7.86 (m, 2 H), 7.78 (dd, J= 8. 0,4.0 Hz, 1 H), 7.55 (d,J
=§. 0 Hz 1 H), 7.28 (br, 2 H), 6.04 (m, 1 H), 3.44 (5,3 H), 1.42(d, /=80 Hz, 3
H). Mass Spectrum (EST) m/e = 464.0(M + 1).

15  Example 14: Preparation of (S)-N-(1-(6-fluoro-3-(pyridin-2-yhquinolin-2-
yhethyl)-9H-purin-6-amine and Example 15: (R)-N-(1-(6-fiuoro-3-(pyridin-2-
yl)quinolin-2-yhethyl)-SH-purin-6-amine
Tert-butyl 3-0x0-4-(pyridin-2-yhbutan-2-ylcarbamate

1 430
H ¥ OH = O. _N =~

O N, N
T HKO/ o) \N / \g/

o

20  n-Butyllithium, 2.5M solution in hexane (12 mL, 29 mmol) and lithium bis(tri-
methylsilyDamide (102 mL, 102 mmol) was added drop-wise to a solution of 2-
pyridylacetic acid hydrochloride (5.07g, 25 mmol) in THF (100 mL) at -78 °C
under Ny, The mixture was stirred at -78 °C for 30 min, then N-(tert-butoxy-



EtOAc in hexane gave 1-(6-fluoro-3-(pyridin-2-yOquinolin-2-y1)ethanOl. 1H NMR (400 MHz,
DMSD-do),8 8.57 (d, 1=4.0 Hz, 1 H), 8.28 (s, 1 H), 7.98 (dd, 1=9.2, 4.0 Hz, 1 H), 7.86 (ddd,1=9.2,9.2,
2.0Hz, 1 H)"B)ﬁg‘gjd J79.2,40Hz, 1 H), 7.63 (d, J=9.2 Hz, 1 H), 7.56 (d&¢;dsQ:@s0F8422.0 Hz, 1 H),
7.35 (ddd, XPZNEGY ¥ 0 Hz, 1 H), 5.31 (d,1=4.0 Hz, 1 H), 5.02 (q, 1=4.01itz, 1 H), 1.19 (d"1=4.0 Hz,
3 H). Mass Spectrum (ES1) m/e = 269.0 (M + 1). 2-H-Chloroethyl)-6-fluoro-3-(pyridin-2-31)quinoline ci
Sulfurous dichloride %011.058 mL, 0.792 mmol) was a.fided to 1-(6-fluoro-3-(pyr- 2 0 idin-2-y1)
quinolin-2-y1) Et??l—h‘*( @91‘5,(76?792 mmol) in DCM (50 mL). After the addition, the mixture was stirred

at rt for 2 min. The mixture was coned and t re idue was dj ith M. (10 .the organic
phase was wasKaB Wb 1% ﬁﬂl%%‘ffﬂ?’gg%%rt éﬁ%%énﬁn g?%%%§%%%f%ﬁﬁ%@vﬁ% by brine. The
organic layers weie diitd mndteonedktRurficatiordp s igkiqud by frdrebetonEgtaphy over silica
gel, using 20% hexane in,EIQAC, 9aue 2:0:, Wk 203 QUIBLTAORET A4$3040/63904R:A- 1478
WO0-PCT-81 - ch?orogthyll_-6-fluoro-3-(pyridin-2-yfiqu1no|ine. 1H_%MR éﬁ}O%MH , DMS0-6/6)
58.80-8.75 (m, 19938, 48wafigatinn afibdryi g 4sH pEoPHHTSIY fYGHS: 2@552,19.2, 2.0 Hz, | H), 7.88
(dd. J=9.2, 4.0 Hzadidh) T8 767 (M, RiBihcTBRofelalel, 3@, ROt B-bkor4-Hryr6inL{(q, J=4.0 Hz, 1

H), 1.98 (d, J=4.0 Hz, 3 H). 5SMass Spe | = _
(S)-4-Amino-1-03’(@3?1{?'8?%3‘3’15(?)r ﬁﬁ’fﬁ%y%ﬁﬁ#o%%@@%@t%%ﬁﬁégﬁi% é%%’ﬁdfp?i#fﬁidine-3-carbonitri|
e and (R)-4-aming: 1+ (13(6-fiRedo; 3=@yritinkRz, 1 1), 7.25-7.23 (m, 2 H), 4.11-4.06(m, 1 1),
yOquinolin-2-ypethyl)-11 razolo3¢-dipyrimidineyg=carpgnitiles ILoua s okkiomaf =
4-amino-lH-pyr?z%}éozf‘?),ﬂjfg%y%m%i%ge}%igﬁr)@]itrile in DMF (2 ml_b)%\ivas ad(;led I?odium hydride, 60%
dispersion in mirié¥al ¢iY{272.8 mg, 0.694 mmol) with stirring at rt for 10 min. To the mixture was added

a solution af2-(1xchigreethyinh-dhirayBitieynigai 2-yl)quinoline (181 mg, 0.631 mmol) in DIME (I and
the stirring continued at rt for 2 days. Then potassium carbonate (96 mg,,150.694 mmol) was added,

and the stirring was continued for another 7 h. The mixture wds diluted with Et20 and the
resulting solid triturated with Et2Q.andyfiltered. The solid was rinsed.wi c. The filtrates were
coned and

- F

To 2-amino-5-fluorobenzoic acid (2.0 g, 13 mmol) in THF (20 mL) lithium

aluminum hydride (0.73 g, 19 mmol) was added portion wisc at 0 °C. The

resulting mixture was heated to reflux for 1.5 h. After the reaction mixture was
15 cooled tort, 1 mL of water, 1 mL of NaOH (IN) and 2 mL of water were added.

The resulting mixture was filtrered, rinsed with Et;0, and concd. The residue, (2-

amino-5-fluorophenylymethanol was directly used for the next reaction: 'H NMR

(400 MHz, DMSO-dg) § 6.91 (dd, /=8.0, 4.0 Hz, 1 H), 6.77 (ddd, /=8.0,8.0,4.0

Hz,1 H), 6.59 (dd, /=8.0, 8.0 Hz, 1 H), 5.12 (t, /=40 Hz, 1 H), 475 (s, 2 H), 4.35
20 (t,J=4.0 Hz, 2 H). Mass Spectrum (EST) m/e = 142.0 (M + 1).

2- Amino-S-fluorobenzaldebyde

OH

0
- I -
HoN HoN :

To (2-amino-5-fluorophenylmethanol (1.8 g, 13 mmol) in DCM (50 mL},

manganese dioxide (4.4 g, 51 mmol) (fresh activated by heating with flame and
25  under oil pump vacuum for 5 min), was added together and stirred at rt overnight.
LOCMS showed completion of the reaction. Filtration on a pad of Celite™ and

rinsing with DCM, followed by removal of the solvents , purification of the



purification of the residue by flash chromatography over silica gel, gradient elution, 50-100% EtOAc in
hexane gave a raccmic product. The racemic product 20 was subjected to chiral separation

(Chiralpalc“;\ﬂ B_A]&?Ly , 30 x 250 mm, 5 mm), using 15% isopropanol phaxaaesseeluent, which
gave (S)-4-amino-1-(1- 6 fluoro-3-(pyridin-2-yl)quinolin-2-ypethyl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carbonitrile. 1H NMR (500 MHz, DiliSO-d6) 8 8.51 (ddd, 1=5.0, 2.0,1.0 Hz, 1 H), 8.37 (s, | H), 8.11 (s,
1 H), 8.08 (dd, 1=9 22 5 QOHz, 1 H), 7.85 (dd,I=9.3,.5.0 Hz, 251 H), 7.80-7.70 (m, 2 H), 7.42 (d,
1=5.0Hz, 1 H), 725 7% tht ), 7.03- 6.95(m, 1°H),1.90 (d,1=5.0 Hz, 3 H). Mass Spectrum (ESI)

mbe = 411.1 (M + 1): WO 2010/151740PCT/US20 0/03 1 T nd
(Ryamino>- | CEAS S YRR S BSI DArg F yoL To0AOA S

azolo[3,4- cl]pyrllimldmﬂB-gmrdDMnmt&) 1+ﬂhNMReQ5@©d%F€12 NEB 496 HE2. QHIO148.0, 2.0,1.0 Hz, 1
H), 8.37 (s, 1 H "/ 5 fdlyJ 1 H), 7.80-7.70
), 837 (s, 1H) g/}jzil ,(?ﬁi;; "54)732@3 ( 1‘% 98 g Lh), ((che’i fdeloJ58.305:8 Hep 1 H), (m,

2 H), 742 (d,1=5, m, 1'H), 6.95(m, 1 H), 1.90 (d, 1506—|]?_,3H).Mass
Spectrum (ESI) i@ &n 216, Mw@xe{rﬁp@e@q rédé}ah%ﬁpﬁctmm (EST) m/e = 140.

4-amino-6- 0&18)C|q,r(51§hloro -3-(2-pyridiny1)-2- qumollnyl)ethyl)amlno) -5-pyrimidineearbonitrile and
Example 22: 4-amino- 6- 11(1R%Ew e&ﬁro- - |d|rt -2 }%Em{g&mmo) -5-pyrimidine- 1
Oearbonitrile 2-A¥HRGEM Al igfg yﬁ' ]6 @%‘\lé atI'o a stlrred solution of
2-chloro-6-nitrobenzaldehyde (2.0 g, 10.78 mmol) in IM HC1 (20 mL) was adde/u\orlzwder (6.02 g,
108 mmol) and the reaction was

SR S - S

The mixture of tert-butyl 3-oxo-4-(pyridin-2-yl)butan-2-yicarbamate (2.7 g, 10
mmol), 2-amino-S-flucrobenzaldehyde (1.43 g, 10 mmo 1} and potassium
10 hydroxide (33ml, 31 mmol) in EtOH (120 mL) was heated to reflux for 1 h. The
resulting mixture was cooled to rt and concd. Purification of the residue by flash
chromatography over silica gel, gradient etution, 0-100% EtOAc in hexane, gave
tert-butyl -1-(6-fluoro-3-(pyridin -2-yDquinolin-2-yi)ethylcarbamate. "H NMR
(500 MHz, DMSO-dg) 8 8.75 (d, J=5.0 iz, 1 H), 8.38 (s, 1 H), R.13 (dd, /9.3,
15 5.0 Hz, 1 H), 8.01 (ddd, /=93, 5.0, 2.0 Hz, L H), 7.85 (dd, /=93, 5.0 Hz, 1 H),
7.75-7.70 (m, 2 H), 7.50 (ddd, J=5.0, 5.0, 2.0 Hz, 1 H), 7.00 (d, /=8.0Hz, 1 H),
5.34-5.27 (m, 1 H), 1.32 (s, 9 H), 1.28 (d,./=9.3 Hz, 3H). Mass Spectrum (ESI)
m/e = 368.1 (M + 1),
1-(6-Fluoro-3-(pyridin-2-yi) quinelin-2-yljethanamine

O
M NH,
HN™ TO N
N =
- P
- x F | =
F ; Nz
N._ =

20
The mixture of tert-buty! 1-(6-fluoro-3-(pyridin-2-y1) quinolin-2-yl) ethylcarbam-
ate (600 mg, 1,633 mmol), trifluoroacetic acid (3 mL, 38.9 mmol) in DCM (10
mL) was stirred at rt for 60 min. An andditional amount of trifluoroacetic acid (3

mL, 38.9 mmol) was added at this time. Stirring was continued for another 10



15heated at reflux for 2 h. After this time the reaction was cooled to rt and EtOAc was added. The
separated organic layer was dried over MgSO4, filtered and evaporated in vacuum to give
2-amino-6-¢hlorob nz Iéiehyde. Mass Spectrum (ESI) m/e = 156.2 (M 1) dert-Butyhzooqr
1—(5-eh1or¥£68§/{?|a:f§.-%2-yl)quinOlln-2-ypethyIcarbamate NHBocBoc,NH Tert-Butyl
3-0x0-4-(pyridin-2-yObutan-2-34carbamate (0.600 g, 2.270 mmol) and 2-amino-6-chlorobenzaldehyde
(0.530 g, 3.40 mmoggin Et01-1 (26.5 mL, 454 mmo]) was treated with potassium hydroxide (0.382 g,

6.81 mmol). The'rd4¢tioN WhS heated at reflux for Pn.'After this time LC/MS shows desired product.

The 25 reaction was then cooled to rt and evaporated,in vacu t ffied by column
chromatographynEH'bx&u%%?ﬁﬁ’&é?f@rt%“fif?gcéi\‘}‘Té%t(ehr?l-ltt)Edm HTHERP RSS! RO

1-(5-chloro-3-(pyitlitied-yBquinblit it DetHyEHrbanmater. Wioe 2bio) 28d ravplcr s 510/039942
A-1478 WO-PCT; 83 5 1(5-Chloras3-(RyidineivOauiralip-2nvhiethanamine@oriiv Cl To a stirred
solution of tert-bbt@%%—éﬁmggéﬁgﬁ%féqu%%n-z Eeth 1carbq_m§te %LSO 0.391 mmol) in
DCM (2 mL) wadaétieddrfi§orbaetichlits Bz Hit (?aézyt-ﬂ\r%glﬁ e freteh ﬁ&n%%)s stirred at it for

2 h. After this time,ingiigastion, was eyanonated inyacuursand. thazesidue wagidissolved in DCM (30
mL). HC1 (1.0M) was then added and t rate er\ S wi GM,(20 mL). The aq.
layer was then bB&iflet o’ B8 @ﬂa(ﬁé%x??ng&?vaﬁh E Ki:a%{x%lg%%v%frﬁt%iﬁéé organic layers were
dried over MgSO#;ditteredartizR0evabbiatettindvaetidmizoigile Mass Spectrum (EST) m/e
1-(5-chIoro-3-(py:rm_i%g-%!-%9gqif]olin-2-ypethan-
N-(1 -(6-Flu0r0-3~(pyridin-2~y§)quinolin»Z-yl)ethyi)-—QH-purin-é-amine
HN—R\

NH, NZIN
N HN—R\
l = > N K\I\i NH
SO ®
SN N- T N s ¢
! o

10
A mixture of 1-(6-fluoro-3-(pyridin-2-y1) quinolin-2-yl) ethanamine (441 mg,

1.650 mmol), 6-chloro-9H-purine (255 mg, 1.650 mmol) and N-ethyl-N-iso-
propylpropan-2-amine (345 pl., 1.980 mmol) in BuOH {20 mL) was heated
at110 °C overnight. After cooling to rt, the mixture was coned. Purification of

15 the residue by flash chromatography over silica gel, gradient elution, 0-10%
MeOH in CHoCl, gave N-(1 -(6-fluoro-3-(pyridin-2-yl)quinolin-2-ybethyl)-9H-
purin-6-amine. 'H NMR (500 MHz, MeOH-da) & 8.74 (d, J=5.0Hz, 1 H), 832 (s,
1H), 8.27 (dd, J=9.3, 5.0 Hz, 1 H), 8.16 (s, 1 H), 8.14- 8.08 (m, 1 H), 8.00 (dd,
J=073,05Hz, 1 H), 7.78 (d, J=5.0 Hz, 1 H), 7.71-7.62 (m, 2 H), 7.52 (dd, /=9.3,

20 5.0 Hz, 1 H), 6.09-5.96 (m, 1 H), 1.56 (d, /=5.0 Hz, 3 H). Mass Spectrum (ESI)
m/e = 386.0 (M + I).



amine. 4-Amino-6-(((IS)-1-(5-chloro-3-(2-pyridiny1)-2-quinolinyl)ethyl)amino)-5- pyrirnidinecarbonitrile
and 4-amino-6-(011)-1-(5-chloro-3-(2-pyridiny1)-2- quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile

To a stirred s(g)l tgg/r]wﬂ?; p -(5-chloro-3-(pyridin-2-yOquinolin-2-yDethanangipa3mmged835 mmol) in
butanol (4.8Vmﬁl§ was added Hunig's base (116 tiL, 0.670 mmol) and

4-amino-6-chloropyrimidine-5-carbonitrile (56.9 mg, 0.368 mmol). The reaction was heated at 120 C
for 2 h. After this time the reaction was cooled 20t_o7 and the precipitate was collected and washed
with hexanes to‘%ﬂ%@ WPshtid mixture of 4-amind- 4(1S,

1R)-1-(5-chloro-3-(2-pyridiny1)-2-quinolinyDethyl)-.amino)- iIMidimecarhanitrile. .The racemic
mixture was se Pa%g( 63“%)5‘1"@?#'@¥6‘%1Yv“efzvr}§%‘r%‘§8’-%(ﬁ%%m 9@%@%0@’%{%@ .
-(5-chloro-3-(2-puritliRyIy-2reGifialimypetny hidiming) BuspiismtirReib A Ry n-R R %00 MHZ,
AleOH) 6 ppm 8.7\ H, WO 2010/151740PCT/U§@_O\10/039942 A-1448\VO-PCT- 84 - ddd, J=4.9,

1.8, 1.0 Hz), 8.6{Q| Nd, J=0.8 Hz), 8.11 - 8.14 (1 K, nw), 8.05(1 H, th S/ N7, 1.8 Hz), 7.97(1 H, s),
7.75-7.83 (3 H,m),I7.55(1 H, ddd,1=7.7, 4.9, 1.} H4), 5.98 (1 H, q,./{@.& Hz), 1.42 (3 H, d, J=6.7 Hz)
Mass Spectrum (ESI)

5quinolinypethyl)ami

8.76(1 H, ddd,1=4.9,4.8, . , ctd, J=7.7, 1.8
Hz), 7.97(1 H. s). 775, 7.83 (3 H, m), 7.55 (L H, ddd, =7 .7, 4.9, 1.1 Hz),5.98 (1 H,Hz), 1.42(3 H, d,

1=6.7 Hz). Mass Spectrum (ES1) m/e = 402.0 (M + 1). (Absolute configuration was 10 assigned based
on the P1310 potency of each of the separated enantiomers). Example 23: Preparation of

2-((1S)-1-((6-amingi5eFanoes3pyrnidird-d Hammnot iy s 2Pyrdmnya sipetistifsarbonitrile and
Example 24: 2- ((| R);14(G;ainino: Breyaie-4spysimidinySaminelqiiiis (Q-nyidiay)dse-
qumolmecarbon&n e Istert-Butyl 1-(5-eyano-3-(pyridin-2-yOquinol1n-2-yl) lcarbamate
Boo..NHBoc,NH 3—(pyridin~2—yl%umohn—%—yl)ethy “9H-purin-6-amine: ;Ig T%N)ﬁ'( %&C} X/fﬁz,
DMSO-dg) & 8.77 (br, 1 H), 8.44 (s, 1 H), 821 - &.15 (m, 1 H), 8.11 (br, 2 H), 8.01
(or, 1 H), 7.87 (dd, J=9.3, 5.0 Hz, | H), 7.82 (d, /=5.0 Bz, 1 H), 7.76-7.68 {m, 2
10 H),7.50 (br, 1 H), 6.00 (br, 1 H), 1.47 {br, 3 H). Mass Spectrum (ESH m/e =
3860 (M + 1); and (R)uNm(l-(6—ﬂu01'0—3-(PY%.’id.i.n—2—yl.)quinolin—2—yl)ethyi)—9H-
purin-6-amine: 'H NMR (500 MHz, DMSO-dg) 3 8.77 (br, | H), 8.44 (s, 1 H),
8.19 (dd, /=9.3, 5.0 Hz, 1 H), 8.14 (br, 1 H), 8.10 (s, 1 H), 8.01 (br, ] H), 7.86
(dd,.J=9.3,5.0Hz, 1 H ), 7.80 (d, J~9.3Hz, 1 H), 7.76-7.68 (m, 2 H), 7.50 (br, 1
15 H),6.01 (br, 1 B), 1.48 (d, /=5.0Hz, 3 H). Mass Spectrum (EST) m/e = 386.0 (M
+ 1.

Using the same or analogous synthetic procedures and substituting with

¢ = 402.0 (M + 1); and 4-anfine+6-(((1R)-1-(5-chiordts-
BypyfimidinecarbOnitiile (21 MR (4
~8.60(1 H, d"1=0.8

gz-pyridinyl)-z-

appropriate reagents, the following compounds were prepared:
Exampie 16: Preparation of N-{1-(6-fluoro-3-(pyridin-2-yDhquinolin-2-yl)-

20  ethylpyrimidin-4-amine
e = N
N
A @ - »
oS F N e

N-(1-(6-F iuoro-3-(pyrid.in-Z—yl)quinolin—?,uyl‘)ethyl)pyrimidin—4—amine. "HNMR
(500 MHz, DMSO-dg) 8 8.72 (d, /=5.0 Hz, 1 H), 8.38 (s, | H), 8.18 (br, 1 H), 8.12



7 NCI To a stirred solution of tert-butyl 1-(5-chloro-3-(pyridin-2-yl)quinolin-2-ypethylcarbamate (120
mg, 0.313 mmol) in NMP/Cy2NMe (3.0 mL/1.0 mL) was added palladium bis(trifluoroacetate) (31.2

mg, 0.094 Wg}%]ngégq!‘:?yclohexylphos- 2 Ophino)-21,41,6%-tri-i-propy|-et+hiRanyk{8& mg, 0.188
minol) and cyanotributyl- tin (99 mg, 0.313 mmol) and the reaction was heated at 150C for 2 h. After
this time the reaction was partitioned between EtOAc and water and the separated organic layer was

dried, filtered and ev%po. t%%jjln vacuum. Column_c)%rpmategraphy (hexanes:EtOAc, 1:0 to 1:1) gave
tert-butyl 1-(5-c&j¥ﬂé? X@ﬁ n-2- 2 5yl)quinolin-2-yl)ethylcarbamate. Mass Spectrum (ESI) m/e =

375.0 A1478 WO-GT; 88,12 (| AnRey )y 2 ivinolBesSsepsboniile Boo NHNH2
7.84 (dd, /=9.3, 5.0 Hz, | H), 7.80 (br, 1 H), 7.77-7.68 (m, 2 H), 7.46 (dd, J=9.3,
5.0 Hz, 1 H), 6.52 (br, 1 H), 1.47 (d, /=5.0Hz, 3 H). Mass Spectrum (ESIT) m/e =
346.0 (M + 1)
5  Example 17: Preparation of N4-(1-(6-fluoro-3-(pyridin-2-yhquinolin-2-
yhethyhpyrimidine-4,6-diamine

)
i
e FNH2 &\N NH
=
i = F IQ‘N Ci N - =
=N l N

N4~(}—(6-F1uoro—3-(pyridin—2—yi)quin0iin~2~y1)c:thy1)pyrimidinc~4,6—diammc. "H
NMR (400 MHz, DMSO-dg) 3 8.73 (d, /=4.0 Hz, 1 H), 8.34 {s, 1 H), 8.11 {(dd,

10 J=92,40Hz 1H),7.98(ddd, J=9.2,9.2, 1.8 Hz, 1 H), 7.82 (dd, J=9.2,40Hz, 1
H), 7.77 (d, /=9.2Hz, 1 H), 7.72-7.65 (m, 2 H), 7.47 (dd, /=9.2, 4.0 Hz, 1 H), 5.94
(br, 2 H), 5.52 (br, 1 H), 1.38 (d, J=4.0 Hz, 3 H). Mass Spectrum (ESH m/e =
361.1 (M +1).
Exampile 18: Preparation of N4-(1-(6-fluoro-3-(pyridin-2-yDquinelin-2-

15 yhethyhpyrimidine-4,6-diamine

NH

[S]

N4-(1 -(6—Fiu01'0—3—(py1‘idin—2-yl}quinoiin—2~y1.)ethy1')pyrimidine~4,6~diamine. H
NMR (400 MHz, DMSO-dg) 8 8.55 (d, /=4.0 Hz, 1 H), 8.14 (s, 1 H), 7.89 (dd,
J=972,4.0Hz 1H),7.78 (dd, /=9.2,9.2 Hz, 1 H), 7.63 (dd, /~9.Z, 4,0 Hz, 1 H),

20 7.57(d,J=9.2 Hz, 1 H), 7.49 (ddd, ./=9.2,9.2, 4.0 Hz, 1 H), 7.33-724 (m, 2 H),
5.55 (br, 1 H), 5.31 (br, 2 H), 1.23 (d, /~4.0 Hz, 3 H). Mass Spectrum (ESI) m/e
=36L1(M+1).



CN To a stirred solution of tert-butyl 1-(5-cyano-3-(pyridin-2-yl)quinolin-2-yl)ethyl- carbamate (150 mg,
0401 mmol) in DCM (I mL) was added trifluoroacetic acid 5(309 !IL, 4.01 mmol) and the reaction was
stirred at rt for 90 min, After this time the reaction was evaporated in vagiungiaghihegesidue was
dissolved iHVBé%Iﬂ@d%OL). HC1 (1.0M) was then added and the separated ag. layer was washed with
DCM (20 mL). The ag. layer was then basified to pH 14 and extracted with EtOAc. The separated
organic layer was dried over MgSO4, filtered and lﬁ)evaporated in vacuum to give
2-(1-aminoethyI)A-‘?,lﬂ@r\l‘Hﬁ%IE%}%quinoline-5- carbo ?tfile. Mass Spectrum (ESI) m/e = 275.2

2-01S)-1-06-Amino-5-cyano-4-pyrimidin gmincr)l)qttlyﬁ_g )7 %ggor §1Eﬁ§l/}a§h%ipﬁﬂﬂ?rﬁﬁm-0“itfi'e and

[
2-((IR)-146-amifg¥msars: £ BHRIHIS 1) Ziho et }lll -3-(2-pyridihy0-5-quinolinecarbonitrile NH2 CN

NH2 CN LN J, Niylyethylamino)pyrimidine-S-carbonitrile and 4-(1-(6-fluoro-3-(pyridin-2-
yl)quinoiin-2~y§)ethyiamino)—é-hydmxypyrimidine-S-carhonitrile

NH2

@]
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5 4—Amino—6-(1-(6~ﬂu0r0-3~(py"rid1'n—2~y1)quinolin~2-y})ethylamino)pyrimidine—5—
carbonitrile. 'H NMR (400 MHz, DMSO-ds) 88.73(d, J~4.0Hz, 1 H), 844 (s, 1
H), 8.07 (dd, /=9.2, 9.2 Hz, 1 H), 7.99 (ddd, /=9.2,9.2.4.0 Hz, 1 H), 7.95(s, 1 H),
7.85 (dd, /=9.2, 4.0 Hz, 1 H), 7.78-7.72 (m, 2 H), 7.48(ddd, /=92, 9.2, 1.8Hz, 1
), 7.26 (br, 1 H), 5.92 (br, 1 H), 1.30 (d, J=8.0 Hz, 3 H}. Mass Spectrum (EST)
10 mle=386.0(M +1). 41 —(6-F1u0r0—3—(pyridin~2—y1)quinolin—2—y1)ethylamino}-6m
hydroxypyrimidine-5-carbonitrile was obtained: "H NMR (400 MHz, DMSO-ds) d
8.74 (d, J~4.0 Hz, 1 H), 8.48 (s, 1 H),8.29 (d, J=9.2 Hz, | H}, &.10 (dd, J=9.2, 4.0
Hz, 1 H), 8.06 (s, 1 H), 8.02 (ddd, /=9.2,9.2, 1.8 Hz, 1 H), 7.88 (dd, /=92, 4.0
Hz, 1 H), 7.80-7.73 (1, 2 H), 7.50 (ddd, J=9.2, 9.2, 2.3 Hz, 1 H), 6.02 (br, 1 H),
15 1.35(d, /8.0 Hz, 3 H). Mass Spectrum (ESI) m/e =387.1 (M + 1),
Example 24:
1-(6»_?!110r0—3»(pyridin-2~yl)quinolin-zuyl)ethaneﬂ

I @\f/ "
N N
- m_______,.,k.
F OTf i

A mixture of 2-acetyl-6-fluoroquinolin-3-yl trifluoromethanesuifonate (2.0 g, 5.93
20 mmol), tetrakis{triphenylphosphine)paliadium(0) (0.343 g, 0.297 mmoef} and
tributyl(2-pyridylitin (2,62 mL, 7.12 mmol) in i, 4-dioxane (30 mL) was heated to
110 °C under N, for § h. After cooling fo 1t, removal of the solvent, and
purification of the residue by column chromatography on silica get (EtOAc/hex-

ane, 0:1 to 1:3) gave 1-(6-fluoro-3-(pyridin-2-yl)quinolin-2-yljethanone. 'H



To a stirred solution of 2-0 -aminoethyl)-3-(pyridin-2-yOquinoline-5-carbonitulle (43 mg, 0.157 mmol)
in butanol (1.5 mL) was added Hunig's base (54.5 uL, 0.314 mmol) and

4-amino-6-cpIoropyr_jmidine-5-carbonitrile (26.6 mg, 0.172 mmol) and thgpaclgnwasheated at 110C
for 2 h. Afd¥ hi&Hid e reaction was allowed 20to cool to rt overnight. The resulting white solid was
filtered and washed with hexanes to give a racemic mixture of 2-(( 1S, 1R)-14(6-amino-5-cyano-4-pyr-
imidinyHamino)ethyl 32&%;0 ridiny1)-5-quinolinecarbonitrile. The racemic mixture was separated by
chiral SEC to 2-(’(1@%—81 « ﬁ/ﬁﬁo-S-cyanoA-pyr- 2010/151740PCT/ITS2010/039942 A-1478

WO-PCT- 86 - imidiftypamino)ethyl)-3-(2-pyridiny1)-5-quinaljnec nitrile; R (400 MHz,
chloroform-d) S IR 188 ¥iHa, 4 ,%é@.é?gﬁ%ﬁﬁ.b)‘ﬁz?,@gé’ (?i” {115%?211%?6 %—@%@45 (1 H, dt,J=8.5,
1.1 Hz), 8.14(1 H.) 8.02(1 Hiddy $57.24 1nd BE)), 7.84(ddd, 160257274, (B HA) 77844 H, dd, J=8.6,
7.2 Hz), 7.65 - 7.73 (2 H, 5in), 7,46( d, J=7.7.4.8 N ,ddl J=7.1, 6.7 Hz), 5.31(2
H,s), 1.41 (3 H7d2ﬁ§;—rg; %E))Zréfags%{gzac r&f{;ﬁ %Egclt)mrir%Els%%% %r%g gl((%[lig)i 46- amino-5
-cyano-4-pyrimi thioylamine) difpiiddi2-pydieiesiin-E-yitHr@carbonitrile: 1H NMR (400 MHz,
chloroform-d) S ppm 8.85 (1 H, ddd,q1=4.9, 1.8, 1.0 Hz), 8.53 (I H, d.1=1.0 H#), 8.45 (1 H, dt, 1=8.5,

J=8.6, 7.2 Hz), 7.65 - 7.7 , 7.46(1 H, dddi=7.7, 4.8, 1.2
(2 H, s), 1.41 (3 H, d, 16
assigned based on the P1310
Preparation®f 4-amino-6-0(1S, 1R)_-I7(3-(2-pyridiny1%4,8- .
naphtityridin-2-yBethyfiznTe)Spitiidndbaboifrie e plgrpe (328.2me, 1.233 mmol) in
1-(3-(pyridin-2-y Pk §20aphikyidin-2)gihybearbamatenNHRG8Baool N4 HENed Tata stirred solution
of tert-buty| 3-OX%-%1%_1(‘Q¥ng|1%-12ﬁ1¥Ltou?g ;[?\%Q-gﬁyrlgf fgra?}lat%iggﬂa%on of the mixture on a pad of

Celite™ and rinsing with EtOAc, evaporation of the solvent, and purification of

10 the residue by flash chromatography over silica gel, gradient elution, 0-100%
EtOAc in hexane gave 1-(6-fluoro-3-(pyridin-2-yl)quinolin-2-yl)ethanot. 'H
NMR (400 MHz, DMSO-ds) 8 8.57 (d, /=4.0 Hz, 1 H), 8.28 (s, 1 H), 7.98 (dd.
J=9.2. 4.0 Hz, 1 H), 7.86 (ddd, /=9.2,9.2, 2.0Hz, 1 H), 7.69 (dd./=9.2, 4.0 Hz, 1
H), 7.63 (d, J/=9.2 Hz, 1 1), 7.56 (ddd, ./=9.2,9.2, 2.0 Hz, 1 H), 7.35 {ddd, /~9.2,

15 02, 4.0 Hz, 1 H), 5.31(d, /=40 Hz, 1 H), 5.02 (g, /=4.0Hz, 1 H}, 1.19 (d. J=4.0
Hz, 3 H). Mass Spectrum (EST) m/e = 269.0 (M + 1).
2-(_1-Chloroethy]}-ﬁ-ﬂuor0~3—(pyridin~2—yl}quineliue

Sutfurous dichloride (0.058 mL, 0.792 mmol) was added to 1-(6-fluoro-3-(pyr-

20 idin-2-yl) quinolin-2-y1) EtOH (213 mg, 0.792 mmol) in DCM (20 mL). After the
addition, the mixture was stirred at rt for 2 min. The mixture was concd and the
residue was diluted with DCM (10 mL), the organic phase was washed with 15
mL of diluted satd solution of NaHCO: (25%, v/v), followed by brine. The
organic layers were dried and concd. Purification of the residue by flash

25 chromatography over silica gel, using 20% hexane in EtOAc, gave 2-(1-



20 g, 2.270 mmol) in EtOH (26.5 mL, 454 mmol) was added potassium hydroxide (0.382 g, 6.81 mmol)
and 2-amino-3-formylpyridine (0.277 g. 2.270 mmol). The reaction was stirred at rt for 5 min and then
it was heated at 90 C for 2 h. After this time the reaction was cooled to rhevapekaiedsds vacuum and
purified by\g&l}%%%%%?natography (hexanes:EtOAc, 1:0 to 0:1) to give ten-butyl 1-(3- 2
5(pyridin-2-yl)-1,8-naphthyridin-2-yOethylcarbamate. A-1478 WO-PCT- 87 -
1-(3-(Pyridin-2-y1)-1,8-naphthyridin-2-yDethanamipe Boc,NHNH2 NN ININ To a stirred solution of
tert-butyl 1-(3-(pAmidift 2L, -naphthyridin-z-yl)‘é%ﬁyl- carbamate (45 mg, 0.128 mmol) in DCM (1.5
mL) was added trifluoroacetic acid 9ttlL, 1.284 mmol). T i j a1t for 4 h. After
this time the reaﬁ%}Bﬁm)ﬁ%ﬁﬂ%ﬁé%(%&l glé%'@@walggmLﬁ%ﬂ@%ﬁ%&%@épamed organic
layer was dried @eesoMgBQ4, filteretians évapsratdddn/vacud tzghid)8.04 (ddd,

(3-(pyridin-2-y1)-1 8-naphthyridin-2-y inige. trg (£S5} /e 5)252:0.
104-Amino-6-((({'§‘%[é2?’%@ﬁf’-gy%)di?m%%@%?ng%h%ﬂgﬁ%i%ﬁ C;g? éﬁ?r%ﬁog-ﬁ)N To a stirred solution
of 1-(3-(pyridin-2éda)-E8hashthfridin 2Hpbthatiariing (30 ?ad:f%yé%{n”%i Hz, 3 H).

4-amino-6-(g1Iong@ﬁgmﬁﬁ-@ggqmyuez@&ﬁ?x{mg,)o.120 15mmol) in n-butanol (1.5 mL) was added
Hunig's base (41.7 uL, 0.240 mmal). The

. reaction was stirred.at 120.C.for 4 . After this time the
reaction was co&wté‘ﬂ‘ﬁﬁﬂ"ﬁhﬁﬁ' BVF%K%F%%H&\?—S%&WBE@FQr%aﬁ?g%ti%é gg’a‘ ni%fl’tgwater, from 10%
to 60%) to give JyacEeimintucelafatimmineca il SURY-an(Eg2L iy rinfiporor 3gpyridin-2-
naphthyridin-2-y)ethy pamino) pAayimiAine cATBRMIELA; i (0 MidRitrile

NH:  en Nz

NH»
ff fi*
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10 To a solution of 4-amino-1H-pyrazolo[3,4-d}jpyrimidine-3-carbonitrile in DMF (2
mL) was added sodium hydride, 60% dispersion in mineral oil (27.8 mg, 0.694
mmo!) with stirring at 1t for 10 min. To the mixture was added a solution of 2-(1-
chloroethy?)-6-fluore-3-(pyridin-2-yDquinoline (181 mg, 0.631 mmol) in DMF (1
mi) and the stirring continued at rt for 2 days. Then potassium carbonate (96 mg,

15  0.694 mmol) was added, and the stirring was continued at 70 °C for another 7 h.
The mixture was diluted with Et,O and the resulting solid triturated with Et,0 and
fitered. The solid was rinsed with EtOAc. The filtrates werc concd and
purification of the residue by flash chromatography over silica gel, gradient
elution, 50-100% EtOAc in hexane gave a racemic product. The racemic product

20 was subjected to chiral separation (ChiralpakTM A column, 30 x 250 mm, 5 mm),
using 15% isopropanol in hexane as eluent, which gave (S)-4-amino-1-(1-(6-
fluoro-3-(pyridin-2-yljquinolin-2-ylethyl)-1 H-pyrazolo[3.4-d]pyrimidine-3-
carbonitrite. 'F NMR (500 MHz, DMSO-ds) 8 8.51 (ddd, /=5.0, 2.0,1.0 Hz, 1 H),
8.37 (s, 1 HD), 8.11 (s, 1 H), 8.08 (dd, /=93, 5.0Hz, 1 H), 7.85 (dd, /=9.3, 5.0 Hz,

25 1H),7.80-7.70 (m, 2 H), 7.42 (d, /=5.0Hz, 1 H), 7.25-7.21 (m, 1 H), 7.03-
6.95(m, 1 H), 1.90 (d, J=5.0 Hz, 3 H). Mass Spectrum (EShHm/e=411.1 (M + 1);



20chloroform-d) 8 ppm 9.18 (1 H, dd.1=4.3, 2.0 Hz), 8.83 (1 H, dddi=4.9, 2.0, 1.0 H
,dd.1=4.3, 2. , 8. , =4.9,2.0,1.0 Hz), 8.23 - 8.28 (2 H,
m), 8.05 (1 H, s), 7.90 (1 H, td, 17.7, 1.8 Hz), 7.66 (1 H, dt,1=7.8. 1.2 Hz), 7.55 (1 H, dd, J=8.1, 4.2(

Hz), 7.42(1%#% ].;1:&2‘ 6,4.9,1.2 WO 2010/151740PCT/US2010/03994214:dA180¥We2PCT-88 - Hz)
7.15-7.26 : m:}, .86(1 H, t,1=7.1 Hz), 5.25- 5.39(2 H, m), 1.56(3 H, d,1=6.7 Hz). Mass Spectrurr’l
(ESI) m/g = 369.2. Example 26: Preparation of 4-amino-6-4(1S, IR)-1-(3-(2-pyridinyl)-1,6-
naphthyr_ld_ln-2-yf|elth_>§)amin%i-S-Pyrimidinecarboni jle Stert-Butyl ’
3é§?i)(p€/:|%|n-2-y}f)gi, d%cl)#;ﬁ ljg;bridin-z-yﬂethylearb milte Boc,NH zKN N N To a stirred solution of
-butyl 3-ox0-4- I”I'-ﬁ%?) itan-2-ylcarbamate (0, 0 A57-r nd-A=aminonicotina
(0.092 g, 0.757 ﬁﬂ*mﬂﬁp = (fy. 4(r%I?{,uigoljrim%ﬁ§lév%§%)§3§8¥p§ogaggmin%fg§§e (0.127 g Eg%de
mmol). The 10reaekiohdis freatéil ab refibsnion2. ﬁﬂﬁM&Eﬁ@QiM@%h@%%@ﬁéﬁ\/@a@ evaporated in

v S AU HETAR Y P e 586, 0 ol
1-(3-(Pyridin-2-ﬁ)’@f@.ﬁéﬁdﬁhmi}}_i_{%ﬂ@tHaﬁ}irﬁi%’f.70 (m, 2 H), 7.42 (d, J=5.0Hz, 1 H),
5 7.25-7.21 (m, 1 H), 7.03-6.95(m, 1 H), 1.90 (d, /=5.0 Hz, 3 H). Mass Spectrum
(ESDm/e=411.1 (M + 1),
Example 21: Preparation of 4-amino-6-(((1S)-1-(5-chloro-3-(2-pyridinyl)-2-
qainolinyl}ethyl)amino)—S—pyrim%dinecarbonitrile and Example 22: 4-amino-
6-(((1R)~i-(S-Chlero-B-(Z—pyridinyi)uz-quin{)}inyi)ethyl)amim)-‘s-pyrimidine-
10 carbonitrile
2-Amino-6-chlorobenzaldehyde

CHO CHO
cl NO, cl NH,

To a stirred solution of 2-chloro-6-nitrobenzaldehyde (2.0 g, 10.78 mmol) in IM

HCI (20 mL) was added iron powder (6.02 g, 108 mmol) and the reaction was
15 heated at reflux for 2 h. After this time the reaction was cooled to rt and EtQAc

was added. The separated organic layer was dried over MgSOs, filtered and

evaporated in vacuum to give 2-amnino-6-chlorobenzaldehyde. Mass Spectrum

(EST) m/e = 1562 (M + 1).

tert-Butyl 1-(5-chloro-3-(pyridin-2-yhquinolin-2-ylethylcarbamate

Boc..
NHBoc o N

G O\
cl NH;
[ S
=N LN Cl

Tert-Butyl 3-ox0-4-(pyridin-2-yhbutan-2-ylcarbamate (0.600 g, 2.270 mmol) and
2-amino-6-chlorobenzaldehyde (0.530 g, 3.40 mmol) in EtOH (26.5 mL, 454

mmol) was treated with potassium hydroxide (0.382 g, 6.81 mmol). The reaction

20

was heated at refiux for 1 h. After this time LC/MS shows desired product. The
o5 reaction was then cooled to rt and evaporated in vacuum. The product was

purified by column chromatography (hexanes:EtOAc, 1:0 to 2:1) to give tert-butyl

1-{5-chloro-3~(pyridin-2-ylquinolin-2 -ylyethylcarbamate.



15To a stirred solution of tert-butyl 1-(3-(pyridin-2-y1)-1,6-naphthyridin-2-34)ethyl- carbamate (30 mg,
0.086 mmol) in DCM (1.5 mL) was added trifluoroacetic acid (66.0 uL, 0.856 mmol). The reaction was
stirred at rt for gfﬂhd /Aflt%rothis time the reaction was partitioned between REM(%@19akdsand brine (10
mL). The s aiate Dorganic layer was dried over MgSO4, filtered and evaporated in vacuum to give 1
- 2 0(3-(pyridin-2-y1)-1,6-naphthyridin-2-yl)cthanamine. Mass Spectrum (EST) tri/fe = 251.0. WO
2010/151740PCT/US2010/039942 A-1478 WO-PC]J-89 - 4-Amino-6-4(1S,
111)-1-(3-(2-pyrfﬂiﬁﬁ'ﬂ’)&f}]@ﬁ%‘f)ﬂthyridin-2-yDethyp"a%%iho)- 5-pyrimidinecarbonitrile  To a stirred
solution of 1-(3-(féridin-2-y0-1,6-m ﬁh hgiﬂdin-Z%l_;(_at, al 1aaminee(15 5mg, 0.060 mmol) in butanol (1.5
mL) was added &~ nﬁﬁ@'@’énm%b% A B Erbonitrile (9.26 mg, 0.060 mmol) and
N-ethyI-N-isopropylpropmc?\-&qwine (20.93 uL, 0.120 mmol). The reg€tion was heated at 120 C for 2 h.
After this time the reaction was cqoled to rt. The resulting precipit 8§ and washed with
hcxanes to give racemic 4- , IR)-1-(3-(2-pyridinyl)- P
101,6-naphthyridin-2-ypet rimidinecarbOnitrile. 1§ NMR (400 MHz, chloroform-d) S ppm
9.33 (1 H, s), 8.83 (2 H, di| f=5.9 Hz), 833 (1 H, s), 8.14(1 H. s), 8:8%1 H, d, tt5.9 Hz), 7.93 (1 H, td, (I
=7 .7, 1.8 Hz), 7.64(2 H. 1=7.8 Hz), 7.44(1 H, ddd,1=7.6, 4.9, 1.0 Hz), 6.15 (1H, m), 5.28 (2 H, bs),
1.38 - 1.43 (3 H. 1) Mass Sneniiusn (eSi)ylie-& 2516 Massi@pseruauiesn) hribethy5369.2. Example
27: Preparation of 4-amjno:-6x(1-(65flyaro-4-(met I r 3¢ : acetic acid
phenquuinolin-zgﬁ derﬁﬁlyffz;er}nbi{r)]o ébgi%ﬁ%é@%z%%i{t%%))zia:‘bﬁgﬁgrtg%l-lﬁlrjgrcgzc-g%enquuinoline

5 (602 uL, 7.82 mmol) and the reaction was stirred at rt for 2 h. After this time the

reaction was evaporated in vacuum and the residue was dissolved in DCM (30
mL). HCI(1.0M) was then added and the separated aq. tayer was washed with
DCM (20 mL). The aq. layer was then basified to pH 14 and extracted with
EtOAc (x 2). The combined organic layers were dried over M oS0y, filtered and
10 evaporated in vacuum to give 1-{5-chloro-3-(pyridin-2-yDquinolin-2-yl)ethan-
amine.
4-Amino-6-{((1 S)-1-(Suchlor0—3-(2—pyridiny§)~2-quimﬂiayl)ethyi)amino)—S«
pyrimidinecarbonitrile and 4-amino-6-(({1R)-1-(5-chloro-3-(2-pyridinyl)-2-

quinolinyl)ethyi)amino)-s-pyrimidinecarbﬂnitrile

e on NH, NH,
NTTS A _CN (P ON
e o e Nk | -
: SNTONH N7 NH
S 1N“
P P
LN i LN Ci
15

To a stirred solution of 1-(5-chloro-3-(pyridin-2-yl)quinolin-2-yl)ethanamine (95
mg, 0.335 mmol) in butanol (4.0 mL) was added Hunig's base (116 uL, 0.670
mmol) and 4-amino-6-chloropyrimidine-5-carbonitrile (56.9 mg, 0.368 mmol).
The reaction was heated at 120 °C for 2 h. After this time the reaction was cooled
20  tortand the precipitate was collected and washed with hexanes to give a racemic
mixture of d-amino-6-((1S, 1R)-1-(5-chloro-3-(2-pyridinyl)-2-quinelinyl)ethy)-
amino)-3-pyrimidinecarbonitrile. The racemic mixture was separated by chiral
SEC to give 4~amino-6-(((15)-1 -(5-chloro-3-(2-pyridinyl}-2-quinofinyethyl}-
amino)-53-pyrimidinecarbonitrile 1H NMR (400 MHz, MeOH) & ppm 8.76 (1 H,



Ph Ph HO NCIN 20A stirred solution of diethyl 2-phenylmalonate (31.9 g, 135 mmol) in pyridine
(14.56 inL, 180 mmol) was added 4-fluoroaniline (10.00 g, 90 mmol). The WO 2010/151740PCT/U

82010/0399422éf17471§ WO-PCT- 90 - reaction mixture was heated to 13Q-&ySikdngesentinued for 16
h after which tHe (ﬁ\/lé show very little starting material. A further diethyl 2-phenylmalonate (31.9 g,
135 mmol) was added and stirring continued for 24 h. The reaction mixture was concd in vacuum. The

residue was taken 145 in DCM jﬂlOO mL) and 5wash§g_with NaHCO3 (x 2). The separated organic layer
was dried, filtereth & ¥ &Qpdrdted in vacuum. Thé Fésidue was purified by column chromatography

h :EtOAC, 3;1) to gi t -(4-fl j - - t d
o, A rxture of Byt 3100 o G O e e e T water

?, crude) in THE-water
(40 mL-10 mL) was-eated With 1ORtAium DydixidedpLd Bonandstirréd 8d%t{or 114 After this time the
reaction was

1.1 Hz), 598 (1 H, q, J=6.8 Hz), 1.42 (3 H, d, /=6.7 Hz) Mass Spectrum (ESIH)
m/e = 402.0 (M + 1); and A-amino-6-(({ 1R)-1-(5-chloro-3-(2-pyridinyD)-2-
5 quinolinyl)ethyl)amino)—S—pyrimidinecarbonitriie (21 mg) IH NMR (400 MHz,
MeOH) & ppm 8.76 (1 H, ddd, /=4.9, 1.8, 1.0 Hz), .60 (1 I, d, /~=0.8 Hz), 8.11 -
8.14 (1 H, m), 8.05 (1 H,td, /=77, 1.8 Hz), 7.97 (1 H,8). 7.75 - 7.83 (3 H, m),
7.55(1 H, ddd, /=7.7,4.9, 1.1 Hz), 5.98 (1 H, ¢, J=6.8 Hz), 142 (3H,d,J=67
Hz). Mass Spectrum (ES[) m/e = 402.0 (M + 1). {Absolute configuration was
10  assigned based on the P13K3 potency of each of the separated cnantiomers).
Example 23: Preparation of 2-((18)-1-((6-amino-5-cyano-4-pyrimidinyl)-
amino)ethy})-3-(2-pyridinyl)-5-quinolinecarbonitrile and Example 24: 2~
((I.R)—i,»{(G-amin0~5~cyan0—4-pyrimidinyl)amino)ethyl}-3»(2-pyridinyl}—5—
quinolinecarbonitrile

15 tert-Butyl 1-(5-cyano-3-(pyridin-2-yl)quinelin-2-ylethylcarbamate

Boc~ BoC~ iy
i . $
~x & l = &
I =N Gl =N CN

To a stirred solution of fert-butyl 1-(3-chloro-3-(pyridin-2-yl)quinolin-2-yl)ethyl-
carbamate (120 mg, 0.313 mmol) in NMP/Cy>NMe (3.0 mL/1.0 mL) was added
palladium bis(trifluoroacetate) (31.2 mg, 0.094 mmo}), 2-(dicyclohexylphos-

20  phino)-2',4.6" -tri-i-propyl-1,1"-biphenyl (89 mg, 0.188 mmol) and cyanotributyl-
tin (99 mg, 0.313 mmol) and the reaction was heated at 150 °C for 2 h. After this
time the reaction was partitioned between EtOAc and water and the separated
organic layer was dried, filtered and evaporated in vacuum. Colurmn chromate-
graphy (hexancs:EtOAc, 1:0 to 1:1) gave tert-butyl 1-(5-cyano-3-(pyridin-2-

25 yhquinolin-2-yl)ethylcarbamate. Mass Spectrum (ESD) m/e =375.0



acidified to pH 2 with coned HC1 and then it was extracted with EtOAc. The separated organic layer
was dried over Mg504, filtered and evaporated under reduced pressure to give
3-(4-f|uoropbenxl%[pii%g%-3-oxo-2-phenylpropanOic acid, used as such fopgheReeaiensA mixture of
3-(4-f|uor0|§f‘1%r%y amino)-3-oxo-2- 1 5phenylpropanoic acid in polyphosphoric acid (0.6M) was stirred at
130 C for 2 h. After this time the reaction was cooled to rt and treated with 2M aq. sodium hydroxide
until a precipitate formed. The precipitate was filter gl and washed with 1M aq. sodium hydroxide and
dried under vactat {8 &f%%c‘ uoro-3-phenquuinbﬁné-2,4-dio|. A mixture of
6-fluoro-3-phenylquinoline-2 4-§i | (1 eq) and 20phosphqrus c% ide (10 eq) was heated at 100 C
for 2 h. After thigﬁﬁié'ﬁ’fé‘% & '6% 5?%%6?&%’%%‘% g%%eg/g%%%@éé kE%]der reduced pressure. The
resulting brown residue wa$stakgn up in DCM and washed with witer. The separated organic layer
was dried over MgSO4, filtered Jand,gvaporated under reduced presgui
purified by column chromatorapp/ (G
2,4-dichloro-6-fluoro-3- phepyguinak#
4-Chloro-2-ethy1-6-fluoro- Lpb
WO-PCT- 91 - A mixture of 274-dichloro-6-fluoro-3-phenylquinoline (1.46 g, 5 mmol), diethyl- zinc (1M
in hexane, 1.02 @q): KREODROT of, B0 Bdylants Ra@idppodiDE KN EBRYBL Be8HY, 0.1 eq) in THF
(25 mL) was purged with, N%@%% 40 Peiers heating o reflyix.Alier6 hifthe-seactionivas quenched
with NH4CI and extracted 5with EtOAc. The residue Was‘ﬂp%ri{iec% b)égorrhbi;{@sij}ﬁptsi ica gel (EtOAc/-
hexane, 1/35to gAY awHife! S8y A&l SiGFACIo8H BT F5 5 Bhany guinoline. "H-NMR (500 Hz,
CDC12) 68.03 (dBk d-ac8c, whad dapdrityd 778 (e ombmd818, sz aHistoed N 614), 7.19-7.21
(..m, 2H), 2.70 (g, J.= wd % = Z,. 3 Wmie = 286 (M + 1).
102-(1-Br0moetﬁ§ 26@&?0@)%&3%&%%% %&gap%gﬁlg%lﬁljo)ﬁtr%as ' ﬁ%&%&&%ﬁﬁé&

DCM (20 mL). The aq. layer was then basified to pH 14 and extracted with

EtOAc. The separated organic layer was dried over MgSQs, filtered and

10  evaporated in vacuum to give 2-{ l-aminoethyl)-3-(pyridin-2-yl)quinoline-5-
carbonitrile. Mass Spectrum (ESI) m/e = 275.2
2-((1S)-1-((6-Amino—5-cyan0-4—pyrimidiny]}amino)ethyl)uS-(anyridiny})-s-
quinolinecarbonitrile and 2-({1R)-1-((6-2mino-5-cyano-4-pyrimidinyl)-

amino)ethyl)-3-(2-pyridinyl)-3-q uinclinecarbonitrile

NH.
CN
Ef: | NH NH,
= CN GN
NTRE N g\ls\/ |
N K”N NH SN NH
= l = : N\ N\.
| E i P
=N CN e o 2
L =N CN i =N ChN

15
To a stirred sotution of 2-(1 _aminoethyl)-3-(pyridin-2-yl)quinoiine-3-carbonitrile

(43 mg, 0.157 mmol) in butanol (1.5 mL) was added Hunig's base (54.5 ul, 0.314
mmol) and 4-amino-6-chloropyrimidine-3-carbonitrile (26.6 mg, 0.172 mmol) and
the reaction was heated at 110°C for 2 h. After this time the reaction was allowed
20 to cool fo rt overnight. The resulting white solid was filtered and washed with
hexanes 1o give a racemic mixture of 2-((1S, 1R)-1 ~({6-amino-5-cyano-4-pyr-
imidinyl)amino)ethyi)—B-(2—pyridinyl}—5mquinolinecarbonitrﬂe. The racemic
mixture was separated by chiral SFC to 2-((1 S)-1-{{6-amino-5-cyano-4-pyr-



Br A mixture of 4-chloro-2-ethy1-6-fluoro-3-phenylquinOline (1.0 g, 3.5 mmol) and NaSMe (0.491 g, 2.0
eq) in DMF (8 mL) was heated to 60 C under N2 for 30 min. The reaction mixture was cooled to rt and
partitioned between Et20 and 15water. The organic layer was separated, Wastgd:\Wids Lrine, dried and
coned. The'f8JfE W4 purified on combi-fl ash on silica gel (EtOAc/hexane, 1/8) gave a white solid as
2-ethy1-6-fluoro-4-(methylthio)-3-phenylquinoline. 2-Ethy1-6- fluoro-4-(methylthio)-3-phenylquinoline
(500 mg, 1.7 mmol) and 1,3-dibromo5,5-dimethylhydantoin (336.5 mg, 0.7 eq) were suspended in
carbon tetrachlofidd POPOREY. To the mixture was@dded benzoyl peroxide (41 mg, 0.1 eq) and the
mixture was heated at reflux for 3 h. After cooling tort, to ,the,mixtutrel W Wﬁi d ag. sodium
bicarbonate solUFBHEIBAHIND st et 8 Kl APt RREA TR AT SayEr Was extracted with
CH2CH2 (10 mbLy12) chRecsarmbingd sroaniciaye trivverel Wwashetl With) bting (BH.mL), dried over
Na2S04, filtered, and concd under 25redyc essu v yEup ~, This material was
used as such Wi't’ﬁét?[ }f{fr}h%?‘b&lﬁcérd%gﬁa?é %@eﬁﬁﬁ&%ﬁ% L@?@%?’FS%%A Pl? WO
2010/151740P CHAIS2610/B38042 AL B $1V.O-PIAT92dd 2t (6 Fiuded 7.65 - 7.73 (2 H,

4-(methyithio)-3-gpomquipplin 2 Wethhispinglized.& dione. Armixiarafs.s1 @ 1
2-(1-bromoethyf§-6-fluo 0-4*(methylthio)-3-phenylqui110l1ne (12Q 5mg, 0,32 og DMF (1.5 mL)
was treated withsphtHalfmidedpdtassiim Mat8osr e &-al)aver i&?’ﬂiﬁkﬁém é%/o SM remianed.
The reaction mixtehgovasdaaateciaaieyipmedu ehei -CMGshioyed-qgompletionbThe reaction was
repeated on a 500 mg scale. The two reaction mixtures wer ined.and partitioned between Et20
and water. The %ﬁiciﬁm:%@gv g%tgfg?’wggsrﬁlég? ]%d%@i%egb%g?kgﬁg%,’é%r?é@d I5’;i§ijfe|bgurified by
combi-flash (EtOAefhexsane 10/d, te=LiB)ito, §ivé & Whide sotid.as] Hz), 8.14 (1 H, s), 8.02 (1
2-(1-(6-flucrg-4-(methydthio) 3 ineling2-4H)- ety pispindoliner Lid-diane. 12 LMR (500 Hz,
CDC13) 881@8 (é%qr%f&}lﬁg) 5?0%?%%5?%’%3%, e ’1g}¥4.osz, 1|(—|), 7.70-7.74 (i ,ijl%?);, 7.50-7.53 (m,
2H), 7.33- 7.37 (F62H),73. 135 1. (oY1 5188 (735 46 K2 11); %.369(&,{3%;”1%1’& J = 155.0 Hz,
3ffi. Mass Spectryg), (ES1pr/esy; A48EMIFdLY=6.7 Hz). Mass Spectrum (ESD) m/e = 393.0.

{Absolute configuration was assigned based on the PI3KS potency of cach of the
separated enantiomers).

15  Example 25: Preparation of 4-amino-6-({(15, IR)-1-(3-(2-pyridinyD)-1.8-
naphthyridin-2-ylethyl)amino)-5-pyrimidinecarbonitrile

fert-Butyl 1-(3-(pyridin-2-y1)-1,8-naphthyridin-2-ylethylcarbamate

NHBo¢ BOC\NH
0 szji\lj !N\ N
P
E = OHC = 1 =
=N N

To a stirred solution of rerr-butyl 3-oxo-4-(pyridin-2-yDbutan-2-ylcarbamate (0.6
20 g 2.270 mmol) in EtOH (26.5 mL, 454 mmol) was added potassium hydroxide
(0.382 g, 6.81 mmol) and 2-amino-3-formylpyridine (0.277 g, 2.270 mmol). The
reaction was stirred at 1t for 5 min and then it was heated at 90 °C for 2 h. After
this time the reaction was cooled to rt, evaporated in vacuum and purified by
column chromatography (hexanes:EtOAc, 1:0 to 0:1) to give tert-butyl 1-(3-
25 (pyridin-2-yl)-1,8-naphthyridin-2-yl)ethylcarbamate.



1-(6-Fluoro-4-(Inethylsulfony1)-3-phenylquinolin-2-yflethanamine SMeSO2Me To solution of
2-(1-(6-fluoro-4-(methylthio)-3-phenylquinolin-2-ypethypisoindoline-1,3-dione (200 mg, 0.45 mmol) in
THF (6 nth angoy%glg 8mL) was 20added oxonc (556 mg, 0.90 mmol, 24k &k1knFae resulting
suspension ' was hiteed e rt overnight. The reaction was incomplete. Oxone (556 mg, 2.0 eq) was
added and the reaction mixture was stirred at rt overnight again. LCMS showed completion. The
reaction mixture was partitioned between EtOAc and. water. The WO
2010/151740P0éf‘71;5;§gd¥@/6)%42 A-1478 WO-PCT- 93 - organic layer was separated, washed with
brine, dried, and coned. The residue was dissolved in.EtOH (5 ml ) and treated with NH2NH2 (0.5 mL)
at 60 C for 30 miA3ARer '6‘(5’61%"%;&6%1%7'{%85&’% Ef%ﬂ"%'qkﬁﬁaﬂé?ga%rtitioned between EtOAc and water.
The organic layer was separatgd, washed with water, brine, dried,Nid 5coned to give a pale yellow oil
as 1-(6-fluoro-4-(methylsulfonyl)-3;phgrwlquin- olin-2-ypethana i N aterial was used as such

larno -/pyrimidine-S-carbonitriIe
10S0O2Me A mixture of 1-( -fl/u ro-4-(methylsulfony1)-3-phen lin-2-ypethanamine (152 mg, 0.44
mmol), 4-amino-6-chloropyrimidine-5-carbonitrile (68.2 mg, 1.0 eq) and Hunig's base (0.094 mL, 1.2
eq) in n-BUOH (Zonljtittas heated td &36LardVefhightidihelrilxtfentriEossiBdd ietebned, then
dissolved in DME (2 ml, ) Laand purified iy 1eyesessHPE G Thefraglionsinveie-cembined, coned and

filtered to give a white crystal as 4-amino-6-(1-(6-fluoro 4 . e
(methylsulfony 1) pthedyis dimempl N SRS By Fifithine - & drbiiias fENRiR (400 Hz,
DM50d6) 68.61 (dghiibir 849 pértidZed bw@25M(d0] 048 B10) h0 MmeXH) J7.87EReoR(#RIoH), 7.37-7.50

ErEné,‘r;Fl'r)]f:'zfegs ’(R%L{ai%_l'ﬂl)ga?e?%'% 13 (1, A 322 (0 360 o1 P2 o0 T8 bt A InMass Spectrum
(3~(pyridin-2-y})-1,8-naphthyridin-2-yl)ethanamine. Mass Spectrum (ESH m/e =

251.0.
10  4-Amino-6-(((1S, 1R)-1-(3—(2~pyridinyi)—1,8—naphthyridin-Z-yl)ethyi}amim}}—

5-pyrimidinecarbenitrile

NH»
N NH,
NS ° i CN
m = N™ I
N N N NH
= B N N
Yy — s
I
1 N 1\ s
7 =N

To a stirred solution of 1-{3-(pyridin-2-y1)-1,8-naphthyridin-2-yl)ethanamine (30
mg, ¢.120 mmol}, 4-amino-6-chloropyrimidine-5-carbonitrile (18.52 mg, 0.120
15  mmol) in n-butanol (1.5 ml.) was added Hunig's base (41.7 ul, 0.240 mmol). The
reaction was stirred at 120 °C for 4 h. After this time the reaction was cooted to 1t
and purified by reverse phase HPLC {gradient of acetonitrile;water, from 10% to
60%) to give a racemic mixture of 4-amino-6-(((1S.1 R)-1-(3-(2-pyridinyl}-1,8-
naphthyridin-2-yl)ethyl)amino)-5 -pyrimidinecarbonitriie. 1H NMR (400 MHz,
20 chloroform-d) 8 ppm 9.18 (1 H, dd, /=4.3,2.0 Hz), 8.83 (1 H, ddd, /=4.9,2.0, 1.0
Hz), 8.23 - 8.28 (2 H, m), 8.05 (1 H, ), 7.90 (1 H, td, /=77, 1.8 Hz), 7.66 (1 H,
dt, J=7.8, 1.2 Hz), 7.55 (1 H, dd, J=8.1, 4.2 Hz), 7.42 (1 H, ddd, J=7.6,49,12



A-1478 WO-PCT- 94 - Example 28: Preparation of 4-amino-641-(6-fluoro 4 (methylsulfonyl)-3-
phenylquinolin-2-yflethylamino)-Pyrimidine-5-earbonitrile NH2 NH2N NH S e SMe
2-(1-(6-Fluoro-4-(methylthio)-3-phenyl quinolin-2-yOethyl)i soindol ine-13-die9g §dB9smg, 0.18 mmol)
was dissolv&8 ARG mL) and treated with NH2NH7 (0.2 mL) at 60 C for 30 min. After cooling to rt,
the reaction mixture was partitioned between EtOAc and water. The organic layer was separated,
washed with water, brine, dried, and coned to give a pale yellow oil. The material was used as such for
the next step. At thisimaterial, 4-amino-68§h"|oropyr- 10imidine-5-carbonitrile (28 mg, 1.0 eq)

and Hunig's base (37.9 uL, 1.2 eq) in.n- BUOQH (2 mL) e C_qverpight.,The mixture was
cooled to rt., coréd; Gissoiéd ih DM ?ZOFn% %ﬁ‘d%’brﬁ%%b%e%ﬁ?%ﬁﬁ%ﬂ%&;&%%ﬁ 20/1) to give a
pale yellow solidy, THsN MR} (40R:-5p-BMSQERE)8/8:0868.122 (m, 2H), 7.86 (s, 1H), 7.72-7.75 (m, 1H),
7.34-7.47 (m, Sw%glﬂzéf(?l\ﬁﬁ %r%ﬁ'a?raéi%éb}%a%ﬁmé—}m821%~<§_(33m%§‘@351@1)3158-0 Hz, 3H). Mass

Spectrum (ES!) m xample 29: Preparation of 4-amino-648-fluoro-3-(2-(methylsulfonyl)-
phenyl)quinolin-2aghtietigiardnbpsyrbsemine)sSaamsitinecs LA thyisulfinyl)phenyl)acetonitrile
ONCN S*() 20MgM e it Rt-pianeyopoRghitiiateiocngguhdi¢dvba@ant, 25.3 mmol), 242-
(methylthio)phenyl)acetonitrile (1.65 g, 10.11 mmol) and 5g wet maggmorillonite clay (ca. 20% water by
weight) in DCM (60 mL) Wasostirred vigorously at rt for 4 h, after which tifle no starting material
remained and predomi Sulfoxiegn

N
O ‘
—_— /N
= orc” >N

=N

|

To a stirred solution of fert-butyl 3~oxo-4-(pyridin-2-yl)butan-2-ylcarbamate (0.20
g, 0.757 mmol) and 4-aminonicotinaldehyde (0.092 g, 0.757 mmol)in EtOH (8.84
mL, 151 mmo!) was added potassium hydroxide (0.127 g, 2.270 mmol). The

10 reaction was heated at reflux for 2 h. After this time the reaction was evaporated
in vacuum and purified by column chromatography (hexanes:EtOAc, 1:0 to 0:1)
to give tert-butyl 1-(3-(pyridin-2-y1)-1 ,6-naphthyridin-2-ylethylcarbamate.
1-(3-(Pyridin-2-yi)-1,6-naphthyridin-2-yl)ethanamine

BOC\NH

15  To a stirred solution of fert-butyl 1-(3-(pyridin-2-yl)-1,6-naphthyridin-2-ylethyl-
carbamate (30 mg, 0.086 mmol) in DCM (1.5 mL} was added trifluoroacetic acid
(66.0 uL, 0.856 mmot). The reaction was stirred at 1t for 4 h. After this time the
reaction was partitioned between DCM (40 mL) and brine (10 mL). The separated
organic layer was dried over MgSQOy, filtered and evaporated in vacuum to give 1-

20 (3-(pyridin-2-y1)-1,6-naphthyridin-2-yhethanamine. Mass Spectrum (EST) m/e =
251.0.



25was detected by LC-MS. The reaction was filtered to remove solids, rinsed with A-1478 WO-PCT-
95 - DCM, and the filtrate concd under reduced pressure to afford a colorless solid, which was used
without further urifig:agon. Mass Spectrum (ESI) m/e = 180.1 (M + 1) (sylfopielen/39042
8-Fluoro-34§9( é‘fﬂ)?fgu?finyI)phenyl)quinulin-z-amine 5 A mixture of sodium ethoxide (6.87 mL,
18.41 mmol), 2-(2-(methylsulfinyl)- phenyfiacetonitrile (1.65 g, 9.21 mmol) and
2-amino-3-fluorobenzaldehyde (1.281 g, 9.21 mmoé)%jn EtOH (5 mL) was heated to 75 C for 1 h then
equilibrated to rfahti7 el id-Bit At rt overnight. Theréaction was partitioned between 100 mL water
10and 50 mL EtOAc and left to separate gvernight. The orgapjc layer was.stirred over,anhydrous
magnesium sulfatéoieréd Gha ﬂﬁ%‘t@'éﬁ’ﬁﬁﬂy%i’ré? %%%{éﬁ ‘b}/f%%)syﬁyz) éhgﬁg?giggi:k yellow oil. The
material was usecpwithagidfevirpemrification. Mass Spectrum (ESI) m/e = 301.1 (M + H.
8-Fluoro-3-(2-(methylsultonyl)phenyOquinolin-2-amine H2N NH2N N;i5MeMe A mixture of
8-fluoro-3-(2-(methyls¥finyfiphenyfiquinolin-2-amine (2.26 g, 7.52 ! ol)g)@smium tetroxide (0.118 mL,
0.376 mmol) and 4.0 [ehiorpholine N-oxide (0.881 g, 7.52 mm %(20 mL) and water (5.00
mL) was stirred ove@ig}m{at rt, aftemwhich time LC-MS indicated nogtariipg material remained. 20 The
reaction was coned uiNderdeduced pressure-and the concentrate partitioned ketween DCM and 10%
ayer was stirred over maghesifim Sulfale, filtered and the
d a yellow solid. The cr ¥ used without
further purification. Mass Specti. ST)m/le=317.0 (M +1). WO
2010/151740PCT/US20101039942 A-1478 WO-PCT-96 - ‘
8-Fluoro-3-(2-(methy isuittrspiypvenyl) b(ineimiditt Byl -naphtbyridin-2-ylethanamine (15
5 mg, 0.060 mmol) in butanol (1.5 mL) was added 4-amino-6-chloropyrimidine-3-

carbonitrile (9.26 mg, 0.060 mmol) and N-ethyl-N-isopropylpropan-2-amine
(20.93 uL, 0.120 mmol). The reaction was heated at 120 °C for 2 h, After this
time the reaction was cooled fo rt. The resulting precipitate was filtered and
washed with hexanes to give racemic 4-amino-6-(((1S, 1R)-1-(3«(2-pyridinyl)-
10 1,6Mn aphthyridin—2-y1)ethy1')amin0)—5—pyrimidinecarbonitrﬂe. 1H NMR (400
MHz, chloroform-d) & ppm 9.33 (1 H, 5), 8.83 (2 H, d, J=5.9 Hz), 8.33 (1 H, s),
8.14 (1 H,8), 8.02(1 H, d, /=59 Hz), 7.93 (1 H,td, /=7.7, 1.8 Hz), 7.64(2H,d,
J=7.8 Hz), 7.44 (1 H, ddd, J=7.6, 4.9, 1.0 Hz), 6.15 (1H, m), 528 (Z H, bs), 1.38 -
1.43 (3 H, m). Mass Spectrum (ESI) m/e = 251.0. Mass Spectrum (EShym/e =
15 3692
Example 27: Preparation of 4-amino-6-(1-(6-flucro-4-(methyisulfonyl)-3-
phenyl(;uin01211—2-yl)ethylamino)npyrimidine-—S-carbonitrile

2.4-Dichioro-6-fluoro-3-phenylquinoline

F Et0,C._.Ph F HO,C._-Ph F
o — T — X
N O ﬁ o ﬁ
OH Cl
PR F PR F
— | — »
o N cl” N

20 A stirred solution of diethyl 2-phenylmalonate (31.9 g, 135 mmol) in pyridine
(14.56 mL, 180 mmol) was added 4-fluoroaniline (10.00 g, 90 mmol). The

H;



To a solution of 8-fluoro-3-(2-(methylsulfonyl)phenyOquinolin-2-amine (205 mg, 0.648 mmol) dissolved
in hydrochloric acid (2.00 mL, 65.8 mmol) at rt was added 5 dropwise by pipet a solution of sodium
nitrite (447%, 6.48 mmol) in water (2 mL) over a period of 2 min. Withig sgyesal hpds,a precipitate
developed. é“ﬁ?@éi‘ﬁf’tﬁte was collected by filtration, rinsed with water and dried under vacuum over
P205 to afford product as a colorless solid. Mass Spectrum (ESI) m/e =- 318.1 (M + 1).
102-Chloro-8-fluoro-3-(2-(methylsulfonyl)pheny )quinoline A mixture of
8-f|uoro-3-(2-(métH§1{7s$JW6(ﬁ§ffbeenyl)quinOlin-Z(IH)98ﬁc (200 mg, 0.630 mmol) in phosphorus
oxychloride (3 mL, 32.2 mmol) was heated to 120 C. After 24 h the reaction was coned under reduced
pressure and thesedistueiiGpastitioned:heodef C5SHacDOMegrfardstd aticissbitihiBicarbonate

solution. The orgaiygseparatianiAs slfisckeuerany diaus maaesiymiauifatendliered and the fiirate
coned under reduced pressure to afford product as a colorless solid. Mass Sc;l)(?ctrum (ES1) m/e =
‘lﬁﬁlﬁ% ijﬁ hv€ge reactlon

336.0 (M + 1). 8{Fhidee B 2mbiiAsafdi shehyHEIRA
2010/151740PCT1352040/030942/Ac14%8 WWO:-RQT: 9s Akmixtpiie DIR<i{H mansodate (256 mg,

0.786 mmol), 1,1-his (diphenyl- phosphipg)ferrocenc-palladium(iedichligride HEMcomplex (32.1 mg,
0.039 mmol%?, ot 8@8’%%@%5&%@%@%‘% Ay &h"?%%q%ﬁ?éﬁ%@@%z g, 0.393 mmol) and
potassium vinylteiflsgnabir ate {268mEher a8 v [ fTad R Y AR B AKEPRARF 8500 mL) was purged
with nitrogen theg, heated:ip AJTHCT OwaN G.akddl:th, s -Lfaitep witiniimg-b.GxbS-indicated only
desired product present. The reaction was partitioned fbg[a{%vvleje{14263 rr%lﬁjléégﬁ% 1%?1% 25 i water. The
organic layer waBhWASRERWRHDE thicHAHe HER Sitdd dver anhydrots nragnesium sulfate, filtered

and the filtrate congieuiepEaducddpressur o Hftrd1a=AInénse vFangs-Fediihiitthe product was
o s BRI RIS Ao o s
\S{E'?gtménMe 1 g(]:igifged {0 pH 2 vyit}z'cor-mduﬂzjl-aﬂg til(fl;pl?‘ét v\yag Léxt?gc}{c?d W%ﬂ)ﬁ%%%go{lﬂg -2-carbaldehyde
separated organic layer was dried over MgSOa, filtered and evaporated under
reduced pressure to give 3-(4-fluorophenylamino)-3-ox0-2-phenylpropanoic acid,
used as such for the next step. A mixture of 3-(4-fluorophenylamino)-3-oxo0-2-
15 phenylpropanoic acid in polyphosphoric acid (0.6M) was stirred at 130 °C for 2 h.
After this time the reaction was cooled to rt and treated with 2M ag. sodium
hydroxide until a precipitate formed. The precipitate was filtered and washed with
IM aq. sodium hydroxide and dried under vacuum to give 6-fluoro-3-phenyl-
quinoline-2,4-diol. A mixture of 6-fluoro-3-phenylguinoline-2,4-diof (1 eq) and
20  phosphorus oxychioride (10 eq) was heated at 100 °C for 2 h. After this time the
reaction was cooled to 1t and evaporated under reduced pressure. The resulting
brown residue was taken up in DCM and washed with water. The separated
organic layer was dried over MgSOy, filtered and evaporated under reduced
pressure. The product was then purified by column chromatography (using a 9:1
25 mixiure of hexanes and EtOAc as eluant) to give 2,4-dichloro-6-fluoro-3-
phenylquinoline. Mass Spectrum (EST) m/e = 292 (M + 1.
4-Chloro-2-ethyl-6-flusro-3-phenyiquinoline

Cl N




15A mixture of 8-fluoro-3-(2-(rnethylsulfonyl)pheny1)-2-vinylquinoline (88 mg, 0.269 mmol), sodium
periodatc (172 mg, 0.806 mmol) and osmium tetroxide (4.22 itL, 0.013 mmol) in THF (3 rriL) and water
(1 mL) was stirred at it for 2.5 h after which time a white precipitate had gdeyglepgaesIdag;precipitate
was remové‘ﬂ)ﬁylﬁ(ﬂ"éﬂ% and the filtrate partitioned between 25 mL ea EtOAc and water. The 20
organic layer was washed with 25 mL brine then stirred over anhydrous magnesium sulfate, filtered
and the filtrate coned under reduced pressure to afford a tan solid. The product was isolated as a
colorless solid b-aHimEsEkabhy on silica gel, elutihg with 5% EtOAc in DCM. Mass Spectrum (EST)
m/e = 330.1 (M .4_ 0. WO 2010/151740PCT/US2010/039942 -115{167§ %Q@%ﬁﬁ%%@m
(8-FIuoro-3-(2-(rﬁéfﬁﬂ%[ﬂl?fn%ﬁﬁﬁ@ﬂ%}ﬁ@iﬂ%ﬂ?ﬂé—"ﬁgﬁ’?&ﬂ ROIFS SUgpension of
8-fluoro-3-(2-(methylgufonybRheny Mheindline 2; caatdeyer MY 0 ErBinM6)in MeOH (4 L) at
it was added sodium 5borohydride (9.82 mg, 0.260 mmol). The reactjon Stirr, rt for 30 min,
after which time ¢p@Rie< (A0 Achbatd My, B @éﬁéﬂ%%@ﬂ%%gg %re%é\{)vrﬁ%\ﬁé%ﬁ%zé added to the

reaction and the MeOH wasremexed:undy refusad pressHEr.d harresitiee was-pastitianed between
EtOAc and water. The organic layer was stirred over anhydrous magnesium sulfate, filtered and the
filtrate coned iOunderm@AUcathpressutevto affofiddbyoionbssladinwhien a8 without further

purification. Mass Spec ‘ E%_I? (8% 332404M dhoro-2 -ethyi-6-fluoro-3-phenylquinoline.
(8-Fluoro-3-(Z-(r§%¥%f§H#§#yl% enyI)éSlllOZ-yl)meth I met}pmanesulfonate 00 So MeMe 15To a

solution of MsCI {8-5MRnis0@RA T RAOIP di8ddRded h HmlYedoléd¥y an ik Bith was added a

solution of (8-qu%yg-%ﬁrmﬁtﬂxtseﬁpm&phwy@r gHinelin=27glimetharohBamy, 101284 mmol) and
triethylamine (0.038 mL, 0.272 mmol

)in 2 mL DCM. ﬁ\g gég/]qji TLC and LC-MS indicated some
starting material ﬁ%ﬁ@é%hé’%%?@&?ﬁ%ﬁ%%%ﬁ %n S eaé}i of MsC1 and triethyl- 2 0 amine
were added cAfter. {1 IBihrnRaRtinr lasdigtadalititRD Ri D Cylerid denL water was added. The
organic layer was stirred over anhydrous magnesium sulfate, filtered and filtrate coned under
reduced pressurafo;Ed a colorless film. Thé prodtitt was used without fication. Mass

Spectrum (ESI) rrle Oé; F-4- 3w N NS F

Az
N
N

Br
A mixture of 4-chloro-2-cthyl-6-fluoro-3-phenylquinoline (1.0 g, 3.5 mmol) and

Na$SMe (0.491 g, 2.0 eq) in DMF (8 mL) was heated to 60 °C under N for 30

min. The reaction mixture was cooled to 1t and partitioned between ELO and

15  water. The organic layer was separated, washed with brine, dried and coned. The
residue was purified on combi-flash on silica gel ( EtOAc/hexane, 1/8) gave a
white solid as 2—@1hy1—6—ﬂuoro-4-(methylthi.0}~3-pheny1quinolinc. 2-Ethyl-6-
fluoro-4-(methylthio)-3-phenylquinoline (500 mg, 1.7 mmol) and 1,3-dibromo-
5.5-dimethyihydantoin (336.5 mg, 0.7 eq) were suspended in carbon tetrachloride

20 (20 mL). To the mixture was added benzoyl peroxide (41 mg, 0.1 eq) and the
mixture was heated at reflux for 3 h. After cooling to rt, to the mixture was added
satd aq. sodium bicarbonate soiution (15 mL). The layers were separated and the
aq. layer was extracted with CH,CH, (10 mL x 2). The combined organic layers
were washed with brine (30 mL), dried over NapSOa, filtered, and concd under

25 reduced pressure to give an orange syrup. This material was used as such without

further purification. Mass Spectrum (ESI) m/e = 376, 378 (M + 1)



WO 2010/151740PCT/US20101039942 A-1478 WO-PCT-99 -
2-(Aiidornethy0-8-fluor0-3-(2-(methylsuifOnyOphenyOquinoline A mixture of sodium azide (22.23 mg,
0.342 mmol) and 18-crown-6 (2.259 mg, 8.55 umol) in acetonitrile (2 nt ' far 20 min at 11
before (8-fltist3%Y K4 ethylsulfonyl)phenyl)quinolin-2-yl)methyl methgrégfs%glfzgﬁg‘%g?%mg, 0.171
mmol) in 1 mL acetonitrile was added. The reaction mixture was stirred overnight at rt. After 16h, TLC
and LC-MS indicated no starting material remained and desired product predominated. The mixture
was filtered andAhkHiftrate-E6red under reduced pn%’s@ure. The concentrate was partitioned between
1025 mL each DCM and water. The organic separation was stir etig/o er anc{ydro&l magnesium
sulfate, filtered dnd tfefirpatet bR ?‘I%Bgﬁﬁﬂ"‘ﬁ)%@ "é%’[%{)ﬁf P EHIGHRS: %I

orless film. The product
was used withoygigdether purification. Mass Spectrum (ESI) m/e = 357.1 (N4 1).

concentrate was partitiorrgd between 25 mL each Et20 and 1N ags loric acid solution. The ag.

acidic layer was made alkaline with sodium hydroxide and extractedith 2 x 25 mL DCM. The
combined organic layers were stirred over anhydrous magnesium , filtered and the filtrate coned

under reduced pressure to afford a colorless A-1478 WO-PCT- 100 - film. The product was used
without further purificedionoMagstSpectiuyh-(ESipm/é-tre8iihin-3-nfjenylquinoline (120

4-Amino-6-((8-fluormas2-(mathyIsfPRY RRRENKITHWORLR ¥ QmE i RpsasRMimIbee-5-earborthrile

mg, 1.5 eq) overnight. At this time 50% SM remianed. The reaction mixture was
heated to 60 °C for 2 h. when LCMS showed comptetion. The reaction was
repeated on a 500 mg scale. The two reaction mixtures were combined and
partitioned between Et;O and water. The organic layer was separated, washed

10  with brine, dried, concd and purified by combi-flash (EtOAc/hexane, 0/1 to 1/3)
to give a white solid as 2-(1-(6-fluoro-4-(methylthio)-3-phenylquinolin-2-yl)-
ethyl}isoindoline-1,3-dione. 'H-NMR (500 Hz, CDCI3) 8 8.18 (dd, J = 10, 5.0 Hz,
1H), 8.13 (dd, J = 10, 4.0 Hz, 1H), 7.70-7.74 (m, 4H), 7.50-7.53 (m, 2H), 7.33~
7.37 (m, 2H), 7.13-7.14 (m, 2H), 5.65 (g, J= 10 Hz, 1H), 2.09 (s, 3H), 1.81(d, J=

15 5.0 Hz, 3H). Mass Spectrum (ESI) m/e = 443 (M + 1).
1-(6~Flu0r9-4-(methylsulfonyﬁ)-«ﬁ%-phenquuinoiin-2~yl}ethanamine

=
= & E = S0.Me
She 30;Me

To solution of 2-( 1—(_6—ﬂuoro»~4—(meth.yithio)—?)—phenquuz’nolirz—2~yi)ethyl)iso-
indoline-1,3-dione (200 mg, 0.45 mmol) in THF (6 mL) and H,0 (2 mL) was

20  added oxone (556 mg, 0.90 mmol, 2.0 eq) at rt. The resulting suspension was
stirred at rt overnight. The reaction was incomplete. Oxone (556 mg, 2.0 cq) was
added and the reaction mixture was stirred at rt overnight again. LCMS showed

completion. The reaction mixture was partitioned between EtOAc and water. The



A mixture of (8-fluoro-3-(2-(methylsulfonyl)phenyl)quinolin-2-yOmethanaml1le (28 mg, 0.085
mmol), 4-amino-6-chloropyrimidine-5-carbonitrile (13.75 mg, 0.089 mmol) and diisopropylethylamine
(0.016 mL, 0.093 mmol) in butan-1-ol (2 mL) was heated in a 80 C oil bgtp+APiREIRIsaLe developed
within 60 mivP AH&Y 2% Lc-MS indicated no starting amine remained and the reaction mixture was
removed from the hot oil bath and equilibrated to rt for 90 min, after which time the precipitate was
collected by filtration, rinsing with 5 mL 1:1 Et20:EtQH at rt. The isolated solid was dried under vacuum.
IIINMR (400 MH&:W&Q&%@% ppm 8.42 (d,1=1.8'Hz, 1 H), 8.10 - 8.21 (m, 1 H), 7.91 (s, 1 H), 7.75

-7.89 (m, 3 15H), 7.55 -7.73 (m, 4 H), 7.30 (hr. s., 2 H), 4.48.-4.64 (m, 1 4.34 -4.48 (in, 1 11), 3.03
(s, 3 H). Mass S?féé’t’r*ﬁﬁ%(@@fﬁ‘ﬁﬁf‘é’afaﬁ%.ﬁ%%ﬁf‘ﬁ%&ﬁ%é@ﬁné Dondd Uik i

4-Amino-6-08-flypmLdsghysidin IROBTE) guinatid 2874 ymibthHai o Pyrittic i 605 €dionitrile WO
2010/151740PCT/US2010/039942 A-1478 WO-PCT:- 101 - gpy(idlQ-Z-é/&%w{]oli%%jy&methanamine
(38 mg, 0.150 miAeNnafder Mt N TR or WAL hehted To 115 Cfor 1 h, then cooled
back to it and filtgi@daldne selicrpradue)wasweshedwiteotd ®ith B@O/EOR: afebdridd under high

vacuum to afford 4-amina-64(8-fluoro-3-(pyridiny2 KHAuinolindlliBny1)-3-phenylquin-
methy|aminB)pyﬁ?ﬁ%!nﬁ[%-%Yé’é‘rBdoﬁﬁi?’r?%?ﬁn(‘%%/ed@loggmHz, D&I‘Lsﬁ%a-é“es) B B8 @ e e, H), 8.59 (s,

1H), 8.03 (td, 1= 1i6; 218 pbaming. Sbqmatery] Vomerd, abiaycl 88 Hanotiye a4, 2H), 7.51 (dd, 1=
6.9, 4.9 Hz, 1H)g&%&&9{@§5‘ﬁyér994@(ﬂ£A.Q.HZ, 1H). Mass Spectrum (ESI) m/e = 372.1(M + 1).

Specific Example of Method E. 1024(5-Fluoro-3-(2-(methylsulfonyloh H}Q)- QER ip-2-
)methyl)isoindolif‘i‘&‘f%Qd%ﬂé(ﬁs%'b%‘é)ﬁéamagy SRR RO AR IH AR
245-fluoro-3-(2-(seetiyjthie)plidmeEgeanblini2 #LOmethyDisoindoline- 1,3-dione (102 mg, 0.238 mmol)
was dissolved in 2.4 mL of DCM. To this NH,

CN
N/
N N™ "NH
-
L, — 90
® F |
F

SOMe X
SOQMG
10

A mixture of 1—(6»ﬂuor0—4-(m.ethylsu.ifonyi)-3—phenquuinolin~2~y§)ethanamme
(152 mg, 0.44 mmol), 4-amino-6-chloropyrimidine-5-carbonitrile (68.2 mg, 1.0
eq) and Hunig's base (0.094 mL, 1.2 eq) in n-BuOH (2 mL) was heated to 130 °C
overnight. The mixture was cooled to rt, coned, then dissolved in DMF (2 mL)

15 and purified by reverse HPLC. The fractions were combined, concd and filtered to
give a white crystal as 4-amino-6-( 1 -(6-fluoro-4-(methylsulfonyl)-3-phenyl-
quinolin~2-yl)ethylamino)pyﬂmi_dine-S—carbonitri]e. 'H-NMR (400 Hz, DMSO-
@) §8.61 (dd, 1=12.0, 4.0 Hz, 1H), 8.25 (dd, T = 8.0, 4.0 Hz, 1H), 7.87-7.92 (m,
2H), 7.37-7.50 (m, SH), 7.25 (s, br, 2H), 5.09-5.13 (m, 1), 3.22 (s, 3H), 1.29 (4,

20 J=8.0 Hz, 3H). Mass Spectrum (EST) m/e = 463 (M + 1).



15 solution was added 288 mg of wet montmorillonite clay (0.2 g water per | g clay, 1.2 g wet day per
mmole of substrate) and oxone (366 mg, 0.595 mmol, 2.5 eq). The reaction was stirred overnight,
filtered, and concd to afford 2-05-fluoro-3-(2- y .
(methylsuIf%%‘ﬁ@ﬁy@(ﬁuinolin-2-yOmethyDisoindoIine-1,3-dione. 1H Npl\(figtﬁg%}éﬂll\‘/]lﬁ)ziszMSO-d6)
38.43 (d"f= 0.73 Hz, 1H), 8.20 (dd,1=8.1, 1.5 Hz, IH), 207.89 (m, 5H), 7.81 (td, J= 7.6, 1.5 Hz, | H),
7.71 (m, 1H), 7.62 (m, 2H), 7.45 (ddd, J= 9.8, 7.8, 0.7 Hz, 1H). 4.75 (ABq JAB = 16.9 Hz, Av = 122
Hz), 3.03 (s, 3HP WS YPe%Eim (ESE m/e = 461.9{M + 1). The compounds below were made via the
same general methods described above: WO 2010/1 1%4 PCTQJT(SZ%O{SO 9942 A-1478 WO-PCT-
102 - Example Fixwmniaiz®;-Bresaaating-of phamirimkblit oo \arhet Iyﬂgnﬁn@. i

p§/ midine-5-earbonitrile
4-Amino-64(8-flymaraqhaoyinoinpd-2:bdmemptaniitioygidaridinéslearbo- Snitrile was synthesized

from 24(8-fluoro-3-phenylquinolin-2-yl)methypiso- indoline-1,3-dione by-Method D. 1H NMR (500 MHz,
DMSO-d6) 88.33 (d, .3= 1.5 Hz, 1H). 7.95 (s, 1 H), 7.86 (m, 1H), 7.7Q¢%§ﬁ4.6 Hz, 1 H), 7.62 (rn, 2H),
7.57-7.47 (series 0 SH). 731 (hrs, 2H), 475 (d,J=4.6Hz, 1 H), ss Spectrum (ESI) m/c =
371.0 (M + 1). 102-08" Fbrno-S-quoroquinoIin--ZmeethyDisoindoIine-‘\fL,B dier
243-Bromo-5-fluorogulinsli Omethyl)isoirido 11-dione_was..synt esized
2-amino-6-fluorobenzoig 8 ia Method Ay 34 NWMR{500 MHz, DMSQ 53¢ F1H), 7.99 (m,

2H), 7.94 (m, 2H @- hJ= g.3, 6.1 15H3 H),5¥'51 (d,18.6 Hz, 1H):ZA47 (eitid |=
111). 5.16 (s, 2H). Mass Spectrum (ESI) mie = 385.0,387.0 M+ 1). _
2-(1-(6-Fluoro-4-(methylthio)-3-pheny] quinolin-2-yDethytisoindoline-1,3-dione

5 (80 mg, 0.18 mmol) was dissolved in EtOH (2 mL) and treated with NHoNHo

10.0, 7.8, 0.7 Hz,

(0.2 mL) at 60 °C for 30 min. After cooling to rt, the reaction mixture was
partitioned between EtOAc and water. The organic layer was separated, washed
with water, brine, dried, and coned to give 2 pale yellow oil. The material was
used as such for the next step. A mixture of this material, 4-amino-6-chloropyr-
10 imidine-5-carbonitrife (28 mg, 1.0 eq) and Hunig's base (37.9 uL, 1.2 eq) in n-
BuOH (2 mL) was heated to 130 °C overnight. The mixture was cooled to 11,
coned, dissoived in DCM (2 mL) and purified by combi-flash (DCM/MeOH,
20/1) to give a pale yellow solid. 'H-NMR (400 Hz, DMSO0-d%) 8 8.06-8.12 {m,
2H), 7.86 (s, 1H), 7.72-7.75 (m, 1H), 7.34-7.47 (m, 5H), 7.22 (s, br, 2H), 5.14-
15 5.17 (m, 1H), 2.07 (5, 3H), 1.21 (d, I = 8.0 Hz, 3H). Mass Spectrum (ESH) m/e =
431 (M + 1)
Example 29: Preparation of 4-amino-6-{(8-fluoro-3-(2-(methylsulfonyl)-
pheny})quinolin—l-yl)methylamino}pyrimidine—S-carbonitrile

2-(2-(Methylsulfinyl)phenyDacetonitrile

20 Me Me
A mixture of oxone, monopersulfate compound (14.12 ml‘,q 253 mmol}, 2-(2-
(methylthio)phenyl)acetonitrile (1.65 g, 10.11 mmol} and 5g wet montmorillonite
clay (ca. 20% water by weight) in DCM (60 mL) was stirred vigorously at 1t for 4
h, after which time no starting material remained and predominantly sulfoxide

25 was detected by LC-MS. The reaction was filtered to remove solids, rinsed with



WO 2_010/151740PCT/U82010/039942 A-1478 WO-PCT- 103 - Example 32:
j—imllno-%4(((55-f]!|uoro-3-phenquuinoIin-2-yOmethyIamino)- pyrimidine-5-earbonitrile NH2 NH
-Amino-6-((5-fluoro-3-phenylquinolin-2-y1l)methylamino)pyrimidine-5- i SS i
( ylqL : Jirile ynthesized
from 24(3-6?&%‘-%1ﬁu6$0qU|noI|n-2-y1)methyfllsO- indoline-1,3-dione a%%%g%gfg‘ﬁ?gﬁz acid via
Methods C and D. 1HNIVIR (500 MHz, DMSO-d6) 68.25 (s, 1H), 7.94 (s, 1H), 7.86 (d, J= 8.6 Hz, 1H),
7.81 (td, J = 7.8, 6.1 Hz, 1H), 7.70 (t, J= 4.6 Hz, 1Hi) 7.57 (in, 4H), 7.49 (m, 2H), 7.31 (br s, 2H), 4.75
gdAl = 4.66Hz, I|H)1M§§§@>ﬁébTrum (ESI) m/e = 37 .50‘(M + 1). 10Example 33:
-Amino-6-05-fluoro-3-(3-fluorophenyflquinalin-2-yOmethyl- amin rimidine-5-carbonitrile NH2 N
. ; % 5 O & g 5 S I
NH 4-A_mmoﬁmmﬁw{ﬁm?éﬁﬂ%%ﬁfﬁg S N ARathy gﬁ%ﬁ%ﬁfﬁ?ﬂf |nSe05ﬁ-€c1:"arbonitrile was
nyrlltheSIZﬁd ff&%@&(&v@i@@é@-&iﬂﬁﬂtdqrmaq}m&ﬂeymeﬂdﬁ@ﬂ IpSigoinddifiex/3=didAe and
-fluorophenylboyoni ic{ via Methods C and D. 1H NMR (500 MHz, DMSO-d6
19.vig , ) 8 8.29 (s, 1H), 7.94
(s, 1H), 7.86 (d,?fi*é.?ﬁaﬁ%‘%, ), 7.81 (td, = 7.8, 6.1 Hz, 1H), 7.7Q (t, J = 4.6 Hz, 1H), 7.57( «d, 12 8.1,
6.1 Hz, 1H), 7.38-Fim@pR-Q A& dseifingd)phayy U8 BBt #IHPEESI) m/e =- 389.0 (M + 1). WO
2010/151740PCT/US2010/039942 A-1478 WO-PCT- 104 - F

E HoN
/,O -+ B e
$ OHC O

Me

A mixture of sodium ethoxide (6.87 mL, 18.41 mmol), 2-(2-(methylsulfinyl)-
phenyDacetonitrile (1.65 g, 9.21 mmol) and 2-amino-3-fluorobenzaldehyde (1.281
g, 9.21 mxmol) in EtOH (5 mL) was heated to 75 °C for 1 h then equilibrated to rt
and left to sit at rt overnight. The reaction was partitioned between 100 mL water
10 and 50 mL EtOAc and left to separate overnight. The organic layer was stirred
over anhydrous magnesium sulfate, filtered and the filtrate concd under reduced
pressure to afford dark yellow oil. The material was used without further
purification. Mass Spectrum (ESI) m/e=30L.1 (M~ 1).
§-Fluoro-3-(2-(methylsulfonyl)phenylquinolin-2-amine

15
A mixture of 8-ﬂuor0-3—(Zw(methy]_suiﬁnyi}phcﬁyl)quinoiin—2—aminc (226 g, 7.52
mmol), osmium tetroxide (0.118 mL, 0.376 mmol) and 4-methylmorpholine N-
oxide (0.881 g, 7.52 mmol) in THF (20 mL) and water (5.00 mL) was stirred
overnight at 1t, after which time LC-MS indicated no starting material remained.

50  The reaction was coned under reduced pressure and the concentrate partitioned
between DCM and 10% sodium thiosulfate aq. solution. The organic layer was
stirred over magnesium sulfate, filtered and the filtrate concd under reduced
pressure to afford a yellow solid. The crude product was used without further
purification. Mass Spectrum (ESI) m/e =317.0 (M +1).



Example 34: 4-Amino-64(3-(3,5-difluoropheny1)-5-fluoroquinolin-2-
yOmethylamino)pyrimidine-5-earbonitrile NH2 NV" NH
4-Amino-643-(3,5-difluorophenyl)-5-fluoroquinolin-2-yOmethylamino) pytjmid-.Sine:S:carbonitrile was
synthesizePAN Y85 48romo-5-fluoroquinolin-2-yo- methypisoindoline-lifg}cﬁjosr%ﬂgg%%j&
5-difluorophenylboronic acid via Methods C and D. 1FINMR (500 MHz, DMSO-d6) 5 8.32 (s, 1H). 7.94
(s, 1H), 7.87 (d, J= 8.6 Hz, 1H), 7.82 (td, J= 7.6, 5.9 Hz, 1H), 7.69 (t, J= 4.6 Hz, 1H), 7.50 (ad, J 9.0,
7.6 Hz, 1H), 7.40-149% WEHBEBf m, 5), 4.79 (d, J= 4% Hz, 1H). Mass 10Spectrum (EST) m/e = 407.0
(M + 1). Example 35: 4-4mino-6-05-fluoro-3-(2-(methylsulfon %%r%;nyOquinolin-Z-
31)methylaminofolHrigiAd S metbalfensiri Ry Lo Ry ¢
4-Amino-64(5-fluoro-3-(2-(methylsulfonyljphenyl)quinolin-2- ylymethylamigo)- 1
Spyrimidine-5-carbonitrile was-synthesized from 243-bromo-5-flt@rodﬂlino in-2-

thods C, E, D. 1H NMR
(500 MHz. DMSO-d6) 88.4 . ZIH), 8715 (dd, 1=8 2 W24, 7.91 (s, | H), 7.90-7.78
(series of m, 4H), 7.66 (t, J “1H), 7.61 (dd, - 7.6, 1.2 H¥ 7.50 (ddd,,1=9.8, 7.8, 1,2 Hz, |
H), 207.30 (s, 2H), 4.53 (ABX, J B%"E@NA Hz, JAX = 4.9 Hz, 1H), £32 (ABX, JAB = WO
2010/151740PCT/U S2010/03994YA-1478 WO-PCT- 105 - ©

To a solation of 8-fluoro-3-(2-(methylsulfonyDphenyl)quinolin-2-amine (205 mg,
0.648 mmol) dissolved in hydrochloric acid (2.00 mL., 65.8 mmol) at rt was added

*

5 dropwise by pipet a solution of sodium nitrite (447 mg, 6.48 mmol) in water (2
mL) over a period of 2 min. Within several hours a precipitate developed. The
precipitate was collected by filtration, rinsed with water and dried under vacuum

over PoOj5 to afford product as a colorless solid. Mass Spectrum (ESI) m/e =

8L M+ 1
10 2-Chloro-8-fluoroe-3-(2-(methylsulfonyl)phenyi)quinoline

A mixture of 8-fluoro-3-(2-(methylsulfonyiphenyl)quinolin-2(1H)-one (200 mg,
0.630 mmol) in phosphorus oxychloride (3 mlL., 32.2 mmol) was heated to 120 °C.
After 24 h the reaction was concd under reduced pressure and the residue

15  partitioned between 25 mL ea. DCM and satd aq. sodium bicarbonate solution,
The organic separation was stirred over anhydrous magnesium sulfate, filtered
and the filtrate coned under reduced pressure to afford product as a colorless solid.
Mass Spectrum (ESI) m/e = 336.0 (M + 1).
8-Fluoro-3-(2-(methylsulfonyl) pheny)-2-vinylquinoline

20



17.1 I_—|z, Jay; = 4,6 Hz, 1H), 3.03 (s, 3H) Mass Spectrum (EST) m/e = 449.0 (M 1) Example 36:
4-Amino-6-05-fluoro-3-(pyridin-2-yl)quin011n-2-yl)methyl- amino)pyrimidiae-5-earbonitrile NH2 N
NKNH 5 4-Ammo-64(5-f|uoro-3-(pyridin-2-yOqumohn-2-yOmethyIarnmo%}@g%“gﬁgjgggrbonitrile

_ he ( yBisoindotine-1,3-dione and
2-(tributylstannyl)pyridine via Methods B and D. 1H NMR (500 MHz. DMSO-d6) 88.76 (ddd, = 4.9, 1.7
0.7 Hz, 1H), 10 8.52 (d, J 0.7 Hz, 1H), 8.02 (td, J= 7.8, 1.7 Hz, 1H), 7.95 (s, 1H), 7.90-7.79 (series of
m, 4H), 7.50 (m/A2H74P®RCT = 5.1 Hz, 2H). Mas¥/Spectrum (EST) m/e = 372.1 (1?4 + 1). A-1478

carbonitrile WA HitH&¥ized from 243-bromo-5-fluoroquinolin-2- yOmet

WO-PCT- 106 - Example 37: 2-(J-bromoeth 1)-6-f|uoro-4-metﬁ10x3g?§;%2 nylqu
P

mixture of 4-chigkomxauna 6:HuBr6ahppFiAqaiRsHS 18 @BERS

mnOIlne OMe Br A
d NaOMe (125 mg, 500

mg 25% in McORhokphi@a)riRrdlettl da(mmlhWias distide @Mt ongdexNEZ for80 (s No product was

observed by LCMS.@il'%hé%rgegaﬁ%%g%@d&%qgg%\!&%@@'?q’t’g%’:%ﬁ(]%%n

detected by LCME" ion mixture was cone éo?ved in DM

2m

YRR Ae yigt of product was

and treated with 0.5

mL 25% NaOMeﬁnﬂVlé@]kﬂ@b@@S@rfbﬁs}ﬁtfiﬂﬁé@@WﬁW ghe FeREHBRMIXITE (Bd&lreutralized with
acid, dilutedwith, £1QA¢. 10yashad with wiaten Biineiadd-heetganicd ayendoredend then purified by

120 °C for 1 h, after which time L.C-MS indicated only desired product present.

The reaction was partitioned between 25 mL EtOAc and 25 mL water. The

organic layer was washed with 25 mL brine then stirred over anhydrous

magnesium sulfate, filtered and the filtrate concd under reduced pressure to afford

10 an intense orange-red film, The product was isolated as a colorless film by

chromatography on sitica gel eluting with 5% EtOAc in DCM. Mass Spectrum

(ESD) m/e = 328.1 (M + 1),

$-Fluore-3-(2-(methyisuifonylyphenylquinoline-2-carbalidehyde

15 A mixture of §-fluoro-3-(2-(methylsutfony!phenyl)-2-vinylquinoline (88 mg,

0.269 mmol), sodium periodate (172 mg, 0.806 mmol) and osoium tetroxide

20

(4.22 uL, 0.013 rameo!) in THF (3 mL) and water (1 mL) was stirred atrt for 2.5 h
after which time a white precipitate had developed. The precipitate was removed
by filtration and the filtrate partitioned between 25 mL ca EtOAc and water. The
organic layer was washed with 25 mL brine then stirred over aphydrous
magnesium sulfate, filtered and the filtrate coned under reduced pressure to afford
a tan solid. The product was isolated as a colorless solid by chromatography on
silica gel, eluting with 5% EtOAc in DCM. Mass Spectrum (ESHm/e =330.1 (M
+ 1)



combiflash on 80 g column (EtOAc/hexane, up to 20%) to give a white solid. Mass Spectrum (ESI) m/e
=282 (M 1). 2-Ethy1-6-fluoro-4-methoxy-3-phenylquinoline (284 mg, 1.0 mmol) and
1,3-dibromo-5,5-dimethylhydantoin (202 mg, 0.7 eq) were suspended irbeqyg%f&&r@gﬂoride (15 mL).
To the mixttiPe244158dded benzoyl peroxide (24.5 mg, 0.1 eq) and the mixture was heated at reflux
for 3 h. To the mixture was added satd aq. sodium bicarbonate solution (3 mL). The layers were
separated and the ag. layer was extracted with DCM (30 mL x 2). The combined organic layers were
washed with briael (30 WO)Péried over sodium suffdte; filtered, and coned under reduced pressure to
give an orange syrup. Mass 20Spectrum (ESI)= 360, 362 (M 1

*

. )
2-(1.-(6-Fluoro-t8ritthtng-Grmatdensmnyesadignicsiasiiined#idhe  wo 2010/151740PCTIU
S2010/039942 A-1478 WO-PCT- 107 - E5 eq) overnight. The reaction mixture was heated to 60 C for
2 h. LCMS showed completion,-Theneaction mixture was diluted.witiuwater (10 mL) and EtOAc (20
mL). The layers were separaf%d apd t . layer was extradt8d with = (10 mL x 2). The
combined organic layers weréwashed with water (10 5mL x-2fxbring(10AL), dried over sodium
sulfate, filtered, and coned lingder réduced pressure to give awbite g8lid. This material was purified by
combiflash (LtOAc/hexane, 1/4) togie a white solid. M.S. (ESI) mig©427 (M+1).
2-(1-(6-FIuoro-4-hydroxy-3-pheny|\§5uinoIin-2-yl)ethyDisoindoline-l,'faa?dione OM e 10To a solution of
2-(1-(6-fluoro-4-fydraxy3phesyiaainelins 22y ettyistingolsline ) guifiotec(3841y, 0.14 mmol) in DCM
(3 mL) was added BBrSr% ,0.7mlL,5e ? at v? [ ian _ owed to warm to rt
overnight. The rédeisss %PEFFEBW §%§?Pﬂ'dﬁe]%%)e% Zeiaénrii?)%rt:I\'/I (5 n)é%{%r\%@ﬁﬂcos satd solution (5
mL). The organibdayarivides(%adhed it wanst ) blihe ragterarrs saredat rt for 30 mim,

after which time the LC-MS indicated only the desired product was present.

Water was added to the reaction and the MeOH was removed under reduced
pressure. The residue was partitioned between EtOAc and water. The organic
fayer was stirred over anhydrous magnesium sulfate, filtered and the filtrate concd
10 under reduced pressure to afford a colorless solid which was used without further
purification. Mass Spectrum (ESIT) m/e = 332.0 (M + 1)
(8~F}u0r0—3-(2-(methyisulfonyl}phenyl)quinolin—z—yl)methyl

methanesulfonate

O
4
%o
Me

15 To a solution of MsCl (0.017 mL, 0.217 mmol) dissolved in DCM (3 mL) cooled

by an ice bath was added a sotution of (8-fluoro-3-(2-(methylsulfonyl)phenyl)-
quinolin-2-yhmethanol (60mg, 0.181 mmol) and triethylamine (0.038 mL, 0.272
mmol} in 2 mL DCM. After 20 min TLC and LC-MS indicated some starting
material remained and an additional 0.2 equivalents each of MsCl and triethyl-

00  amine were added. After 1 h the reaction was diluted with 20 mL DCM and 20
mL water was added. The organic layer was stirred over anhydrous magnesium
sulfate, filtered and the filtrate concd under reduced pressure (0 afford a colorless
film. The product was used without further purification. Mass Spectrum (ESI)
m/e=410.0 (M + 1).



15to give_ a white solid, which was used as such for the next step. Mass Spectrum (ESI) it* = 413 (M
1). 4-Amino-6-(1-(6-fluoro-4-methoxy-3-phenylquinolin-2-yDethylamino)- pyrimidine-5-carbonitrile NH2
NJ.CN | NH OMe OMeOMe
202-(1-(6-F\Yl%r"’(?-lﬁf’rﬁgﬁ?oxy-s-phenquuinolin-2-yflethypisoindoline-l,3-d‘fgr;féu(gf‘1)(l)ﬁfr%33?‘8.26 mmol) was
suspended in EtOH (2 mL) and treated with NH2NH2 (0.2 WO 2010/151740PCT/US2010/039942
A-1478 WO-PCT- 108 - mL) at 60 C for 30 mm. After cooling to it, the reaction mixture was partitioned
between Et0Ac (10478 MedPWater (5 mL) The orgaMic layer was washed with water, brine, dried and
coned to give a yellow foam, which was treated with 4- amino-6-ch|orpé) rimidine-5-carbonitrile (40 mg,

1.0 eq) and Hunly@ BdemahodoBsivere-3 QoymsHEEHRN D PRE I8 B ernight. The reaction

mixture was cooled to it and purified by reverse phase HLPC (MeCN/H20,A.0%-50% containing 0.1%
TFA) to give a white powder as '

1H), 8.00 (s, 1H), 7.84 (dd,*°
1H), 3.56 (s, 3H), 101.28 (d 0. OHZ% 15 (M -t I). - Chiral
compounds are purified using_isep @anol/hexane gradient, AQ galuskh. -The assignment of chirality is
based on the biochemical data. -Rgt&mers of amides are arbitrarily §§§1gned. Example 38:
(S)-4-amino-6-(1-(6-f|uoro-4-methox@y-3-phenquuinolin-2-34)- 15ethV|%mino)pyrinaidine-5-earbonitri|e
and (R)-4-amino6Bx{frfiudra@sdinm azide (22.23 mg, 0.342 mmol) and 18-crown-6 (2.259 mg,

8.55 pmol) in acetonitrile (2 mL) was stirred for 20 min at rt before (8-fluoro-3-

(m, 4H), 5.28-5.31 (m,

5 (2-(methylsulfonyl)phenyl)quinolin-2-yhmethyl methanesulfonate {(70mg, 0.171
mmol) in I ml. acetonitrile was added. The reaction mixture was stirred
overnight at it. After 16h, TLC and LC-MS mdicated no starting material
remained and desired product predominated. The mixture was filtered and the
filtrate concd under reduced pressure. The concentrate was partitioned between

10 25 mL each DOM and water. The organic separation was stirred over anhydrous
magnesium sulfate, filtered and the filtrate concd under reduced pressure to afford
a colorless film. The product was used without further purification. Mass
Spectrum (ESI) m/e = 357.1 (M + 1).
(S-Fluoro-3-(2—(methylsu]fonyl)pheny])quinolin—Z—y!)methanamine

15
A mixture of triphenyiphosphine (56.7 mg, 0.216 mmol) and 2-(azidomethyi)-8-

fluoro-3-(2-(methylsulfonyl)phenyl)quinoline (70 mg, 0.196 mmol) in THF (3
mL) was stirred at 1t overnight. After 22 b, LC-MS indicated no starting azide
remained and 200 uL water was added to the reaction. The reaction was stirred at
20t for 24 h then concd under reduced pressure. The concentrate was partitioned
between 25 mL each E,O and 1N aq. hydrochloric acid solution. The aq. acidic
layer was made alkaline with sodium hydroxide and extracted with 2 x 25 mL
DCM. The combined organic layers were stirred over anhydrous magnesium

sulfate, filtered and the filtrate concd under reduced pressure to afford a colorless



methoxy-3-phenylquinolin-2-yllethylamino)Pyrimidine-5-earbonitrile  Racemic
4-amino-6-(1-(6-fluoro-4-methoxy-3-phenylquino -2-ypethylamin0)- pyrimidine-5-carbonitrile (60 mg)
was purified by AD column (isopropanol- 2 0O/hexane, up to 15% containm?r%gzo/ %[}JH) First
fractions we&t® BH{BMEY and coned under reduced pressure and the resufted solid was washed with
water to give a white solid as (S)-4-amino-6-(1-(6-fluoro-4-methoxy-3-Phenylquinolin-2-
ypethylamino)pyrimidine-5-earbonitrile (stereo center was assigned based on biological activity
compared with earli&trcBipBlhds), 'H-NMR (400-H20 €DCI3) 2568.06 (dd, J = 8.0, 4.0 Hz, 1H), 8.03
(s, 1H), 7.65 (dd, J = 8.0, 4.0 Hz, 1H), 7.40- WO 2010/15,1740PCT/L)S§010/039?§4§éA-1478
WO-PCT- 109 - a7 fre prayluptsousuaed vvithon fegther sWEigationeMese PSSy, (328 (s, 3H), 1.21 (d,
J = 8.0 Hz, 311),Mass Specirum (ES1) m/e = 415 (M + 1).
(R)-4-Amino-6-(1-(6-fluorg-4-methoxy-3-phenylquinolin:2-34 W 03- pyLimidine-5-carbonitrile
(16.8 mg). 'H-Nﬁ@@%ﬁ%ﬁ%ﬁ%}géigé%%‘r’??ﬁ%%?lﬁ?gﬁ , 1H§%%?é¥g%®7.65 (dd, J = 8.0, 4.0
Hz, 114), 7.40-714@m0)-p)iidiGRer4ca(hnmdtlles 40-5.48 (m, 1H), 5.28 (s, 2H), 3.46 (s, 3H), 1.21 (d,
I= 8.0 Hz, 3H). Mass Spectrum (ESI) m/e = 415 (M + 1). Example 39: nH,
4-Amino-6-(1-(6-fluoro-4-hydroxy-3-Phenylquinolin-2-y1)- ethylamino)pyrinddine-5-earbonitrile
2-(1-(6-Fluoro-4-hydroxy-3-pherylquinolin-2xypethyl)isoindoline-1,3- Lon (crude, 60 mg, 0.145 mmol)
was suspended in,J,E2 O 2-Mhl yand treated jith hydrazine (0.2 nth) at®

r 30 min. After cool to rt,

the reaction mixture was partiiongd hetween EtOAc (10.rnl ) and water (5 m
15 washed with wé , driéd and co
(M + 1). This solid wag trggted with 4-amino-6-chIoropyrimidine-5-carb *2.51(Q, 1.0 eq) and
Hunig's base (0.031 mi..,;3,2 eq) in n-BuOH (1 mL) at 120C overnight. Thesregction mixture was

cooled to rt. and purified by reverse phase HLPC (MeCN/H20, 10%-50% conm:l;ﬂng 0.1%
5

give a white solid, Mass Spe tru

A mixture of (8-ﬂuor0-3—(2—(methyisulfonyl)phenyi)quinolina-yl)methanamiﬂe
(28 mg, 0.085 mmol), 4-amino-6-chloropyrimidine-3-carbonifrile (13.75 mg.
0.089 mmol) and diisopropylethylamine (0.016 mI., 0.093 mmol) in butan-1-of {2
ml.) was heated in a 80 °C oil bath. A precipitate developed within 60 min. After
10 2 hLC-MS indicated no starting amine remained and the reaction mixture was
removed from the hot oil bath and equilibrated to rt for 90 min, after which time
the precipitate was collected by filtration, rinsing with 5 mL 1:1 Et;O:EtOH at rt.
The isolated solid was dried under vacuum. 'H NMR (400 MHz, DMSO-ds) &
ppm 8.42 (d, /~1.6 Hz, 1 H),8.10-8.21 (m, | H), 791 (s, 1 H),7.75 - 7.89 (m, 3
15 H),7.55-7.73 (m, 4 H), 7.30 (br. 5., 2 H), 4.48 - 4.64 (m, 1 H), 4.34 - 4,48 (m, 1
H), 3.03 (s, 3 H). Mass Spectrum (ESI) m/e = 449.0 (M + 1}.
Example 36: 4-Amino-6-((8-flueroe-3-(pyridin-2-yDquinelin-2-yhmethyl-

amino)pyrimidine-5-carbonitrile

20  To a reaction vessel was added 4-amino-6-chloropyrimidine-5-carbonitrile (24.35

mg, 0.158 mmol), diisopropylethylamine (31.4 uL, 0.180 mmot}, (8-fluoro-3-



20 TEA) to give a white powder as TFA salt. 'H-NMR (400 Hz, CD30D) 5 ppm 1.54(3 H, d) 5.24(1 H,
q"/=7.17 Hz) 7.30(1 H, br. s.) 7.42(1 H, m) 7.50(2 H, t, ./=7.53 Hz) 7.56(2 H, ddd, J=9.19, 8.02, 2.93

Hz) 7.82(1%% 091:-:?7}(?’ 4.50 Hz) 7.89 (1 H, dd, J=9.19, 2.74 Hz) 8.09 gt 1k;<n1MassaSpectrum (ESI)
mie = 401 (M + f).‘ A-1478 WO-PCT- 110 - Example 40:

2-(1-Bromoethyl)-4-ehloro-6-11uoro-3-pthenylquinoline Cl To a solution of
4-chloro-2-ethy1-6-fluoro-3-phenylquinoline (7 g,_2}l .50 mmol) and
1,3-dibromo-5.5‘§d%§ﬁ§/]ﬁ?ﬁﬁp azolidine-24-dione (Ll.)sfo g, 17.15 rnmol) in 5 Ca) (200 mL) was added

benzoic peroxy%ggg{%&%@gﬁgogﬁaﬂg%% %&m%%%g%ﬁtM&}a%m% heatesto refluxed for 2

h. The reaction using L e reaction mixture was warmed to rt. To the mixture
was added sectiNai@ 03420 moh)wahekgbis WErk departtenrpipbank Ryerltas extracted with

DCM (3x) and the, combined organic lavers waswashaguitmbringd 8aod dredsaver sodium sulfate,

filtered and coned Under re uceg%ressure to afford 2-0 L o |
-bromoethyl)-4-ctm|@ﬁrbb&1ﬁlNé%“@’l6%éﬁyrﬁlﬂﬁ@ﬁ!ﬂ@:@-((8-ﬁu01‘0-3~(pyﬂdm--2~yf)qu111011ﬂ-2~y )

2-(1-(4-Chlayo-6{imQsas3nhnuidHinelincadortiny)ispindelined jHiona$iO-4s) 3 8.76
(d,J=4.2Hz, 1H),8.59 (s, 1H), 8.03 (td, /= 7.6, 1.5 Hz, 1H), 7.96 (m, 1H), 7.91
(m, 1F), 7.83 (m, 2H), 7.64 (m, 2H), 7.51 (dd, J=6.9,4.9 Hz, 1H), 7.27 (br s,
2H), 4.99 (d, J = 4.9 Hz, 1H). Mass Spectrum (EST) m/e = 372.1(M + 1).
Specific Example of Method E:
10 2-((S—Fluor0—3-(2‘(methylsulfonyl)phenyl)quinolin-—Z—yi)methyl)isoindoline~
1,3-dione

Substrate 2-((5-fluoro-3 —(2—(me‘;hy1thio)pheny}‘)quin_olin—2—yl)methyl)isoi.ndoiine~
1,3-dione {102 mg, 0.238 mmol) was dissolved in 2.4 ml of DCM. To this

15 solution was added 288 mg of wet montmorillonite clay (0.2 g water per 1 g clay,
1.2 g wet clay per mmole of substrate) and oxone (366 mg, 0.595 mmol, 2.5 eq).
The reaction was stirred overnight, filtered, and concd to afford 2-((5-fluoro-3-(2-
{methyISquonyI)phenyE)quinoliﬁ-Z—y1)metbyl)isoi11d.oiine-1 3-dione. 'H NMR
(500 MHz, DMSO-d6) § 8.43 (d, /= 0.73 Hz, 1), 8.20 (dd, J=8.1, 1.5 Hz, 1H),

20 7.89 (m, 5H), 7.81 (td, /= 7.6, 1.5 Hz, 1H), 7.71 (m, TH), 7.62 (m, 2H), 7.45
(ddd, J=9.8, 7.8, 0.7 Hz, 1H), 475 (ABqJap = 16.9 Hz, Av = 122 Hz), 3.03 (s,
3H). Mass Spectrum (EST) m/e = 461.0(M + 1},

The compounds below were made via the same general methods described above:



CICI A mixture of 2-0-bromoethyl)-4-chloro-6-fluoro-3-phenylquinoline (9.5 g, 26.1 15mmol) and
potassium 1,3-dioxoisoindolin-2-ide (7.24 g, 39.1 mmol) in DMF was heated to 60 C for 2 h. EtOAc
(200 mL) W%%%(gﬂﬁg Qéj washed with water (200 mL), brine gnd dried oygg@@g;mﬁglgfgte. Thg
solvent was removed under reduced pressure. The crude residue was subject to combiflash using
EtOAc/- hexane (0% to 20%, Rf= 0.4) to give 2-(1-(4-chloro-6-fluoro-3-phenylquinolin-2- 2
OypethyDisoindoline-1,3-dione as a yellowish solidl ,g\-1478 WO-PCT- 111 -
2-(1-0,3-DioxoiséiﬂégﬁrWégg)ﬁgfhyl)-G-ﬂuoro-3-phénquDinoline-4- carbonitrile Cl A mixture of
2-(1-(4-chloro-6-fluoro-3- g'e yl uinol'n%— ethypispindoline-1.5 dionc 0,116 mmol),
tributylstannanc@gﬂfﬂﬂlﬁﬁ Y ‘6‘*%‘#5‘3‘4)( B MMon? henyiulnonia 905 6o Wik}
dicyclohexyl(2",4iidioprdpgiiiphidryd -2-34)PhOsPhine (33.2 mg, 0.070 mmol) and palladium(ll)
trifluoroacetatc (11.57 mg, 0.035 mmol) in NMB,(2 mL) and Cy2NMe (0.66 mL) was purged with N2
and the resulting mixture was heated to 150 ¢k usittg a microwave for 2 h. The reaction only showed
starting materials. 10More Pd(TFA)2 (up M E ) and dicyclohexyl(2',4",6-triisopropylbipheny1-2-34)-
phosphine was added and heated to 150 CLRN maicrowave for 1 It At this time EtOAc was added.
The organic extract was washed with water and dried.o dium sulfate. The solution was filtered
and concd in vacua. The crude residue was purified flash using EtOAc/hexane (1:4) to obtain
2-(1-(1,3-dioxo- 1 5isoindolin-2-ypethyl)-6-flug snylgtiinoline-4-carbOnitrile as a light yellow- ish
solid. ON To a solution of 2-0 -(1,3-dioxoiso hdo n-2-yl)ethyl)-6-fluoro-3-phenylquinoline-

4~Amino-6-((8ufiuoro-3—phenyéq_uinolin-,’z-yljmethy]amim)pyrimidine-ﬁ—carbom
5 nitrile was synthesized from 2-((8-fiuoro-3-phenylquinolin-2-ylmethyl)iso-
indoline-1,3-dione by Method D. "H NMR (500 MHz, DMSO-d6) 6 8.33 (d,J =
1.5 Hz, 1H), 7.95 (s, 1 H), 7.86 {m, 1H), 7.70 (t, ] = 4.6 Hz, 1 H), 7.62 (m, 2H),
7.57-7.47 (series of m, 5 H), 7.31 (brs, 2 H), 4.75(d, J = 4.6 Hz, 1 H). Mass
Spectrum (EST) m/e = 371.0 (M + 1.
10 2—((3»Br0m0-5-ﬂu0roquinolin-z-yl)methyl)isoiadoline—1,3-dione

Br

2-{(3-Bromo-5-fluoroquinolin-2-ylymethyl)isoindoline-1,3-dione was
synthesized from 2-amino-6-fluorobenzoic acid via Method A. 'H NMR (500
MHz, DMSO-d6) & 8.81 (s, 1H), 7.99 (m, 2H), 7.94 (m, 2H), 7.69 (dt /= 8.3, 6.1

15  Hz, 1H), 7.51 (d,/=8.6 Hz, 1H), 7.47 (ddd J = 10.0, 7.8, 0.7 Hz, 1H), 5.16 (s,
2H). Mass Spectrum (ESI) m/e = 385.0, 387.0 (M + 1).



4-carbonitrile (73.9 mg, 0.175 mmol) in EtOH (2 mL) was added hydrazine 20(0.055 nil..., 1.754 mmol)
and the resulting mixture was heated to 60 C for A-1478 WO-PCT- 112 - 20 min. The reaction mixture
was allowed 5) n%ngtﬁﬂrt and solid was filtered. The filtrate was coned yrdepsadueespressure and
used crude'for the next step. To the crude 2-(1-aminoethyl)-6-fluoro-3-phenylquinollnc-4-Oarbonitrile
(51.1 5mg, 0.175 mmol) in BuOH (1 mL) was added DIEA (0.037 mL, 0.210 mmol) and the resulting
mixture was heated at 120 C overnight. The reacti% mixture was allowed to warm to rt and solid was
filtered and subrﬁl‘ﬂéangYQFﬁr%Tseparation. The fiTtrat3euwas subjected to HPLC purification.

2-(14(6-Amino-5-cyanq-4-pyrimidin 3 nlft?eth'gz- -llUoro-3- Igé_ )‘Ql?—l inalinecarbonitrile
1H-NMR (500 HZ* P85 épﬁﬂ‘ﬁ"ﬁl ?{% i)l .é’?‘?ﬂ’i‘ﬂ“&f‘ﬂi ei]? %%%Q%%k%ﬂﬁ m) 7.61 (4 H, m)
7.80 (I H, td, 1=§:@0niAdiAeiz)arI8@itriM, dd, 1=8.80, 2.69 Hz) 8.06 (1 H, s) 8.32 (1 H, dd, 1=9.17, 5.26
Hz). Mass Spectrum (ESI) m/e = 410 (M+ 1).n,

152-((1S)-1-46-Amino-5-cyano-4-Pyrimidinyl 2 ingjethyl)-6-fluoro-3-phenyl- 4-quinolinecarbonitrile
11-1-NMK (400 Hz, CD30D) 6 ppm 1.41 (3H, d) 5.59 (1 H, q,1=6.72 Hz) 7.53 (1 H, m) 7.61 (4 H, in)
7.80 (2H.m) 7.93 (1 H, s) 8.30 (1 H, dd,lzb\:‘m .98 Hz). Mass Spectrum (ES1) mie =410 (M + 1).

4-Amino-6-((5-fluoro-3 -phenquuinolin-Z—yi)mcthylamino)pyrimidine-5—carbo-
5 nitrile was synthesized from 2-((3-bromo-5-fluoroquinolin-2-yhmethyl}iso-
indoline-1,3-dione and phenylboronic acid via Methods C and D. 'H NMR (500
MHz, DMSO-d6) § 8.25 (s, 1H), 7.94 (s, 1H), 7.86 (d, .J= 8.6 Hz, 1H), 7.81 (td. J
- 78, 6.1Hz, 1H), 7.70 (t, J= 4.6 Hz, 1), 7.57 (m, 4H), 749 (m, 2H), 7.31 (br s,
2HD, 4.75 (d, J = 4.6 Hz, 1H). Mass Spectrum (EST) m/e = 371 O M+ 1)
16 Example 33: 4-Amino-6-((5-fluore-3-(3-flucrophenyhquinolin-2-ylymethyi-

amino)pyrimidine-S-carbonitrile

4- Amino-6-({5-fluoro-3-(3 ~fluorophenyl)quinotin-2-yDmethylamino)pyrimidine-
S-carbonitrile was synthesized from 2-( (3-bromo-3-fluoroquinolin-2-ylmethyl)-

15  isoindoline-1.3-dione and 3-fluorophenylboronic acid via Methods C and D. 'H
NMR (500 MHz, DMSO-d6) 8 8.29 (s, 1H), 7.94 (s, 1H), 7.86 (d, /= 8.3 Hz,
1H), 7.81 (td, /=78, 6.1 Hz, 1H), 7.70 (¢, /= 4.6 Hz, 1H), 7.57 (d, ] = 8.1,6.1
Hz, 1H), 7.31 (m, 3H), 4.76 (d, J = 4.9 Hz, 2H). Mass Spectrum (ESH m/e =
389.0 (M +1).



A solution of 2-0 -(4-chloro-6-fluoro-3-phenylquinolin-2-yhethyl)isoindolinc-1,3- dione (50 mg, 0.116
mmol), 2-methoxyethanamine (8.72 mg, 0.116 mmol), di-

5cyc|ohexy§}21 41/(%qlz:;gi'sopropylbiphcny1-2-yl)phOsphinc (11.06 mg, 0.Q23 xpakesadium
tert-butoxid ?ﬁlg mg, 0.348 minol) and Pcl)(dbal3 (10.63 mg, 0.012 mmol) in toluene (1 mL) was
stirred at 100C for 30 mm. The reaction mixture was allowed to warm to rt and partitioned between
EtOAc and water. The organic layer was washed W'Eglbrine and dried over sodium sulfate solvent was
removed 10undéytédt 9"6’1%£sure. The crude ré4| ue was purified via combiflash using

EtOAc/hexane (30%) to obtai 2-;1- 6-fluorg-4-(2-methox et]t?j_ aming)-3c .o 5
phenquuinolin-%ﬁ%?&éi# -félfg'éﬁé”é?g‘éoyfg %\%‘ ol .)g%m%gfmlm 2
4-Amino-6-0-(6-fliiasetidi@nineihpripeidiyk efirimd)eBiptieny 1-2-quinoliny 1)-
ethyl)amino)-5-pyrimidineearbonitrile  To a sglytion of
2-(1-(6-f|uoro-4-(2-methoxyethylamino)-3-pmolin-2-yl)- cthyl)isoindoline-1,3-dione (73.9 mg,
0.157 mmol) in EtOH (2 mL) was added hydrazifie (0.049 mL, 1.574 mmol) and the resulting mixture

was heated to 60C WO 2010/151740PCT/ 39942 A-1478 WO-PCT- 114 - for 20 min. The

2-(1-aminoethyl)-6-fluoro-N-(2-methoxyethyl
(2 mL) was 5added DIEA (0.033 rnL, 0.189 m and 4-amino-6-chloropyrimidine-5-carbo- nitrile
(24.33 mg, 0.157 mmol) and the resulting mixture was stirred at 110C overnight. The reaction mixture
was cooled to rt and purified via HPLC. F

Shrios e ege e o
ethyltamino)-5-pyrimidinecarbgnitrile ) ) m 1. Huf5524,H2) 3. .S
3.33 (2 H, m§ 3.4@“(?191?“%)“&-@6 LR e??ﬁg?i‘)ﬁf %%@bé%%boé %%’)‘Qf%% 3{_’H N Z)b8.03 (1H, s)8.08 (1
1-1, dd. 1=9.39, 489 HE)cBaaliflH,Sedipte10l 375 ifBwiaphenrissaisersit iy B oA = 458 (M + 1).

4-Amino-6-WIS)-1-(6-tlupro-44(2-met ATH emnfl-29 (g 7. =
5quinolinyl)ethyl)%nré?%)c'))- %ﬁ?{mﬁsdqpneé\ggr%y?rﬁﬁ?éa Wfﬁn ‘”(4%{ " @4 gt’)]sfé]%)g%?ééimjlao (d, 1=6.46
Hz, 3 H) 3.18 (s, 8¢H)3.16), 32X @n/ 2 H§ 3283 BT M. 63 ()55 H2atE e pAC )7 37 - 7.41 (m,
1 H) 7.43 - 7A7 (gg 17!;;)};24@%77%(1@52@5&&55m,75§14.09,(_&, ) 2.8 24 dHF 1086, 2.74 Hz, 1 H) 7.94

s,11-1)8.01 dd,J’:9.29,°5.5 ’Hz, 1H). ss Spectrum (ESI
( )8.01( Specirum BSSHz L Mass 5P (ESH)

Example 35: 4-Amino-6-((5-fluoro-3-(2-(methytsulfonylphenyquinolin-2-

ymethylamino)pyrimidine-3-carbonitrile

NH,
P O
N |

N NH

SO-Me

4-Amino-6-((5-fluoro-3-{2-(methylsulfonyl)phenyl)quinolin-2- yhmethytamino)-
15  pyrimidine-5-carbonitrile was synthesized from 2-((3 -bromo-3-fluoroquinoliin-2-

yhmethyl)isoindoline-1,3-dione and 2-(methytthio)phenylboronic acid via

Methods C, E, D, "H NMR (500 MHz, DMSO0-d6) 6 8.42 (d, /= 0.7 Hz, 1H),

8.15 (dd, J=18.1, 1.2 Hz, iH), 7.91 (s, 1H), 7.90-7.78 (serics of m, 4H), 7.66 (1, J

= 4.6 Hz, 1H), 7.61 (dd, J= 7.6, 1.2 Hz, 1H), 7.50 (ddd, /= 9.8, 7.8, 1.2 Hz, 1),
20 7.30 (s, 2H), 4.53 (ABX, Jap = 17.4 Hz, Jax = 4.9 Hz, 1H), 442 (ABX, Jap =



20mie = 458 (M [). 4-Amino-6-(01R)-1-(6-fluoro-44(2-methoxyethyl)amino)-3-pheny1-2-
quinolinypethyl)amino)-5-pyrimidinecarbonitrile 1H-NMR (400 Hz, CD30D) 8 ppm 1.30 (d,1=6.65 Hz, 3
H) 3.18 (s, 3 H%}S;@Q (% 1=1.56 Hz, 0 H) 3.21 (d, J=5 .28 Hz, 1 H) 3.29 3:3&;3: &0z 26 (q,./=6.52
Hz, 251 HW A (‘)m, 1H)7.43-7.47 (m,IH)7.48-7.54(m,2H)7.55-7.61(m,2H)7.91-7.99
(m, 1 H) 8.01 (dcl, 1=9.19, 5.67 Hz, 1 H). Mass Spectrum (ESI) m/e =458 (M + 1). WO
2010/151740PCT/US2010/039942 A-1478 WO-Pi : 115 - Example 42:
4-Amin0-64(1-(éﬂh%?r%-\xge(f-?%ethylsuIfonyl)ethy aslrhinO)-s-phenyI-Z-

quinolinyl)ethypamino)-5-pyrimidineearbanitrile Q. 0-*NH HN.Q - 150 ution of

2-(1-(4-ch|oro-6-WubF6Z315ﬁér%@?iﬁﬁaimg@g&%g&ﬂﬁ&%ﬁﬁ%ﬁ%%ﬁﬁ 300 r;%b%’ %6 mmol) in EtOH

(4 mL) was added hydrazine (0.219 mL, 6.96 rnmol) and the resulting mixture was heated to 60 C for

20 min. The rea}f&%@gﬁ&*&%%ﬁiﬂﬂ%’y&ﬂ-Iﬁ:&%@l{ﬁ?;&ﬁﬁﬂd-&*lﬁ;ﬁﬁl'tdmt@sjribli@éa@ﬂ he filtrate 1 0 was
uce

coned under re pressure and used crude for the next step. To a solution of
1-(4-chloro-6-flusrermprEhyidinacresbysiiiénamne in DCM (4.00 mL) was added
N-ethyl-N-isopropylpropan-2-amine (0.146 mi{9.836 mmol) followed by the addition of di-tert-butyl
dicarbonate (167 mg, 0.766 mmol) and ther\{ |ltifiy mixture was stirred at rt for 2 h. The crude

solution was washed with water, brine & |
N™ “NH
1 N\. =
Y
N F
5

4—Amino—6—((5—ﬂuoro—3—(pyridin—?_‘—yl)quin.olin—Z—yl)methyiamino)pyrimidine—S—
carbonitrile carbonitrile was synthesized from 2-((3-brome-3-fluoroquinolin-2-
ylmethyl)isoindoline-1,3-dione and 2-(tributylstannyljpyridine via Methods B
and D. "H NMR (500 MHz, DMSO0-d6) 8 8.76 (ddd, /= 4.9, 1.7, 0.7 Hz, 1H),

10 8.52(d,J=0.7Hz, 1H),802(d,J=78, 1.7 Hz, 1H), 795 (s, 1H), 7.90-7.79
(series of m, 4H), 7.50 (m, 2H), 4.97 (d,J = 5.1 Hz, 2H). Mass Spectrum (ESD)
m/e=372.1 (M + 1},



1 5 and dried over MgSO4 and solvent was removed under reduced pressure to obtain tert-butyl
1-(4-chloro-6-fluoro-3-phenylquinolin-2-ypethylcarbamate. A solution of tert-butyl
1-(4-chloro-6-fluoro-3-phenylquinolin-2-yl)ethylcarbamate (50 mg, 0.125p@tbs 101039942
2-(methylsﬁYf8ﬁ%ﬂé{?gr)%%mine (15.36 mg, 0.125 mmol), / 1
dicyclohexyl(21,61-dimethoxybipheny1-2-yDphosphine (10.24 mg, 0.025 mmol), pd2(dba)3 20(11.42
mg, 0.012 mmol) and sodium 2-methylpropan-2-olate (17.98 mg, 0.187 WO
2010/151740PCHUS8019:85do42 A-1478 Wo-Pgﬁ[‘% 116 - mmol) in toluene (I mL) was heated to 110

C overnight. The solvent was removed ugggr :giduceq(%e sure _ng lxjrf.ﬁuei o Iiﬁecornbiflash using
Et0Ac/hexane (EX3mmiafd: G bdremer ey e Bl T od finrs, -(%-fr%fet ylsulfony1)-
ethylarnino)-3-phenylquinolin-2-371)ethylcarbamate (18 mg, 0.037 my? Wa@W%added HO.(01inL, O
400 mmol) and tffe rgsulfihg re was stiat FY¥5r 1 h. The reastignwassmenitored by LCMS.
The solvent wasteniovethanthu ¢ = Rrextste

2-(1-aminoethyl)-6:flugto-N (methylsulfonyB gnylquinolin-4-gminé in BuOH (1 mL) was
added Nethyl-N-isopropﬁbropan-z-amine (0.019 ml,’'0.111 mmol) and 4-&#nino-6-chloro- 1
Opyrimidine-5-cakbohitrite (64881, D- Gl el A ey e meRe OMURE vias ABSIA to 110 C for 3

h. The SOéV‘(?gt(é"%ﬁiﬁQQﬁﬁM(@g %%@qxh@%%iﬁglg@gﬁﬁh@qeo;i, 01.13eq)h n Me()ZH (5 mL) was
4-Amino-6-(0-(6-fluoro-44(2-(methylsulfOnyl)et 1n0)-3-phelyl-2- :

quinoliny1)ethy OfiRtbyL 5L BYRTRmEEAPBHIAIS &%ﬁgﬁé’éj ez,%]BsBB%/lé PR 1.53 (3 H, d, 1=7.04
Hz) 2.91 (3 H, S)r&ad6bBnlibthte $)43 U2 ko, 70 €. O7e(dight M)rEcBB(0w | dbpIedndoys525 Hz) 7.63 (2 H,

7.81 (2 H, ddd,1=9.29, 7.63,2. WA NCNT RN N 8HQ 4L Ho Uk 2=9.39, 4.89 H
0l B SR bt e o1

4-Amino-6-0(1S-geufiliseatauratufidtrsttonyo s dnait) 2 55h
20quinolinyflethyRamipe)-: Py iticinacaraonitile AhiuiiRA(400 kizd CDAODYBIPHINAGS (d, 3 H) 2.92
(s, 3H) 3.28 -3.32 (m, 2 H) 3.44 - 3.55 (m, 2 H) 5.00 (a, J=7.04 Hz : J=4.50, 2.25 Hz, 1
H) 7.62 - 750 (M8 15y 783 Yl g%?égfi&‘z’_éﬁf%@}% @?ﬁ“ﬁﬁé.%(@%ﬂi%‘?qﬁfae Hz, 1 H) 8.04 (s, 1
H) 8.11 (dd, J=9 39nHiBBIHz) G0)c8laM(dBIP2Th e 51 1727980 VRSSO um (EST) m/e =
506 (M1). A-1478WQ-RCT 5] difs1EXRMPIIARE + 1). 2-Ethyl-6-fluoro-4-methoxy-3-phenyl-
4-Amino-6-01-(6-fqOrq-4-§é2-hydrO>§/et%é?P]2mmOé—(&Ehen%/-IgZS- dimethylhydantoin (202 m

quinolinyDethy DAMGRE (i fifidihd aPbIn AR G- -dimetiy iy dan &

0.7 eq) were suspended in carbon tetrachloride (15 mL.}. To the mixture was

15 added benzoyl peroxide (24.5 mg, 0.1 eq) and the mixture was heated at reflux for
3 h. To the mixture was added satd aq. sodium bicarbonate solution (3 mL). The
layers were separated and the aq. layer was extracted with DCM (30 mL x 2).
The combined organic layers were washed with brine (30 mL), dried over sodium
sulfate, filtered, and concd under reduced pressure to give an orange syrup. Mass

20  Spectrum (ESEH m/e = 360, 362 (M + 1)
2-(1-(6-F}uoro-4—methoxy»?y-phenquuinolin—z-yl)ethy])isoindoline-i,3-di0ne

O OMe
~

A mixture of 2-(1-bromoethyl)-6-fiuoro-4-methoxy-3-phenylquinoline (360 mg,
1.0 mmol) in DMF (5 mL) was treated with phthalimide potassium salt (278 mg,



A solution of tert-butyl I-(4-chloro-6-fluoro-3-phenylquinolin-2-ypethylcarbam- 5ate (100 mg, 0.249
mmol), 2-aminoethanol (15.24 mg, 0.249 mmol), dicyclo-
hexyl(2',6'-dimeth%ylb%heny1-2-yOphosphine (20.48 mg, 0.050 mmol),sediwinio/ez0042
2-methylpr3¥)%f?1(2 -olate (36.0 mg, 0.374 mmol) and pd2(dba)3 (22.84 mg, 0.025 mmol) in toluene (2
mL) was heated to 110 C for 1 h. The solvent was removed under reduced pressure. EtOAc was
added and washed with water, brine and 10 dried oxer sodium sulfate and the solvent was removed
under reduced p‘?‘els%ﬁéy%})&grude residue was buriﬁéd using EtOAdhexane (1:1). To the crude
residue of tert-butyl 1-(6-fluoro-4-(2-hydroxyethylamino)-3- lguinglinys2-yReifylcarbamate (17 mg,
0.040 mmol) Waé'éa@e@-ﬁ@?]fb.f‘ R nﬁﬁ%uor \gﬁﬁ'%aege rggglﬁt@nug]r%%ﬁé&was stirred at rt for 1 h.
The reaction washtvonitareg IoyonCMS rek GiPhensohves v wakiveahaxidrae (K@ 'chade for the next step.
To the crude solufign g68-(7(1-Aeingelhuly:6-yaracd-aenxlaquiaglinvdsaminojeifanOl in BuOH (1
nth) was added N-ethyl-N-isopro yépropan-z-amine (0.021 mL, 012&”&%‘?& ar,\ggler 10
4-amino-6-chlor&iyArmidhels e Ath SRR L AIGHOABHIMGIT 27d he resulting (Hixture was heated
to 110 C fors3 h.gfihe sqlyant wasemavetandsadipurifietdaitombifiadicosiAgE@AC/hexane (1:1)
with satd ammonig. 4-Amino-6-(0-(6-fluoro-4-((2-h ; iN0):3:ARenNWrdsaukoliny1)-
ethyDamino)-5-6§%i f iHéeé‘g%%{n"i ile fi"f’ﬁlﬁﬁxﬁ%g 4%%‘%@%%%@} 959 )Béfnm%?slss H, d, J=6.65 Hz) 3.08
(2 H, in) 3.49 (2 Hh IL8x48:. 2/ 45128 2atutpsdid e SIER PAT A2A(HR) 7.53(5 H, m) 7.88 25(1
H, dd, J=10.76, %-—Ef‘-id-@lZcf-%@-ﬁlﬂildfﬂiﬁ@ﬂ:ﬁén?lqdﬁ?dﬁﬁﬁ-@l)ﬁtﬁﬂﬁkn)nMﬂh&-?‘»;ﬁe(ttoum (ESI) m/e =
444 (M + 1). WO 2010/151740PCT/US2010/039942 A-1478 WO-PCT- 118 -
4-Amino-6-(0-(44(2-(dimethylamin@y&thyDamino)-6-fluoro-3-p

quinolinyl)ethypamino)-5-p HRg: firile This synthesi
N |

fescribed above. NH2

10 To a solution of 2—(1-(6-ﬂu0r0-4—hydroxy—3~pheny1qu'mo1in—2—y1)ethy£)isoindol—
ine-1,3-dione (58 mg, 0.14 mmol) in DCM (3 mL) was added BBry (1M, 0.7 mL,
5 eq) at 0 °C. The reaction mixture was allowed to warm to rt overnight. The

reaction mixture was partitioned between DCM (5 mL) and NaHCO4 satd

sotution (5 mL). The organic layer was washed with water, brine, dried and concd
15 o give a white solid, which was used as such for the next step. Mass Spectrum

(ESD) m/e =413 (M + 1),

4-Amino—6-(l—(G-ﬁuoro—di—methny-?s-—pheuyiquinoiin—Z-yl)ethy!amino}-

pyrimidine-5-carbonitrile

NH
WH
O N (@] 2 ' l{\N NH
N . 7 | . N
l x . |
Seie S
OMe
(L T

20 2-(1 —(6—Fiu0ro—4—methoxy—B—phen.yiquinoEin«2—y1)ethyl)isoindoline- 1,3-dione (110
mg, 0.26 mmol) was suspended in EtOH (2 mL) and treated with NHoNH» (0.2



-N-r-'1?1H HN,"1 N.N) 5 IH-NMR (400 Hz, CD30D) 8 ppm 5.24 (3 H. d) 6.02 (6 El, s) 6.27 (2 H, m)
7.01 (2 H, td, J=6.46, 1.17 Hz) 9.20(1 H, q, 1=6.52 Hz) 11.35(1 H, m) 11.46 (5 H, 11.78(1 H, dd,
J=10.76, 2.54 Hz}%l 11.88(1 H, s) 11.94(1 H, dd"I=9.29, 5.58 Hz). Mass Spg¢lidmmadddn/e = 471 (M t
1). 10Exar‘r¥b%2ﬁ‘ d NEH‘E(G-FIuoro-4-(methylsuIfonyl)-3-ithenquuinolin-2-yDethyI)- 9H-purin-6-amine,
(5)-N-(1,-(6-11uoro-4-(methylsulfony1)-3-phenylquin011n-2- ypethyl)-9H-purin-6-amine,
(R)-N-(1-(6-fluoro-4-(methylsulfony1)-3-phenylquinolin-2-yOethyl)-9H-purin-6-amine 15A mixture of
1-(6-fluoro-4-(mAHYIBUNEAYSB-phenylquinolin-Z-3"Pethanamine (90 mg, 0.26 mmol), 6-chloropurine
(40.4 mg, 1.0 eq) and Hunig's base (55 WL, 1.2 eq) in n-BuOH (2 mL) was heated to 130 C overnight.
The mixture wa@éddfetf d-rtoand fB%fﬁé%%ffé\?@r?e%ﬁ%s@fM{ N %-%O% containing
0.1% TFA) to giverasshite(ponderals) iidveatr 6 MICL-[loxgraniglgyer was washed with
O(methylsulfonyl)-3-phenylquinlin:2.yBethyl)- okl pin-Branined L4 MWBi#0e A0
2010/151740PC 8%%8?8’/6@5@3%‘?&5%1“}58 O-PCT- 119 - Hy, CD3O%H8817J%((9(%8JO: 8.0, 4.0 Hz,
1H), 8.23 (dd, J 2neno-Gd PrepyHidine: Tsathgnigisd4s mehO £ a3 S P28 880 Hz, 1h),
7.42-7.52 (g, 5H1 5:46 Lirlid Bt HL GsmBi) 1249 (chwdimigHd. Aie 3}riMassSpeewram (ES1) m/e =
463 (M 1). 5N-(1-(6-fluoro-4-(methy! 'prr_l 1)-3-phe nalin2: Y&tk purin-6- amine was
purified by chiraFef’Ef"ggfm i%?%é% offhexa %?SS%M{]?)# g%é%%gctions were combined and
coned under redyged. pressuse 1@ give avehiteisalisbasier as TFA salt. 'H-NMR (500 Hz,
(S)-N-(1-(6-fluoro-4-(methylsulfony1)-3-phenylquinolin-2-yDethyl)-9H-purin6:-ami mg, stereo
center was assig?%é@a%éé on (bfévfbdi"c'“aﬁl)oa%t%/ﬂﬁoﬁ%a?e@%%%gaﬁe@%gmgyﬁ(%ﬁ 1H-NMR (400
Hz, CD30D) 88.73,(de) 3758084 @nHzTiny, 4.2 (dak, JE)8 V2% D H A 149), 8,34 (s 31h1), 8.08-8.14 (m,

1H), 7.73 (id, J =-8,0,4,0 H LA2-7.52.(m A6, (m.1H 1{s,3H), 1.49 (d, J = 8.0 Hz,
3H). Mass Spec L%Br%(ﬁféﬁ ﬁ/gﬁééé)(%giﬁgﬁ%@é%ﬁl3%0-4-' b éﬂl %
(methylsulfonyft-3Ghtiehytouinotids 209 ath§ey SRDEURTPORAMMYESTADR MEEG0" S 994 ¥D30D) 88.73
(dd, J=8.0,4.0 H%e%ﬁgﬁqg%mh&a@@s Qi@ T )i8chdriscal )ia8.08-8.14 (m, 1H), 7.73 (td. J =
8.0, 4.0 Hz, 1H), 7.42-7.52 (m, 5H), 5.46 (m, 1H), 3.11 (s, 3H), 1.49 (d, 3 = 8.0 Hz, 3H). Mass
Spectrum (ESI) migtamgggol amides are arbitrarily 4ssigned.

Exampie 38: (S)—4~amin0—6-(1-(6-ﬁu0r9-4-methoxy~3~pheny'}quino}innz-yl)—

15  ethylamino)pyrimidine-S-carbonitrile and (R)-4-amino-6-(1-(6-finoro-4-

methoxy~3-phenquuinolin~2-yl)ethyiamino}pyrimidine~5-carb0nitrile

NH2 NHZ NHQ
WA CN NP CN J__oN
N Ny v
\ \N NH RN
~ N
ol

NH

l
N~ NH
N e Y
"1 )
= £ = F
O OMe OMe O

Racemic 4-amino-6-(1 w(6—ﬂuoro~4mmethoxy—3_phenyiquinoiin-}yl)ethylaméno)—
pyrimidine-5-carbonitrile (60 mg) was purified by AD column (isopropanol-

20 /hexane, up to 15% containing 0.1% Et,NH). First fractions were combined and
concd under reduced pressure and the resulted solid was washed with water to
give a white solid as (S)~4~amin0~6—(i-—(6-ﬂ.u0ro-4-methoxy~3-phenquuinolin—2~
yl)ethytamino)pyrimidine-3-carbonitrile (sterco center was assigned based on
biological activity compared with earlier compounds), "H-NMR (400 Hz, CDCls)

25 §8.06(dd, J=8.0,4.0 Hz, 1H), 8.03 (s, 1H), 7.65 (dd, J = 8.0, 4.0 Hz, 1H), 7.40-



(M + 1). Example 45: 202,4-Dichloro-5-fluoro-3-phenylquinOline  NH2 HO2C CO2H A mixture of
3-fluoroaniline (3.33 g, 30 mmol) and 2-phenylmalonic acid (7.89 g, 1.46 eq) was treated with POCI3
with caution. The resulted suspension was heated to 95 C and stirred ovgrpighthgfase increasing the
temperaturg’%th%l(??gfor 1 h. After cooling to rt, the reaction mixture was poured into ice and stirred
for 10 min, The mixture was extracted with EtOAc (100 rnL x2), washed, dried, coned and purified by
combiflash(DCM/hexane, 0/1 to 2/3) to give 1st component undesired region-isomer as a yellow solid
and 2nd fraction’g WHicHI8reSifluoro- WO 20107154 740PCT/US2010/039942 A-1478 WO-PCT- 120 -

3-phenylquinoline as a white solid. TH-NMR ( D ) 6.2.92 (d, J,= 8.0 Hz, 1H), 7.71-7.76 (m,
1H), 7.51-7.57 (e 3 #827P87 (‘}H,(ﬁﬂ’}yﬂm TR TR AR A 5300
N-(1-(5-Fluoro-4t(methylstdfony )3 Bephsy Spsnolin- EGNethy - 9H pidin-6- amine

(o Fluoro-4 (meliviskiiivi-Srhbemdaunaiiieiielhanatuneiias: yaiestiag rom

2,4-dichloro-5-fluoro 3-6%eny quinoline accordinq o the procedure for 1- B
(6-fluoro-4-(metipylsolidingL)Subhaityiedu § foagh-ZAERHAPL Hh & A& Gr2cdee. T =
(5-fluoro-4-(methyisylippy D BrpReAVIUING N3 yREtharaTUNE B 01MY, 104877 .47 (m, 4H),
7.30-7.40 (m, 2H), 5.40-5.48 (m, 1H), 5.28 (s, 2H), 3.46 (s, 3H), 1.21 (d, I = 8.0
Hz, 3H). Mass Spectrum (EST) m/e = 415 (M + 1).
Example 39: 4—Amin0-6-(1~{6-ﬂu0r0—4~hydr0xy-3~phenquuino]in-Z—yl)—

ethylamino)pyrimidine-5-carbonitrile

10

2-(1-(6-Fluoro-4-hydroxy-3 -phenylquinolin-2-yhethyl)isoindoline-1,3-dione
(crude, 60 mg, 0.145 mmol) was suspended in EtOH (2 mL) and treated with

hydrazine (0.2 mL) at 60 °C for 30 min. After cool to 1, the reaction mixture was

partitioned between EtOAc (10 mL) and water (5 mL). The organic layer was
15 washed with water, brine, dried and concd to give a white solid, Mass Spectrum
(ESI) m/e = 283 (M + 1). This solid was treated with 4-amino-6-chloro-
pyrimidine-5-carbonitrile (22.5 mg, 1.0 ¢q) and Hunig's base (0.031 ml, 1.2 eq)
in n-BuOH (1 mL) at 120 °C overnight. The reaction mixture was cooled to rt.
and purified by reverse phase HLPC (MeCN/HpO, 10%-50% containing 0.1%

20  TFA) to give a white powder as TFA salt. 'H-NMR {400 Hz, CD:OD) § ppm
1.54 (3H, d)5.24 (1 H, q, /=7.17 Hz) 7.30 (1 H, br. s.) 7.42 (1 H, m) 750 (2H, t,
J=7.53 Hz) 7.56 (2 H, ddd, J=9.19, 8.02, 2.93 Hz) 7.82 (1 H, dd, /=9.19, 4.50 Hz)
7.89 (1 H, dd, ./=9.19, 2.74 Hz) 8.09 (1 H, s). Mass Spectrum (EST) m/c = 401 (M
+1).



10mmol), 6-chloropurine (27 mg, 1.0 eq) and Hunig's base (55 tiL, 1.2 eq) in n- BuOH (2 mL) was
heated to 130C overnight. The mixture was cooled to rt, coned, dissolved in DCM (2 mL) and purified
by comblflash %IZO)CM/MeOH 20/1) to give a pale yellow solid. "H-NMR (400{z,§:P3Q6), 8 8.40-8.45
(m, 2H), 8.1t YHz, 1H), 7.85-7.95 (m, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.42-7.55 (m, 155H),
5.75-85 (m, 1H), 3.32 (s, 3H), 1.50 (d, J = 8.0 Hz, 3H). Mass Spectrum (ESI) ink = 463 (M + 1).
Example 46:

(S)-4-Mnino-6-(A (8IS A thethylsulfony1)-3- PHégquumolln 2-yOethylamino)pyrimidine-5-carbonitr

ile WO 2010/151740PCT/US2010/039942 A- 1%178 W‘??g}:> é%ed\Aergilxt e Of
i b mg g B'mmol)

1-(5-fluoro-4-(mErTEIr Ay B- S SHamAastinBnt- s min

4-amino-6-chloropyrimidine-5-carbonitrile (31.4 mg, 1.0 eq) and Hukig's base (42.6 ill, 1.2 eq) in
n-BuOH (2 mL) was heated to 130 C overnight. The mixture was N Hltered and washed with
cold EtOH to 5give a white sq fid &S m|no-6:(1_(5_ﬂuo§Q,4 (met

guinolin-2-yBethylaminejpyritric

(isopropanol/hexane, A
give a white solid as (S)~Z am|n06 0
-(5-fluoro-4-(methylsuiariyi »B4ptieoydelafiné20etiainppynietieiié-21 2958 & Bhitrile (stereo
center was assigngd Rasehan ilagieal sty oamparaduii eadier aompaufsind 1-1 NMR (400
Hz, DMSO0-d6) 5 7.92-8.03 (m, 2H), 7.40-7.60 (m, 5H), 7.20-7. gr? 15EIA 40(§m 1H), 3.29 (s,
3H), 1.24 (d5J =G0 BA03R)) Masddebherzniq R 2?8‘3%\/? B B Ii“e"ﬁ?"

152-(1-(6- FIuororge@shydf@xygmhwswﬁlhyﬂt):&@k@mdmﬁnnﬁmz%@mmommmhn@leg-dione

using LCMS. The reaction mixture was warmed to rt. To the mixture was added

sat'd NaHCO4 (200 mL). The layers were separated and the aq. layer was

extracted with DCM (3x) and the combined organic layers was washed with brine
10 and dried over sodium sulfate, filtered and concd under reduced pressure to afford

2-(1-bromoethy!)-4-chloro-6-fluoro-3 -phenylquinoline.

2-(1-(4—(3hloro-ﬁ-ﬂu0m-3-pheny]quinolin~2-yl)ethyl)isoindeline—l,?;ndione

/N /N
N E . S X l =
O Cl O Ci
A mixture of 2-(1-bromoethyl)-4-chloro-6-fluoro-3-phenylquinoline (9.5 ¢, 26.1
15  mmol) and potassium 1,3-dioxoisoindolin-2-ide (7.24 g, 39.1 mmol) in DMF was
heated to 60 °C for 2 h. EtOAc (200 mL) was added and washed with water (200
mL), brine and dried over sodium sulfate. The solvent was removed under
reduced pressure. The crude residue was subject to combiflash using EtOAc/-
hexane (0% to 20%, Rf= 0.4) to give 2-(1-(4-chloro-6-fluoro-3-phenylquinolin-2-
20 yhethyDisoindoline-1,3-dione as a yellowish solid.



HO"- A mixture of 4-chloro-2-ethy1-6-fluoro-3-Phenylquinoline (400 mg, 1.4 mmol), Hunig's base (293
4,1.2 eq) and HSCH2CH20H (108 kL. 1.1 eq) in DMF (4 20 mL) was heated to 65 C under N2 for 2 h.
LCMS showed no foijuation of product. The reaction mixture was then hge&ggsgal%%g%pvemight.
LCMS WO B 7bPCT/U52010/039942 A-1478 WO-PCT- 122 - showed 60% product and 40%
starting material. To the reaction mixture was added 50 1.1L thiol and heated to 100 C. The reaction
mixture was diluted with water (10 mL) and EtOAc (20 mL). The layers were separated and the aq.
layer was extracted®(HAVEXFAD (10 mL x 2). The ¢ Mbined organic layers were 5washed with water
(10 mL x 2), brine (10 mL), dried over sodium sulfate, filtered, and cope unger reduced pressure. The
residue was purfiétiy? Wfﬁ&%ﬁ’\%‘ﬂ‘gﬂ?ﬁ&]&éi‘@fém A e PN R white solid as
2-(2-ethy1-6-flugigsatrgeylquinolin-4-ylthio)ethanol. Mass Spectrum (EST) m/e = 328 (M+ 1).
2-(2-ethy1-6-fluoro-3-phenylquinolin-4-ylthio)ethanol (200 mg, 0.61 Vilk Ql), 10imidazole (45.7 mg, 1.1
eq) and TBS-CI (110;’@: eq) in DME (3 mL) was stirred at rt ov& t, 50% starting material

remained. The reactio ture was then treated with imidazole (45.7mg, 1.1 ca) and TBS-C1 (110
mg, 1.2 eq). After 2 h, the rgaction was complete. The reaction md & diluted with water (10 mL)
and EtOAc (20 mL). Yhe ye% were separated and the aq. layer was 15 exfracted with EtOAc (10 rnL
x 2). The combined organic Jaiersswere washed with water tT0 mL X 2), Bring mL), dried over
sodium sulfate, filtered, an nder reduced pressure. Purificefep0OR£0N ash gave a
colorless oil as 4-(2-( putyldi f Renylquinoline. Mass
Spectrum (EST) rrile’ <442 (M#+ 1). 4-(2-(tert-Butyldimethylsilyloxy)- 2

Oethylthio)-2-ethyl-6-fluoro-3; ylguinolir 2 | ) IR0l HFzoindoline-1,3-
dibromo-5,5-dim‘étﬁ]3}fﬁ%fa?ﬂ%%q?@igﬂﬁg§? gr?uééiévg}%%%g‘?gﬁ({%d i?\ﬁ%%r é}? tetcrigléﬂfolrigle (10 mL). To
the mixture Was ditdedBengdyl peroxial. (ThugnoercsaPant ie&ed AeehlirBI™H: After cooling to
rt, to the mixture (yy@%@gg@@g%agﬁwwgwmr@@)mg@ﬁﬁd@mjz,)ng',hleorayﬁns_(yil)ere separated

and the ag. 25 layer was extracted with DCM ( x 2)..The comhined. i layers were washed
with water (3 niLﬁ“ﬂrmga@ml){)&ﬁgﬁ%%?’%%%&gﬁggu%’tg;d%?ere%,@h%%@%ge?tﬁ%’ er reduced pressure

to give an orange gyiyed 8. @6(tbremsostipd)-44(2 N, and the resulting mixture was heated to
(tert'b“ty'dimethX'%'3‘?%?ﬁ“’aﬂﬁ'?&?%ﬁ%@%%%.Pf*ﬁ@}’é%iB{%Uiﬁ?y VassSpastiumESsmie = 520, 522
(M + 1). A mixture of 2-(1-bfomoethyl)-4-(2-(tert- 3 e e 2l
Obutyldimetryisi PyRIRyEtRE Ahiceaonl 5. b Aiswsiabimide S ob iy e IO FDWMF (3 niL) was
treated with phthaligaiderpatassidnisalt (1Rdng .1 200°€d) dte68iGdorRhfo CHMSShbweitheompletion.

The reaction mIX%Jtr Avgax{?as added. The organic extract was washed with water and dried over

sodium sulfate. The solution was filtered and concd in vacuo. The crude residue
was purified via combiflash using EtOAc/hexane (1:4) to obtain 2-(1-(1,3-dioxo-
15  isoindolin-2-yl)ethyl)-6-fluoro-3-phenyiquinoline-4-carbonitrile as a light yetlow-

ish solid.

To a solution of 2-(1-(1,3-dioxoisoindolin-2-yl)ethyl)}-6-fluoro-3-phenylquinotine-
4-carbonitrile (73.9 mg, 0.175 mmol) in EtOH (2 mL) was added hydrazine
20 (0.055 mL, 1.754 mmol) and the resulting mixture was heated to 60 °C for



WO 2010/151740PCT/1JS2010/039942 A-1478 WO-PCT- 123 - partitioned between water and EtOAc,
the layers were separated and the aq. layer was extracted with EtOAc (10 mL x 2). The combined
organic layers were washed with water (10 mL x 2), brine (10 mL), driedvefsadiumsulfate, filtered,
and concd UHUEFEGLEEd pressure. The residue was purified by combifiash on 5silica gel
(DCM/hexane, 0/1 to 1/1) to give a white foam as 2-0 -(4-(2-(tert-

butyldimethylsilyloxy)ethylthio -6-f|uoro-3-phenquuinglin-2-y|Iethyp-isoindoline-1.3-dione. To a solution
of 2-0-(4-(2-(tertbuf/Rd Tilyloxy)- - Hle-
ethylthio)-6-fluoro-3-phenylquinalin-2-ypethyDisgindojine-1,3-dione (80 0. mol) in THF (6 mL)
and H20 (2 mL) 405818 ddE8 GREMY (35t g%ﬁ%%ﬁ%g&rr{%o , %qeoq 3?%?%%%’5\%58 suspension was
stirred overnightTiviaterexone (336dmgd €. ESmmbhrds@epniascddded Md @ FEaEtidbN mixture was
stirred at rt overnight again. The reactiq@,mixture was extracted with EtO&¢ (10 mL x 2). The combined
organic layers were washed with bring ¢NL X 2), dr] sodium §1J+tz]-nél,\! filtered, and coned
under reduced pressure to give a yellqw foam 15as 2-Q. E ks ;|\

-(6-fluoro-4-(2-hydres yis Ifinyl)-3-|5‘he VIqunoIin-Z-'\f/IIe{Wyl- isgindoline ,3zdione. Mass Spectrum
(ESI) m/e + 489 : ip’o_-G?(’l-(G- lugro- )-2-hydréve |@ ulfinyt)-3 /Bh :@1 uinolin-2-

)eth{lamino) pyrimidiie-5- 20¢asboniffile S. '0 HOHO HO
2-0-(6-Avoro - (2 DY et tyloy %ig‘yolah%ﬁ%eﬂxéqé;im@- Nlsipiseiodalig-lodsdione was dissolved

in EtOH (5 mL) and tréated-wit _ﬁy razine (0.5 mL) at 60 C for 30 min. After cooling to rt, the reaction
mixture wasTextragted Wihnes B io KDl thml zyay pided Mbited Srgdhte iyl Washed with
water, brine (10 gk X2} dresqyversadivmm sulfate fiterechiand tonedotindeniedeced pressure WO

2010/151740PC15;{1%\§V§(? %oov(r)a?rrgngtgzrt%ﬁ 432; 1 woaé Ff)iﬁg;éé" %ﬁld_submitmd for chiral separation.

The filtrate was subjected to HPLC purification.
2--(1—({5-AminO-chyam)«ri—pyrimidinyi)amino}ethyi)-@-i}uom—:&—phenyl»4-

10 guinolinecarbonitrile
'H-NMR (500 Hz, CD;0D) 8 ppm 1.48 (3 H, d) 5.67 (1 H, g, J=6.77 Hz) 7.56 (1
H, m) 7.61 (4 H, m) 7.80 (1 H, td, /=8.80, 2.45 Hz) 7.86 (1 H, dd, J=8.80, 2.69
Hz) 8.06 (1 H, s) 8.32 (1 H, dd, /=9.17, 5.26 Hz). Mass Spectrum (EST) m/e =
410 (M + 1)

15 Z~((1S}~}-((6~Amin0~S-cyan0-4~pyrimidinyl}amino)ethyi)-ﬁwﬂu0r0-3—pheny1—
4~-quinolinecarbonitrile
'H-NMR (400 Hz, CD;0D) § ppm 1.41 (3 H, d) 5.59 (1 H, q, J=06.72 Hz) 7.53 (1
H, m) 7.61 (4 H, m) 7.80 (2 H, m) 7.93 (1 H, s) 8.30 (1 H, dd, J=9.19, 5.28 Hz).
Mass Spectrum (EST) m/e = 410 (M + 1)

20 2—((1R)-}~((6—Amin0»5—cyano—4-pyrimidinyi)amin0)ethyl)~6-ﬂu0r0-3—pi1enyl—
4-guinolinecarbonitrile
'H-NMR (400 Hz, CD-0D) & ppm 1.41 (3 H, d) 5.59 (1 H, q, J=6.78 Hz) 7.53 (1
H, m) 7.61 (4 H, m) 7.80 (2 H, m)} 7.93 (1 H, s) 8.30 (1 H, dd, J=929, 518 Hz).
Mass Spectrum (EST) m/e = 410 (M + 1).



to give a pale yellow oil as 2-(2-(1-aminoethy1)-6-fluoro-3-phenylquin0I111-4-ylsulfinypethanol. Mass
Spectrum (ESI) m/e = 359 (M + 1). To this oil was added 4-amino-6-chloropyrimidine-5-carbonitrile
(15.8 mg, 1.0 ezy, Hun[&'s base (1.2 eq)n-BuOH (1 mL) and the mixture ywasheaigd:18425 C for 4 h.
After coolingg% ! f}?ﬁfe mixture was purified by reverse HPLC (MeCN/H20, 10-50% containing 1%
TEA) to give a white powders as
4-amino-6-(1-(6-fluoro-4-((R)-2-hydroxyethylsulfiny1)-3-phenylquinolin-2-yl)ethyl amino)pyrimi din
e-5-carbonitril e AH&MRYSd0-tiz, DMSO-d6) 8 8.9 %dd, J=10.0, 5.0 Hz, 1H), 8.23 (dd, J = 10.0, 5.0
Hz, 1H), 7.92 (s, 1H), 7.84 (id, J = 10.0, 5.0 Hz, 1H). 7.46-7.53 (m, 5H), 7.37- 1 07.39 (m, 1H), 7.27 (s,
br, 1H), 5.10-5.1%"(5?1”{‘,1’.!!%?4.96 (t, J =5.0 Hz, 1H), 3.75- 3.84 (m, 2H), 3.17-3.21 (m, 1H), 1.32 (d, J =
10.0 Hz, 3H). Mass Spectru 1) mie =477 (M + 1).
4-Amino-6-(1-(6-fluoro-44(S ydroxyethylsulfiny1)-3-
phenylquinolin-2-yOethylami rimidine-5-carbonitrile. 1H-NMR 80 Hz, DMSO-d6) 58.97 (dd, J =
10.0, 5.0 Hz, 1), 8.31 (ddQF>{,0.605.0 Hz, 1H), 8.05 is (s, E‘EH), ¥.757(td, J= 10.0, 5.0 Hz, 1H),
7,59-7.63 (M, 1H), 7.51-7.54 (m, 3H), 7.37-7-39(m;-H)#5.46 2NQ.0z, 1H), 4.96 (t, J = 5.0 Hz,
1H), 3.97-4.01 (m, 1H), 3.86-3.89fm,} 3.65-3.70 (m, 1H), 1H), 1.46 (d, J = 10.0 Hz,
3H). Mass Spectrum (ESI) prike ] F
202-0-(3-Bromo-6-fluoro-44methylthio)quinolin-2-ypethypisomeslin - dione  SMe A solution of
4-fluoroaniline (11.11 g, 100 mmol), methyl propionylacetate (13.01. g, 00 mmol) and
p-toluenesulfonic acid (0.25 g, 0.013 eq) in cyclohexane (35 WO 2010/151740PCT/US2010/039942
A-1478 WO-PCT 1205 4nk} Wgﬁ@%@&é—%ﬁ&o@%@&%ﬁéﬁ%iﬂ@ﬂ)&ﬁﬁl}%@ﬁaﬂ&mtemseparator

[

overnight. Filtration followed with removal of solvent gave a r_efig il. To ? Eﬁ%ﬁttw with distillation
head and droppiéPReHREHFas- A EIBBWIHET TR TEETE) Gnd Reated to 240 € internal
temperature220 &eFhexed cil uasiagdad Bisbpwisz ih A minnehilbKeegirblder@mberature above
210 C internally. ébc\) Sim tert-butoxide (33.5 mg, 0.348 mmol) and Pda(dba); (10.63 mg, 0.012

mmol) in toluene (1 mL) was stirred at 100 °C for 30 min. The reaction mixture

was allowed to warm to rt and partitioned between EtOAc and water. The organic
Jayer was washed with brine and dried over sodium sulfate solvent was removed
10  under reduced pressure. The crude residue was purified via combiflash using
FtOAc/hexane (30%) to obtain 2-( 1-(6-fluoro-4-(2-methoxyethytamine)-3-
phenylquinolin-2-yl)ethyisoindoline-1,3-dione as a yellow oil.
4-Amino-6-(1-(6-fluoro-4-((2-m ethoxyethyl)amino)-3-phenyl-2-quinolinyl)-

ethyljamino)-5-pyrimidinecarbonitrile

NH,
N CN
O7PNTTO K‘N NH

15
To a solution of 2—(1~(6mﬂuor0—4»(2~meth0xyethylamino)&~pheny1qu-inolin—2—yl}-

ethyl)isoindoline-1,3-dione (73.9 mg, 0.157 mmol) in EtOH (2 mL) was added
hydrazine (0.049 mL, 1.574 mmol) and the resulting mixture was heated to 60 °C



addition, the mixture was stirred at 240 C for 15 min before cooling to rt. The resulted solid was filtered
off and washed with a mixture of hexane and EtOAc (9/1). The solid formed in the filtrate was filtered
again and W?.Shed with mixed solvents. A yellow solid was obtained as porus2010/039942
2-ethyl-6-fI0bPoYeRA A (1H)-one. 1H- 10NMR (500 Hz, CDC13) 89.7 (s, br, 1H), 7.91 (dd, J - 10.0,
5.0 Hz, 1H), 7.39 (dd, J = 10.0, 5.0 Hz, IH), 7.26 (td, J = 10.0, 5.0 Hz, 1H), 6.11 (s, 1H), 2.62 (g, J =
10.0 Hz, 2H), 1.27 (t, J = 10.0 Hz, 3H). A stirred solution of 2-ethy1-6-fluoroquinolin-4(1H)-one (2.6 g,
13.6 mmol) in AdeH 18R Was treated with pyfiditim tribromide (8.7 g, 2.0 eq) at rt. After stirring

overnight, the reaction 15 mixture was quenched Wilth Na2S203 solutio% Tﬂg&%sulted solid was

washed  waterfOESREOH ARG ISE AR R 1 PIOEH Whitd Soit 5 TS
ethy1-6-fluoroquinglies4 (i) fones HMR(BOMH I DIME(EE)S 4R 28efsemiy, PIBdd, J = 10.0. 5.0

Hz, 1H), 7.68 (dd, J = 10. 0. Hz,,1H), 7. + F 40 LR A-K 229049nd<-10.0 Hz, 2H), 1.29
(t, J = 10.0 Hz, 35" E%’ufﬂ%gﬁ-’s‘ia?ﬁ“ oF i%k:‘gf%?gg-gedtrﬁ%?ﬁét- ﬁoﬁa%ﬁgfr%ﬁf&(m y}gﬁ% (1.54 g, 5.7 mmol)
in POCI3 (5 mL)ed feshery tauimoinrammp (Kr@e BaiA gt thEOit oM iXite was poured into

ice, the resulted semi-sotid wesnestralized withNatdGQasatd salutigy-andiexttactesbwith EtOAC (20
o e AL 90 o s and prfed
3-bromo-4-ch|ormzmtgm-ammqmmim@r.ezv(aﬁ-cgoled to rt and purified via HPLC.

Bromo-6-fluoro-4c(methylinielauinalin:2-ydeiburisoidalingtho-digngyias gasiibyip steps in the
similar manner as previous described for preparation of 2(1in-2-yl)ethypisoindoline-1 ,3-dione. Mass
Spectrum (ESI) §ifybampqifpyyimidinepariafaisier. 106 -
2-0-(3-(3,5RifluorpphanyQ luorortdme s @sulfonyhgwinalin=2-gH ethy 2 i dirdpding 3B, 82dione A
mixture of 2-0-(3-bromo-6-fluoro-4-(methylthio)quinolin;2-yeethypisqindolsine-1, 3-di 100 mg, 0.23
mmol), 3,5-difIuo%;%)e%ﬁlbgr%ielééiag(&l%n8}32{%@6&%?}3%3?%@5%@3%%3# 5%;1 pR%d
tetrakis(triphenylphbisphifieypalledidin(ey 626 4ity, 505 88)(ih DIvKE (5 ¥ wasttthedMith N2 and

heated to reflux. @fg%rsg{r' gls)}{%n_jggtg Efg@gqq_ction mixture was cooled to rt, partitioned between
water and EtOAc, 5nd the Zyers were separated. The aq, layer was extractedlwith 10 EtOAc (10 mL x

2). The combined-vgamfcad{diwdfelnashdd Grtncyedighamino)-3-phenyl-2-

15  quinolinylethylamino)-5-pyrimidinecarbonitrile
'H-NMR (400 Hz, CD;0D) & ppm 1.30 (d, J=6.46 Hz, 3 H) 3.18 (s, 3 H) 3.19 -
3.22 (m, 2 H) 3.28 - 3.31 (m, 2 H) 5.25 (q, J=6.65 Hz, 1 H) 7.37 - 7.41 (m, 1 H)
7.43 - 747 (m, 1 H) 7.48 - 7.55 (m, 2 H) 7.53 - 7.61 (m, 2 H) 7.82 (dd, /=10.76,
274 Hz, 1 H) 7.94 (s, 1 H) 8.01 (dd, /=9.29, 5.58 Hz, 1 H). Mass Spectrum (EST)
20 m/e=458 (M +1).
4-Amiro-6-(((1R)-1-(6-fluoro-4-((2-methoxyethyhamino)-3-phenyl-2-
quinolinylethyl)amino)-5-pyrimidinecarbonitrile
"H-NMR (400 Hz, CD;0D) & ppm 1.30 (d, /=6.65 Hz, 3 H) 3.18 (s, 3 H) 3.19 (d,
J=1.56 Hz, 0 H) 3.21 (d, /=5.28 Hz, 1 H) 3.29 - 3.31 (m, 2 H) 5.26 (q, /=6.52 Hz,
25 1H}7.37-741(m, 1 H)7.43-7.47 (m, 1 H) 748 - 7.54 (m, 2 H) 7.55 - 7.61 (m,
2 H) 7.91 - 7.99 (m, 1 H) 8.01 (dd, J=9.19, 5.67 Hz, 1 H). Mass Spectrum (ESI)
m/e = 458 (M + 1).



mL x 2), brine (10 mL), dried over sodium sulfate, filtered, and coned under reduced pressure. The
residue was purified by combiflash on silica gel (EtOAc/- hexane, 1/4) to give
2-(1-(3-(3,5-difIuorthenyl)-6-fIuoro-4-(methylthio)quinoIin2-yDethyDisqi@q\gJIri@@1§,{%@@ne as a white
solid. Mass B SI) mie =479 15 (M + I). To a solution of
2-(1-(3-(3,5-difluoropheny1)-6-fluoro-4-(methylthio)- quinolin-2-yDethyDisoindoline-1,3-dione (42 mg,
0.088 mmol) in THF% mL) and H20 (1 mL) was a?eg d oxone (108 mg. 0.18 mmol, 2.0 eq) at rt. The
resulted suspenéidﬁ ¥ 3tirfel at rt. overnight. The Teaction was incomplete. Oxone (108 mg, 2.0 eq)
was added and the reaction mixture was stirred at rt 20 overnight again. This procedure was repeated
for twice and LCRf&2p &Y completion. The reaction mixture was extracted with EtOAc (10 mL x 2).
The combined oiganimtayers-iemowvash€d-itbthyasaHonzboobapine-AehsE%2), dried over sodium

sulfate, filtered, and cen cediesamElRuiNgawhite solid. Mass Spectrum (ES1) mic =
11 (0 + 1) A AU :

4-Amino-6-(1-(3-(3,5-df
yflethylamino)pyrimidi
2-(1-(3-(3,5-Difluoro
was suspended in ETOH {
rt, the reaction mixture was g
washed with water, brine
pressure to give aw 5 (3-(3,5-difluorophenyl)-6-fluoro-4- 1
0(methylsulfonyl)quinekf-2-yfféthanamine (30 mg, 0.079 mmol), 4-amino-6-
chloropyrimidine-5-carbonitrile (12.2 mg, 1.0 eq) and Hunig's lase (16.5 at, 1.2 eq) in n-BuOH (1 mL)
was heated to 130 C overnight. The mixture was cooled to % d ified by reverse HPLC gave a

carbonitrile 07 "NH
-6-fluoro-4-(methylsulfopy

andtreated with 0.1 mL |

5 I
GO,-"

at 70 C for 30 min. After cooling to
_ Thé cdfbined organic layers were
sulfate, filtered, and coned under reduced

ing "E-Z-yDethyI)- 5isoigdo|ine-1,3-dione

white powder as TFA salt (25 mg, 63%). 1H-NMR (500 Hz, \DS D) 88.66 (dd, J =10.0, 5.0 Hz, 1H).
8.34 (dd, J = 1510.0, 5.054#,\1H), 8.08 (s, 1H), 7.81 (td, J = I6t0. B8 Hz, 1H), 7.12-7.18 (m, 2H),
7.05-7.10 (m, 1H), 5.40 (g, J ¥10.0 Hz, 1H), 3.27 (s, 3H), 1.52 (d 0-Hz, 31-1). Mass Spectrum
(LSI)m/e =499 (M 7-1). E >

(S)-2-0-(3-(3,5-Difluoroph
2010/151740PCT/US201

To a solution of 2~(1—(4-chl.0ro—6—ﬂuoro-3—phenquuinoIin—Z—yl)ethyl)isoindoline—
1,3-dione (300 mg, 0.696 mmol) in EtOH (4 ml) was added hydrazine (0.219
ml, 6.96 mmol) and the resulting mixture was heated to 60 °C for 20 min. The
reaction mixiure was allowed to warm to rt and the solid was filtercd. The filtrate
10 was concd under reduced pressure and used crude for the next step. Toa solution
of 1~(4-ch10ro-6-ﬁu0r0—3v«phenyiquinoiin—2~yi)ethanamine in DCM (4.00 mL) was
added N-ethyl-N-isopropyipropan-2-amine (0.146 mL, 0.836 mmol} followed by
the addition of di-tert-butyl dicarbonate (167 mg, 0.766 mmol) and the resulting
mixture was stirred at rt for 2 h. The crude solution was washed with water, brine
15 and dried over MgSQy and solvent was removed under reduced pressure to obtain
tert-butyl 1-(4-chloro-6-fluoro-3-phenylquinolin-2-ylethylcarbamate. A solution
of tert-butyl 1 (4-chloro-6-fluoro-3-phenylquinolin-2-ylethylcarbamate {50 mg,
0.125 mmol), 2-(methylsulfonylethanamine (15.36 mg, 0. 125 mmol), dicyclo-
hexyl(2',6'-dimethoxybiphenyl-2-yljphosphine (10.24 mg, 0.025 mmol), pda(dba)s
20 (11.42 mg, 0.012 mmol) and sodium 2-methylpropan-2-olate (17.98 mg, 0.187



A-1478 WO-PCT- 128 - 2-(143-(3,5-Difluoropheny1)-6-fluoro-4-methoxyquinol in-2-y' JethyDisoindol
inel,3-dione was synthesized from 3-bromo-4-chloro-2-ethy1l-6-tluoroquinoline in a similar manner
as described in the19r7e£}aration of the corresponding sulfur analog POTTUS2010/039942
2-(1-(3-(3,gyé?fﬁ%qjobhenyl)-&ﬂuoro-4-(methylthio )quinol in-2-yllethyl)iso- 5indoline-1,3-dione. Mass
Spectrum (ES!)= 463 (M -1 1). (S)-2-0-(3-(3,5-

difluorophenyl)-6-flitoro-4-methoxyquinolin-2-yfleth gsoindoline-l,S-dione was obtained by chiral
separation on O@W@r}’ifrp(‘ltylgpbwhexanc, up to 15%).

(S)-4-Amino-6-0-(3-(3,5-difluoropheny1)-6-fluorp-4-methox ug' ine2=Y 1 e oot was
ethylamino)pyri élg-@é‘fﬁben@rﬁ%ﬂﬁgaﬂ%eﬁfﬁ?%% 152)6 B gnhQ[ "It " vent
(S)-2-(1-(3-(3, 5-elifwordpheny iddetdprostumetidony dishaimcnytifl sy rsogmeasdione (45 mg,

0.1 mmol) in Eto@g rﬁxlﬁ)t}yg%%tég%ggdgwﬁqi_r@@_ggélrdm_kza&g&}glgg[fgﬁ)ymn. After cooling to rt,
the reaction mixture was partitioned between water (5 mL) a{}j igthfé @ﬂ%%JhV%grganic layer was
isseparated, wasHetwine W HED s d- KRt BAAEBE Ve Blhite 30 Witk was dissolve in

n-BuOH (1 mL) amebdrerted with Hungishase (01084 reslltihPrecandvas stirred at 1t. for 1
overnight, After Soal g 6 1 e SRt T UrE MSs Dt by e e ENH20/0 196
TEA, 10-60%) tagive fanihites 20 o el crudaR (oD 42 OMsocasy B 12 8.0, 4.0 Hz,
1H), 7.98 (s, 1%&&?@% ﬁ&@ﬂs%h@yl@)&)@{zﬂa?ﬁﬂmnmm.@;&1@&) b.rasaaflaxiaﬂzz-zm (m, 3H),
5.29-5.33 (m, 1H), 3. 4(S 3H), 1.36 (t,.J=8.0 H S eciry Q@a I{Q/gc-hﬂ)ﬁ} (M+1). WO
2010/151740PCWE%ﬁWQP%fA%W%@-@@#H% - xampfe%éo: %?A solution of
2-(1-(3-brogmp-6-fluoradier®ihwyuinolins2-yRedyBisoedolinkthe resulting mixture was
heated to 110 °C for 3 h. The solvent was removed and purified via HPLC.
4—Am'mo~6-((1-(6-ﬂm)m-é-((}{methy}sulfonyl)ethyl)amine){'s-pheny]~2-
guinolinyl)ethylamino)-5-pyrimidinecarbonitrile
IH-NMR (400 Hz, CDs0OD) & ppm 1.53 (3 H, d, J=7.04 Hz) 2.91 (3 H, $) 3.30 (3
15 H,s)3.49 (2 H,m)4.97 (1 H m) 7.55 (1 H, dd, /=440, 2.25 Hz) 7.63 (2 H, m)
781 (2 H, ddd, J=9.29, 7.63, 2.64 Hz) 7.88 (1 H, m) 8.02 (1 H, s)8.09 (1 H, dd,
J=9.39, 4.89 Hz) 8.16 (1 H, dd, /=10.17, 2.54 Hz). Mass Spectrum (ESI) m/e =
506 (M + D).
4-Amin0~6-(((1S)—1-{6-ﬂuoro—4—((2--(methylsulfony}}ethy})amino)ﬁ-—phenyl—l—
20 quinuliny!)ethyl)amin0)-S~pyrimidinecarbonitrile
'H-NMR (400 Hz, CD;0D) 8 ppm 1.55 (d, 3 H) 2.92 (s, 3 H)3.28-3.32 (m, 2 H)
3.44 - 3.55 (m, 2 H) 5.00 (g, /=7.04 Hz, 1 H) 7.57 (dt, /=4.50, 2.25Hz 1 H)y7.62
- 7.70 (m, 3 H) 7.82 (ddd, J=9.39, 7.63, 2.74 Hz, 1 H) 7.90 (dd, /=6.94, 1.66 Hz,
1 FI) 8.04 (s, 1 H) 8.11 (dd, /=9.39, 489 Hz, 1 H) 8.17 (dd, /=10.17, 2.54 Hz, 1
25 H). Mass Spectrum (EST) m/e = 506 (M + 1).



1,3-dione (10 mg, 0.023 mmol), obtained in a similar why as described for 2-(1- 5
Eg-l;;omo-((S)—fIuoro-4-(methylthio)quinolin-2-ypethyl)isoindo|ine-1,3-diorte, and pyridin-3-ylboronic acid

.73 mg, 0.047 mmol), K2CO3 (9.66 mg, 0.070 mmol) in DME (2 mL) '

g, 0.0 , WaSRARAMINN2 followed by

the ad_dltlon ol 5}&?5151 %4_ (2.69 mg, 2.330 umol). The resulting mixture was heated to 100 C
O\éccajrnlght. The reaction mixture was allowed to cool to rt. The product isolated as previously
10described for similar analogs. 2-(1-(6-fluoro-4-methoxy-3-(pyridin-3-yOquinolin-
2-yDethyl)isoindfiHed WAiBke. - 117 - .

4-Amino-6-(01R)-1-(6-fluoro-4-metboxy-3-(3-pyridiny1)-2-quinolinyflethyl)-

amino)-5-pyrimi 'ﬁ%@Q?BéﬁitﬁT@W?é%‘g“ﬁﬁow%&ﬁlg%{’sﬁﬁ |3§?%¥3n0}_3-phenyi_zn
(R)-2-(1-(6-f|uorqﬁmljlgxmﬁ})(mlidim—ﬁsmﬁamﬁiohnazbyB'mﬁiyl)- isoindoline-1,3-dione (19.7 mg, 0.046
mmol) and hydrazine (1.447 p.L, 0.046 mmol) in EtOF1 (1 mL) was heated to 60 C for 30 min. The
solvent was remode and Et0OAc was added §nd washed with water, bring ard dried over sodium

sulfaf[e to obtain {R{=1-(6-fluoro-4-methoxy-3-(pyridin-3-34)quinolin-2-"2 0yl)ethanamine as clear oil. To
solution of (R)-l-(Eﬁuoro-4-methoxy-3-(pyﬂdimJH SN
O N

A solution of tert-butyl 1-(4-chloro-6-fluoro-3-phenylquinolin-2-ylethylcarbam-
5 ate (100 mg, 0.249 mmol), 2-aminoethanol (15.24 mg, 0.249 mmol), dicyclo-

hexyl(2',6'-dimethoxybiphenyl-2-yf)phosphine (20.48 mg, 0.050 mmol), sodium
2-methylpropan-2-olate (36.0 mg, 0.374 mmol) and pdx(dba)s (22.84 mg, 0.025
mmol) in toluene (2 mL.) was heated to 110 °C for 1 h. The solvent was removed
under reduced pressure. EtOAc was added and washed with water, brine and

10 dried over sodium sulfate and the solvent was removed under reduced pressure.
The crude residue was purified using EtOAc/hexane (1:1). To the crude residue
of tert-butyl }.~(6~ﬂu0r0-4~(2-hydmxyethy1amino)—3—phenquuinolin—Z-yI)ethyl-
carbamate (17 mg, 0.040 mmol) was added HCI (0.1 mL, 0.400 mmol) and the
resulting mixture was stirred at rt for 1 h. The reaction was monitored by LCMS.

15 The solvent was removed and used crude for the next step. To the crude solution
of 2-(2~(1-aminoethyl)-6-fluoro-3-phenylquinolin-4-ylamino)ethanol in BuOH (1
mL) was added N-ethyl-N-isopropylpropan-2-amine (0.021 mL, 0.120 mmol) and
4-amino-6-chloropyrimidine-S-carbonitrile (7.41 mg, 0.048 mmol) and the
resulting mixture was heated to 110 °C for 3 h. The solvent was removed and

20  purified via combiflask using EtOAc/hexane (1:1) with satd ammonia.
4- Amino-6-((1-(6-fluoro-4-((2-hydroxyethyl)amine)-3-phenyl-2-quinolinyi)-
ethylyamino)-5-pyrimidinecarbonitrile
'H-NMR (400 Hz, CDs0D) & ppm 1.31 3 H, d, J=6.65 Hz) 3.08 (2 H, m) 3.49 (2
H, td, /=5.48, 2.15 Hz) 5.26 (1 H, q. /=6.59 Hz) 7.41 (1 H, m) 7.53 (5 H, m) 7.88

25 (1 H,dd, J=10.76,2.74 Hz) 7.95 (1 H, m) 8.01 (1 H, dd, J=9.29, 5.58 Iz). Mass
Spectrum (EST) m/e = 444 (M + 1).



3-yOquinolin-2-yeethanamine (13.9 mg, 0.047 mmo1) in BuOH (1.000 mL) was WO
2010/151740PCT/US2010/039942 A-1478 WO-PCT- 130 - added
4-amino-6-crg1or08Y£%r_}1i(3dine-5-carbonitrile (7.12 mg, 0.046 mmol) and DfeA{R 4P ldksed32046 mmol).
The resultir%(ﬁ%l%ur‘e was heated to 100 C. The solvent was removed and crude residue was
subjected to preparatory. TLC using 3% MeOH (with 7N Ammonia)/ DCM to obtain
(R)-4-amino-6-0-(6-fluoro-4-
5methoxy-3-(pyr’i‘di¥‘i‘-?ﬁ3>ﬁ@0?ﬁain-2-y|)ethy|amino)|5)1/ﬁr'nidine-5-carbonitri|e as a light yellowish solid.
Example 51: 4-Amino-6-0(1R)-146-fluoro-4-methoxy-3-(3-Pyriding1)-2-
guinolinyl)ethypamino)-5-pyrimidineearbonitrile  10A solution of
(S)-2-(1-(3-brome-Srinore-4irtétidxdmiciblita BxipB ttiaylfisminedétifaor 8k tdo mg, 0.233 mmol),
pyridin-S-ylboronic-ggi%*l gtgmgm%gg_wgpimgog%ﬁm carbonate (97 mg, 0.699 mmol) in DME
(2 mL) was purgggllwn ollowed by thé addition of Pd(PPh3)4 (26.9 mg, 0.023 mmol) and the
resulting mixture s HshrEa oretora G\ ARgRELTHAYESR/ent was removed 15 and EtOAc was added
and washed with water, brine and dried ovensedium sulfate. The crude residue was subjected to
combiflash purification using 1:1 EtOAc/hexghe tain

(S)-2-(1-(6-fluoro-4-methoxy-3-(pyridin-3- rﬁ)\qui olin-2- yl)ethyBisoindoline-1,3-dione as a clear oil. A
solution of (S)-2-(1-(6-fluoro-4- methoxy-3-(pyridi3-yl)quinolin-2-3/1)ethyl)isoindoline-1,3-dione (23.7
mg, 200.055 mmol) and hydrazine (1.740 jtL, 0,055 ph in EtOH (I mL) was heated to 60 C for 30

; shed with water, brine and dried over
sodium sulfate to obtain (S)-1-(6-fluoro-4- mg n-3-yOquinolin-2-yHethanamine. To a
solution of (S)-1-(6- fiuoro-4-methoxy-3-(pyri J lnolin-2-y1)ethanamine in BUOH (1.0 mL)
25was added 4-amino-6-chloropyrimidine-5-carbonitrile |(8.57 mg, 0.055 mmol) and DIEA (9.68 uL,
0.055 mmol). The resulting mixture was heated to 100'C for | h. The crude solution was allowed to
cool to rtandsppt was observed. The solid WO 2010/151740PCT/US2010/039942

"H-NMR (400 Hz, CDsOD) & ppm 5.24 (3 H, d) 6.02 (6 H, ) 6.27 (2 H, m) 7.01
(2 H, td, J=6.46, 1.17 Hz) 9.20 (1 H, q, /=6.52 Hz) 11.35 (1 H,m) 11.46 (5 H, m}
11.78 (1 H, dd, J=10.76, 2.54 Hz) 11.88 (1 H, 5) 11.94 (1 H, dd, J=9.29, 5.58 Hz).
Mass Spectrum (ESTy m/e =471 (M + 1).

10 Example 44: N-(1-(6-Fluoro-4-(methylsulfonyl)-3-phenylquinolin-2-ylethyl)-
9H-purin-6-amine, (S)-N-(1-(6-fluoro-4-(methylsulfonyl)-3-phenylguinolin-2-
ylethyl)-9H-purin-6-amine, (R)-N-(1-{6-fluoro-4-(methylsulfony})-3-phenyl-

quinolin-2-ylethyl)-9H-purin-6-amine

HN"‘\\ HN"‘Q\ HN"\\
N N N
NZ NT N7
O N7 TNH N7 OTNH NT TNH
—— < F

il

2, R, 0
Lo O L LY
SO.Me S0,Me SCMe

1

15 A mixture of 1-(6-fluoro-4-(methylsulfonyl)-3-pheny quinolin-2-yl)ethanamine
(90 mg, 0.26 mmol)}, 6-chloropurine (40.4 mg, 1.0 eq) and Hunig’s base (55 pL,
1.2 eq) in n-BuOH (2 mL) was heated to 130 °C overnight. The mixture was
cooled to rt, and purified by reverse phase HLPC (MeCN/H,O, 10%-50%

containing 0.1% TFA) to give a white powder as TFA salt of N-(1-(6-fluoro-4-
20 (methy}sulfozlyl)—S’phenyiquinolin-Z—y1)et.hyl)—9H—purin~6~améne. 'H-NMR (400



A-1_4_78 WO-PCT- 131 - was filtered and the filtrate was coned and subjected to preparatory TLC
purification. 1H-NMR (400 Hz, CD30D) 8 ppm 1.41 (5 H, d, 1=6.65 Hz) 3.66 (3 H, s) 5.42 (1 H, q,

1=6.59 Hz)a{]b(s% 1&% H,m) 7.83 (1 H, dd,J=9.39, 293 H2) 7.96 (1 H, 5):&:4#(@#eslshdzd.19, 5.09 H2)
8.69 (2 H, 4t 389 1 57 Hz). Mass 5Spectrum (ES1) mic = 415 (M = 1). Example 52:

4-Amino-6-(U1S)-1-(6-fluoro-4-methoxy-3-(3-pyl1'yl)-2- quinolinybeth [ imidi itri

_ ybamino)-5-pyrimidineearbonitrile
II—l—NMR (500 Hz, ?DSOD&SPg%m Ni (3 H, d) 3.65 (312, s)5.41(2H.m)7.66 (2H,m)7.83(1H,dd,
1=9.41, 2.32 HA S VY817 (2 H, dd,1=9.29, .14 10Hz) 8.69(2 H, d, 1=4.89 Hz). Mass
Spectrum (EST) m/e = 415 éM 1). Example 53: Met

2-(1-aminOethy!}&- A8 B-pRenyitfitrio fﬂg;ﬁiﬁr%i(ﬁ%e(ddsbmc§20M4e'%Hz’ D E)?N 1:11K -

(s, 1H), 8.08-8.14 (m, 1H), 7.73 (td, I = 8.0, 4.0 Hz, 1H), 7.42-7.52 (m, SH), 5.46
(m, 1H), 3.11 (s, 3H), 1.49 (d, T = 8.0 Hz, 3H). Mass Spectrum (ESI) m/e = 463
M+ 1).

5 N—(}»(6~ﬂu0ro-4-(methylsu1fonyl)~3~phenquui.nolin-2-y1')cthy1)-9H~pu1'in—6—
amine was purified by chiral OD column (isopropanol/hexane, up to 15%). First
fractions were combined and coned under reduced pressure to give a white solid
as (S)}-N-(1 a(émﬂu.oro~4-(methyisu}.fonyl)—3-phenyiquinolin—2-y1)ethyi)—9H-—purin-
6-amine (20 mg, stereo center was assigned based on biological activity compared

10 with earlier compounds), 'H-NMR (400 Hz, CD:0D) § 8.73 (dd, I = 8.0, 4.0 Hz,
1H), 8.23 (dd, ] = 8.0, 4.0 Hz, 1H). 8.14 (s, 1H), 8.08-8.14 (m, 1H), 7.73 (td, I =
8.0, 4.0 Hz, 1F), 7.42-7.52 (m, 5H), 5.46 (m, 1H), 3.11 (s, 3H), 149 (d,1=8.0
Hz, 3H). Mass Spectrum (ESI) m/e = 463 (M + 1), (R)-N-(1-(6-fluoro-4-
(methylsulfeny])—3—phcnquuinolin—?.~y1)ethyl)~9H—purin~6~amin€. -NMR (400

15 Hz, CD:OD) 8 8.73 (dd, J = 8.0, 4.0 Hz, 1H), 8.23 (dad, I = 8.0, 4.0 Hz, 1H), 8.14
(s, LH), 8.08-8.14 (m, 1H), 7.73 (td, ] = 8.0, 4.0 Hz, 1H), 7.42-7.52 (m, 5H), 5.46
(m, 1H), 3.11 (s, 3H), 149 (d,J=8.0 Hz, 3H). Mass Spectrum (ESI) m/e = 463
(M+1).
Example 45:

20  24-Dichlero-5-flucro-3-phenylquinoline

Bo U e p—

HOLC™ ~CO,H

A mixture of 3-fluoroanifine (3.33 g, 30 mmol) and 2-phenylmalonic acid (7.89 g,

1 46 eq) was treated with POCly with caution. The resulted suspension was

heated to 95 °C and stirred overnight before increasing the temperature to 145 °C
55 for 1 h. After cooling to 1t, the reaction mixture was poured into ice and stirred for

10 min. The mixture was extracted with EtOAc (100 mL x2), washed, dried,

coned and purified by combiflash(DCM/hexane, 0/1 to 2/3) to give 1st component

undesired region-isomer as a yellow solid and 2nd fraction 2 4-dichloro-3-fluore-



0 7 eq O benzoyl peroxide (0.1 eq), CCl4 reflux NaN3 NH2 CO2MerCO2Me A mixture of
5-fluoroisatin (5.00 g, 30.3 mmol), 1-phenylbutan-2-one (4.94 g, 1.1 15eq) and KOH (5.1 g, 3.0 eq) in
EtOH (100 mL) was heated to reflux for 3 h. After WO 2010/151740PCT{J92Q10/033942 A-1478
WO-PCT- 1% 2038’8%794{{0 rt, the reaction mixture was coned, diluted with water, extracted with ether
twice and neutralized to pH 5. The resulted solid was filtered, washed with water and dried in the air to
give a mixture of isomers. The solid was suspended in DCM (100 mL) and treated with SOC12 (18 g,
5.0 eq) at rt oveﬁaiéﬁi’ﬁﬁ@%jcﬁ(frent 5 was removed i&ﬂd treated with MeOH (50 mL) at rt for 2 h.

Removal of solvent followed with addition of satd sodium bicarb(ﬁ%aé? S I;Jrggg Oga}\(:egaobrown oil. The
reaction mixture WA BRGHERIEHAARIBIRCSERY mit- X2 R ot %)rg iés Were Washed with

water, brine, drigg,0yef spdiunysuifate: Resoval ofeaventssibliawedyeith purification on column
chromatography on silica gel (hexane/-,1 (. Et 19).gave meth 0T o6
2-ethy1-6-fluoroE“—Bﬁ@ﬁgﬂgﬂﬁ?é‘l‘i’fgl-%?‘gé?B%%?ﬁ?g)s%g%}é%&vnﬁ%-sg%%?tilﬁl}l\?l?ﬂ I[-%u(ldigo6 Hz, CDC13)
6814 (dd, J = 8.QydieHz, 1H), 7,407.54 (m, 5H), 7.26-7.35 (m, 2H), 3.62 (s, 3H), 2.85 (g, J = 8.0 Hz,
2H), 1.23 (t, J =- 8.0 Hz, 3H). Mass Spectrum (PSI) rn/e = 310 (Mn#). Methyl 2-ethyl-6-fluoro-3-
phenylquinoline-4-carboxylate (1.00 g, 3.2 mmol) and 1,3-dibroma:5,5-dimethyl- 1 5 hydantoin (647
mg, 0.7 eq) were suspendelifia carbon tetrachloride (30 mL) aﬁ\é |

N SNTNH

/?’S‘O F
i-(5 -Fluoro-4-(methylsulfony!)-3-phenylquinolin-2-yljethanamine was synthesiz-
ed from 2,4-dichloro-3-fluoro-3-phenylquinoline according to the procedure for 1-
(6—ﬂuoro~4—(methyisu1fony1)—3~pheny1quinolin-?_—yl)ethanamine. A mixture of 1-
(S-ﬂu0m~4~(mcthylsuifonyi)-?a—phcnquuinolin—Z—yl)ethanamin.c (60 mg, 0.17

10 mmol), 6-chloropurine (27 mg, 1.0 eq) and Hunig's base (55ul,1.2eq)inn-
BuOH (2 mL) was heated to 130 °C overnight. The mixture was cooled to rt,
coned, dissolved in DCM (2 mL)} and purified by combiflash (DCM/McOH, 20/1)
to give a pale yellow solid. 'H-NMR. (400 Hz, CD,0D) & 8.40-8.45 (m, 2H), 8.10
(¢, T = 8.0 Hz, 1H), 7.85-7.95 (m, 1H), 7.65 (d, ] = 8.0 Hz, 1H), 7.42-7.55 (m,

15 SH), 5.75-85 (m, 1H), 3.32 (s, 3H), 1.50 (d, ] = 8.0 Hz, 3H}. Mass Spectrum (ESI)
m/e =463 (M + 1).
Example 46: (S)-4-Amino-6-(1-(5-flucro-4-(methylsulfonyi)-3-phenyl-
quinolin-2-yl)ethylamino)pyrimidine-5-carbonitriie

NH,
. )\/I(CN
S

N™ "NH




treated with benzoyl peroxide (78 mg, 0.1 eq) and the mixture was heated at reflux for 3 h. The
reaction mixture was cooled to rt and treated with satd ag. sodium bicarbonate solution (10 mL). The
layers were §eparated and the ag. layer was extracted with DCM (3 mL x.2).«Eh&; &esdined organic
layers were Wadhed 26" with brine (30 mL), dried over sodium sulfate, filtered, and coned under
reduced pressure to give methyl 2-(1-bromoethy0-6-fluoro-3-phenylquinoline4-carboxylate as a yellow
solid (crude, 1.4 g). To a solution of methyl 2-(1-bromoethyl)-6- fluoro-3-phenylquinoline-4-carboxylate
(1.17 g, 3.00 mreB4AEONEERE L) was added NaN3(D.293 g, 1.5 eq) at ft. After 2 h, LCMS showed
completion. The 25 reaction mixture was diluted with water, and extract ith Et0Ac (10 mL x 2). The
organic layers Wéf@’(’;‘é‘t"ﬁ%ﬂfeld(,mﬁﬁimﬁ%ﬁﬁowﬁ%ﬂ%& q %Iﬁcggl %ﬁ%e r%}él%ﬁiﬂe(
2-(1-azidoethy1)Boftugro-3 pheollquindiine-dicarb Oriylateas-aatharditi nddst Spedtlpd)(ESI) mie =
351 (M + 1). A solutign _of.methy/,2-£1-azidoe = € = iInQliperdscarboxylate (1.25 g,
3.6 mmol) in Me&'lgiﬁbnrtﬁI?)L%L\ﬁfa%s'gs}ie%tgg%v@ﬁl%%ﬁg%{%z%rl% %?E&%%ﬁ l!é?on overnight. The
reaction mixture SvaEfiRérdHLPBUGN 5O SRS pad BHa LN GHTEF FEAR @f Bure to A-1478

WO-PCT- 133 - give methylsetd -aminarhy)-6eiuior3-pheayigsinbiiye-3-phcbpixylate as a yellow oil.
Mass Spectrum g

ESI) m/e =325 (M + 1). Methyl . . : {1 was purified
2-(L(6.amino-5- Y RAUB ARG A OSSR T BErt e T Be e bz N
NH2N NH A mixtureiofar@thybRutt-Gnirropthyl/ edhsors- 82 pRény It GHisteas %4¥50xylate (200 mg,

0.62 mmol), 4'a@&%%%%‘MQQM&M@&@%@@&@J@%@@E%(%N@ahﬂi@%mdsmgmg'm@@e (129)IL, 1.2
cq) in DIVIF (3 mL) was heated to 130C for 2 h,

%e r actio? ixtHrt as cooled to,b. diluted with
water and extracfet Witha R AR EIRD) e i} ’ég%% Were combined, washed with water,
brine, dried;, goncdansaititesdycalmmelreratogbaphycorsilivscgbi¢DOVNEDEd NH3, 20/1/0.1)

o g M2 e ORI A, 50 o 20
7.40-7.60 (m, 5H), 7.20-7.30 (m, 1H), 5.30-5.40 (m, 1H), 3.29 (s, 3H), 1.24 (d,}
= 8.0 Hz, 3H). Mass Spectrum (EST) m/e = 463 (M + 1).
Example 47:
i3 2~{1-(6-Flu0r0—4-(2-hydmxyethylsulﬁnyi)—S-phenyiquinoiin-z-yl)ethyl)-

isoindoline-1,3-dione

S G S

BO TBSO [

ji oiio
05N 0 N
N
N -~
/J\T/ e B — E ‘li: PPE—
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A mixture of 4-chloro-2-cthyl-6-fluoro-3-phenylquinofine (400 mg, 1.4 mmotl),
Hunig’s base (293 pL, 1.2 eq) and HSCH,CH,OH (108 pL, 1.1 ¢g) in DMF (4

20  mL) was heated to 65 °C under Ny for 2 h. LCMS showed no formation of

product. The reaction mixture was then heated to 100 °C overnight, LCMS



DMSO-d6) 68.16 (dcl, .1= 8.0, 4.0 Hz, 1H), 7.91 (s, 1H), 7.81 (td, J = 8.0, 4.0 Hz, 151H), 7.59 (dd, J =
8.0, 4.0 Hz, 11-1), 7.45-7.52 (m, 5H), 7.35 (dd, J = 8.0, 4.0 Hz, | H), 7.25 (s, br, 2H), 5.30-5.40 (m, 1H),

3.59 (s, 3H 1.38(%0%,5\%7308.0 Hz, 3H). Mass Spectrum (ESI) m/e = 443 (Mp&rlps20foxatapie 54

2-(146-Ami (qu-cyanopyrimidin-4-y|amino)ethyl)-6-f|uoro-3- phenylquinoline-4-carboxylic acid and
2-(1-(6-amino-5-carbamoylpyrimidin2 04-ylamino)ethyl)-6-fluoro-3-Phenylquinoline-4-carboxylic acid
NH2WH2NH2 0 N"LYIHNI-12 tc.>Ne-LNH WO 2010/151740PCT/US2010/039942 A-1478 WO-PCT-
134 - A suspens‘f‘ﬁﬁ%ﬁ%@i?@(l-(&amino-5-eyé 6 yrimidin-4-ylamino)ethy1)-6-

fluoro-3-phenylquinoline-4-carboxylate (150 mg, 0.34 mmol) in a mixture of McOH (3 mL), THF (3 mL
and 1 N LiOH (3&}%9@)@&,39 e @gg/ tﬁ?%‘rl%%%l lg)fo tﬁee o éé%?&?%ﬁ%ﬁg With neutralizing thé
?I\c/ll : rgﬁll/due gff/lv%.&ih’:\@ﬂ@ (Giselid] whitbatedsci$ecized e RME @noiptwifiedhyiheeérsehHPLC

eCN/1-120/- 0.1%TEA, 10-50%) to, give, 2-0<(6:aming-5-cyanopyrimidin- [ thyl)-6-
fluoro-3-phenquﬂﬁgﬁigﬁﬂi&?ﬂgxﬁéfé:%gc@argg zg'w %’?eld ow eé:%%%%ﬁ%ﬂ%p%{%%%@& 2SE?O-B(;%) 58.16 (dd,
J = 8.0, 4.0 Hz, Ly cki8ets] W) B1@A({d) ok 8 D), 4D mpine 7072l ey &8 67,0 Hz, 1H),

7.38-7.52 (m, 8H), 5:30:540.(r Hd)mt 30 (1Y A B hznd b Mass Speaim, @Sdn/e = 429 (M +
). 2-(1-(6-Amino-5- carbarnoylpyrimidin-4-ylamipo)ethyl)-6-fluoro-3-phenylguipoline-4-carboxylic acid
as a white solid. “19 IQRFR Y60 USSR HE) %%Cﬁe(ggg?‘ﬁﬁ)mgl 1(88( %%@Bé%“ho& Hz, 1H), %.08 (s
1H), 7.80-7.85 (mli2k)e 7B RSBAMSHIR) 30 s Abrhild- o 5136 5@ HH)uared<(t, J = 8.0 Hz, 3H).
Mass Spectrum gE%T mie Tl ﬁ%@%{fis@oﬁm{m 22 IBTERYIV /e = 328 (M+ 1),
1-(6-fluoro-4-(hydrox r%e{hyal-fs-g eny qumOlln-Z-y? ethylcarbamate
2-(2-cthyl-6-fluoro-3-phenylquinolin-4-ylthio Jethanol (200 mg, 0.61 mmol),
10  imidazole (45.7 mg, 1.1 eq) and TBS-CL (110 mg, 1.2 eq) in DMF (3 ml.) was
stirred at rt overnight, 50% starting material remained. The reaction mixture was
then treated with imidazole (45.7 mg, 1.1 eq) and TBS-CL (110 mg, 1.2 eq). After
2 h, the reaction was complete. The reaction mixture was diluted with water (10
mL) and EtOAc (20 mL). The layers were separated and the aq. layer was
15  extracied with EtOAc (10 mL x 2). The combined organic layers were washed
with water (10 mL x 2), brine (10 mL), dried over sodium sulfate, filtered, and
concd under reduced pressure. Purification on combiflash gave a colorless oil as
4-(2~(tert-butyldimethylsilyloxy)jethylthio)-2-ethyl-6-fluoro-3 -phenylguinoline.
Mass Spectrum (EST) m/e = 442 (M + 1), 4-(2-(tert-Butyldimethylsilyloxy)-
20 ethylthio)-2-ethyl-6-fluoro-3-phenylquinoline {262 mg, 0.59 mmol) and 1,3-
dibromo-5,5-dimethylhydantoin (119 mg, 0.7 eq) were suspended in carbon
tetrachloride (10 mL). To the mixture was added benzoyl peroxide (1 4.4 mg, 0.1
oq) and heated at reflux for 3 h. After cooling to rt, to the mixture was added satd
aq. sodium bicarbonate solution (3 mL). The layers were separated and the aq.
25 layer was extracted with DCM (3 mL x 2). The combined organic layers were
washed with water (3 mL), brine (3 mL), dried over sodium sulfate, filtered, and
concd under reduced pressure to give an orange syrup as 2-(1-bromoethyl)-4-(2-
(tert-buty}dimethylsilyloxy)ethylthi{))—6~ﬂuom—3—phenyiquinohne. Mass Spectrum
(ESD) m/e = 520, 522 (M + 1). A mixture of 2-(1-bromoethyl)-4-(2-(tert-
30 butyldimethylsityloxy)ethylthio)-6-fluoro-3-phenylquinoline (300 mg, 0.5%8
mmol) in DMF (3 ml.) was treated with phthalimide potassium salt (213 mg, 2.0

eq) at 60 °C for 2h. LCMS showed completion. The reaction mixture was



OHCO2H 20A mixture of methyl 2-(1-aminoethyl)-6-fluoro-3-phenylquinoline-4-earboxylate (1.3 g,
4,0 mmol) and Boe70 (1.3 g, 1.5 eq) in THF (20 mL) was treated with Et3N (0.84 mL, 1.5 eq). After

refluxing for 2 rz]olt{g?q{%%ptlon mixture was coned WO 2010/151740PCT{i92Q1)32942 A-1478

wo-PCT- BNl purified by silica gel column (EtOAc/hexane, 1/4) to give methyl 2-(1-(tert-
butoxycarbonylarnino)-ethyl)-6-fluoro-3-Phenylquinoline-4-carboxylate as a white solid. A mixture of
methyl 2-0 -(tert-butoxycarbon¥lamino)-ethyl)-6- flugro-3-phenylquinoline-4-carboxylate (200 mg, 0.47
mmol) in THF (Mﬁy,gﬂﬁ)égﬁ (2 mL) and 1 N LiOHsolution in water (3 mL) was heated to 60 C for 4

h before removal of solvents. The residue acidified to pH 4 with 3N, H h e Ited solid was
filtered, Washedﬁﬁﬁﬁiw&f@%ﬁﬁe&%ﬁ%dfﬁje\gﬁ%’gt|\?e?5§-(6§ Qviem bCpm%Cd iand U, 6
(tert-butoxycarbeaylamine)ethih) B:dnord Bahe Ayl qUinehnepaseerroviliceuid waa white solid. Mass

Spectrum (ESI) m/e =41 it )I'Ozr'rgjgt LBIOXNT m1 ), dried over sodium sulfate, filtered,
1Ocarbonylamingf'e8t Cgﬁéﬁ%}%}g-phenylg{]inolin(@g-cagboiwic acid Was‘sugﬁﬁrjged in THE (5 mL) at
-10 C and treatet At IR0 EHEPE S Foll SR B MHhEREeR A B RPTOE0. 71 inL, 1.5 eq). The
reaction mixjuregs stirpd BY/Hkissenperatne fopilatwiéfoferadditieli Gfice-tater (2 mL) followed by
NaBH4 (10 eq, 178 mq). The.reaction, mixture was stifr gt andyle rtitioned between EtOAC
(20 mL) and wa i g‘%{ﬁﬁg}x iﬁ%@gﬂ%}é’j %v\gﬁsu gslegp%l a%%%%&gshed wgliti%vg%r, brine, dried and
coned. The residsgndeatsnptrfiaipby. Chunplerraviztdd iy Gridhied garibNgifsyane, 1/1) to give

tert-butyl 1-(6- flugrasd{hydignenetivhsRphenxlauineliRgiatidearbatiate s agvhite solid. Mass
Spectrum (ESI) m/é =397 (M + 1

08 Amino.6. (1 (e TSR Ry HF et a0 e e g (335 me

amino)pyri%din%@Sﬁ@mﬂleﬁ%ﬂw?ﬁ The resulted suspension was stirred overnight. More
oxone (335 mg, 0.55mmol, 4.0 eq) was added and the reaction mixture was stirred
at rt overnight again. The reaction mixture was extracted with EtOAc (10 mL x
2). The combined organic layers were washed with brine (10 mL x 2), dried over
sodium sulfate, filtered, and coned under reduced pressure to give a yellow foam

15 as 2-{1-(6-fluoro-4-(2-hydroxyethylsulfinyl)-3 -phenylquinolin-2-yDethyt)-

isoindoline-1,3-dione. Mass Spectrum (EST) m/e = 489 (M + 1).
4~Amino—6-(1-(6-ﬂu0r0—4-((R)-2-—hydroxyethylsulﬁnyl)-S»phenquuinolin—2~
yDethylamine)pyrimidine-5-carbenitrile and 4-amine-6-(1-(6-fluoro-4-{(S)-2-
hydroxyethylsulﬁny‘l)-S—phenquuinolin-Zvyl)ethylamino)pyrimidine.—5-

20 carbonitrile

HO o
2-(1~(6~ﬂuoro—4—(2-hydroxyethylsuiﬁny].)—3—phenylquino1in—2—yi)ethy1)zsomdo-

line-1,3-dione was dissolved in EtOH (5 mL) and treated with hydrazine (0.5 mL)

at 60 °C for 30 min. After cooling to rt, the reaction mixture was extracted with
25  FtOAc (10 mL x 2). The combined organic layers were washed with water, brine

{10 mL x 2}, dried over sodium sulfate, filtered, and concd under reduced pressure



To a solution of teit-butyl 1-(6-fluoro-4-(hydroxymethyl)-3-phenylquinolin-2-y1)- etbylearbamate
(130 mg, 0.33 mmol) in DCM (2 mL) was added TFA (2 mL) at 25rt. The mixture was stirred at rt for 30
min before remaval of solvents. The residue was treated with benzene audiaangandes reduced
pressure afHstOIEE VD 2010/1151740PCT/US2010/039942 A-1478 WO-PCT- 136 - under high

vacuum for 2 h to give (2-(1-aminoethyl)-6-fluoro-3-phenylquinOlin-4- yl)methanol as TFA salt. A

mixture of (2-(1—arninoeth%’1§-6-fluoro-3-phenquuin lin-4-yOmethanol TFA salt (0.33 mmol, crude),
4-amino-6-ch|or6p%§?’n‘i’& Slcarbonitrile (50.7 m ,AfL'.O eq) and Hunig's base (229 uL, 4.0 eq) in

n-BuOH 5(3 inL) was heated to 120 C oyernight. The mixture was cooledto it andpyrified by reverse
phase HPLC (VIS0 160THA! 6 09y 15 GV ARnoLe P G

(6-fluoro-4-(hydraxgimethyhatptiesyfpuinotinESP etly apdn 6)pyrimidmeus odarbdARfRE TFA salt as a
white powder. 'H-NMR (40 H. AD)L& ¢ 15808 0. o, HhDrBeld (add), 8.06 (dd, J = 8.0,
4.0 Hz, 1H), 7.6?”&‘8}%’(:6'&?%? 1%8%%9%%)%%9509{;%?%08 :ffﬁg 7é43111-h;.§%(3ﬂrﬁ, 2%2%.49 (g, J = 8.0 Hz,
1H), 4.75 (d, J =eu2HBu@HY, l4e pad she moxpe 1o Dedesl i, (7278 605 P A Shectrum (ESI)

tn/e = 415 (M + 1) Exampledswer Bt by 6-fuseor (N emySultory | medi)-Gphemiquinolin-2-y0-
15ethylcarbamate Boc..,NHBoc, A solution of tert-butyl

1-(6-fluoro-4-(hytitoXFrve thyia oHBig RSN 4 anitenGiefbanate 158 g 0 8E mmol) in DCM (5
mL) at -10C was{reataa WIthsEIRM Rukiadmh-2 1yAaey faliawps il iMsCda(B088ImLT4.2 eq). The

reaction 20 MU was SIoNRAIGIS - 2SR ¢HLNaHG A3 ae, drigdand

5.0 Hz, 1H), 7.92 (s, 1H), 7.84 (14, I = 10.0, 5.0 Hz, 1H), 7.46-7.53 (m, 5HY, 7.37-

10 7.39 (m, 1H), 7.27 (s, br, 1H), 5.10-5.18 (m, 1H), 4.96 (t, J = 5.0 Hz, 1H), 3.75-
3.84 (m, 2H), 3.17-3.21 (m, 1H), 1.32 (d, T = 10.0 Hz, 3H). Mass Spectrum (ESD
mie =477 (M -+ 1). 4- Amino-6-(1-(6-fluoro-4-((S)-2-hydroxyethylsulfinyl)-3-
phenquuinolin-fl—yl)ethyiamino)pyrimidine~5-carbonitri'ie. "H-NMR (500 Hz,
DMSO-d%) § 8.97 (dd, J = 10.0, 5.0 Hz, 1H), 8.31 (dd, J = 10.0, 5.0 Hz, 1H), 8.05

15 (s 1H), 7.75 (td, J=10.0, 5.0 Hz, 1H), 7.539-7.63 {m, 1H), 7.51-7.54 (m, 3H),
7.37-7.39 (m, 1H), 5.46 (g, = 10.0 Hz, 1H), 4.96 (t, ] = 5.0 Hz, 1H), 3.97-4.01
(m, 1H), 3.86-3.89 (m, 1H), 3.65-3.70 (m, 1H),3.17-3.19 (m, 1H), 146 (d, ] =
10.0 Hz, 3H). Mass Spectrum (ESD m/e = 477 (M + 1},
Example 48:

20 2-(% —(3—Br0m0-6-fluoro~4—(methy}thio)quinolin—2~y})ethyl)isoindoline—1,3—

dione
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A solution of 4-fluoroaniline (11.11 g, 100 mmol), methyl propionylacetate (13.01
g, 100 mmol) and p-tolucnesulfonic acid (0.25 g, 0.013 eq) in cyclohexane (35



coned to give (2-(1-(tert-butoxyearbonylamino)ethyl)-6-fluoro-3-PhenylquinOlil14-yl)methyl
methane-sulfonate as a white solid. Mass Spectrum (ESI) m/e = 475 (M 1). A solution of
(2-(1-(tert-butox‘¥l% er?ﬂ]ylamino)ethyl)-6-f|uoro-3-phenyl- WO 2010/151¢40R N 8:20910/039942
A-1478 WOYBCT 137 quinolin-4-yl)methyl methanesulfonate (100 mg, 0.21 mrhol) in DMF (2 mL)
was treated with NaSMe (17.7 mg, 1.2 eq) at rt. After 2 h, the reaction mixture was partitioned
between EtOAc (10 mL%gnd water (10 mL). The organic layer was separated, washed, dried and
coned to give artol AR WA purified by 5combifiash (EtOAc/hexane, 1/4) to give tert-butyl

1-(6-fluoro-4-(methylthio- methyl)-3:phenylquinolin-2-yp Ic jte solid. A solution of
tertk_JutyI 1-(6-fluBt yﬂ%@ﬁﬁ%ﬂ%@rﬁﬂ%-ﬁ%ﬁ%@ ‘&’H%%ﬁ%%%@%&%ﬁh%ﬁ%@(m mg, 0.15 mmol) in
a mixture of acetoreightrib)|FEHE (InWedmndtveme 2l pilspivart gered WithNMG (B8kmg, 5.0 eq)

followed with 0504 (1 cran) 8t 040G INsEeaciphMbiHee was dasa stwedat Tt overnight and

partitioned between NaHCO3 solution and EtOAc (10 mL), ic | '
N2203, water, BAEDARER A SN U8 LIS A6 Gord DL ARy e

m
Ztégo(ral Ti';lg){l%f@b@[g}étquojn%ﬂﬁr%yﬁeﬂwiﬁagbhma@;mmlwhﬁ@vsdﬂ@.ﬂé@@lﬁﬁé@trﬁﬁﬁEST) m/c =

. -Amino-6-0-(6-fluoro-4-(methylsuife -3 A0QHRT 2 Wo)-
ethylgmino)pyrin%%%é’- -teglr grtl?tl}?lg ﬁl\sléngél\l%él&ﬁNpﬂﬁpgéhh%g%&&%wgmg%% R
4_—Am|no-6-(1-(G@SQKQdWGMﬁylﬁﬂﬁtﬂdylfﬁ%Wﬁ@ﬁbWéHﬁ&ﬂfi’ﬁ&’ﬁﬁ%-@ﬁﬁ%‘iﬁ%ﬁ%‘fﬁyrimidine-5-carbo
nitrile was made (o therginiad raAROErAS dhRHKeR:2 Desalionh and washed with mixed

4'am'n0'6_(1'(6'3?132?1%?'g‘%ﬁ%‘éﬁﬁ%&%&%@ﬁ'@# E&%@E%ﬁ&éroquimhn—ét(1H)—one. 'H-
10 NMR (500 Hz, CDCl3) § 9.7 (s, br, 1H), 7.91 (dd, J = 10.0, 5.0 Hz, iH), 7.39 (dd,
J=10.0, 5.0 Hz, 1H), 7.26 (1d, § = 10.0, 5.0 Hz, 1H), 6.11 (s, 1H), 2.62 (q. J =
10.0 Hz, 2H), 1.27 (t, I = 10.0 Hz, 3H). A stirred solution of 2-gthyi-6-fluoro-
quinolin-4(1H)-one (2.6 g, 13.6 mmol) in AcOH (68 mL) was treated with
pyridium tribrornide (8.7 g, 2.0 eq) atrt. After stirring overnight, the reaction

15  mixture was quenched with NayS»O4 solution. The resulted solid was washed

with water, cold EtOH and dried in the air to give a white solid as 3-bromo-2-
ethyl-6-fluoroquinotin-4(1H)-one. 'H-NMR (500 Hz, DMSO-d) & 12.23 (s, 1H),
7.75 (dd, 1 = 10.0, 5.0 Hz, 1H), 7.68 (dd, J=10.0, 5.0 Hz, 1H), 7.61 (1d, J = 10.0,
5.0 Hz, 1H), 2.90 (g, J = 10.0 Hz, 2H), 1.29 (t, J = 10.0 Hz, 3H). A suspension of
20 3-bromo-2-ethyl-6-fluoroquinolin-4(1H)-one (1.54 g, 5.7 mimol) in POCl, (5 mL)

was heated to 100 °C for 2 h. After cooling to rt, the reaction mixture was poured

into ice, the resulted semi-solid was neutralized with NaHCO5 satd solution and

extracted with EtOAc (20 mL). The organic layer was separated, washed with
NaHCO4, water, brine, dried, concd and purified by combiflash (EtOAc/hexane,

25 1/9)to give a white solid as 3-bromo-4-chloro-2-ethyl-6-flusroquinoline. 2-(1-(3-
Bromo-6-fluoro-4-(methylthio)quinolin-2-ylethyljisoindoline-1,3-dione was
made by 3 steps in the similar manner as previous described for preparation of 2-
(1 —(6—ﬂuoro—4—(1alethylthio)—3—phcnyiquino]in—2—yl)ethyl_)isoindolmem 1,3-dione.
Mass Spectrum (EST) m/e = 446 (M + 1).



ethylamino)pyrimidine-5-carbonitrile. 1H-NMR (400 Hz, CD30D) 5 8.22 (dd, J =8.0, 4.0 Hz, 1H), 8.09
(s, 1H), 8.07 (dd, J = 8.0, 4.0 Hz, 1H), 7.69 (td, J = 8.0, 4.0 Hz, 1H), 7.52-7.60(m, 3H), 7.44-7.46(m,
2H), 5.43 (q, J = 8.0 Hz, 1H), 4.87 (2H, overlapped with solvent peak),-2.90 (5,3bb4,1-45 (d, J = 8.0
Hz, 3H). M3S2 BEELEEY m (ESI) m/e = 477 (M 1). A-1478 WO-PCT- 136 - Example 57:
2-Ethy1-6-1luoro-3-(pyridin-2-yOquinoline-4-carboxylic acid and 2-ethyl-6-
fluoro-3-(pyridin-2-yOquinoline-4-carboxamide 0 0Q_A mixture of the known
1-(pyridin-2-y|)b6r:i:47§-8}1@'?ﬁ9 g, 80% purity), 5-fiGroisatin (22.0 g, 1.0 eq), KOH (22.3 g, 3.0 eq),
EtOH (100 mL) and water (100 mL) was heated to 90 C overnight. Solvents wer d to 100 mL and
extracted with ettél” @'@eﬁ’?ﬁfg%ﬂl‘éﬂﬁ)ﬁdﬁ%?ﬁ%%‘a}%{ %&%‘&@}ﬂ ll\}\/()ai e a%%%ﬁ?& in the air to
provide 2-ethy1-Bela@sind-{Badihne2-yDquinoline-4-carbox- 10 amide (presumed to have formed via

impurity). I-NMR (500 Hz, DMSO-d6) 8 8.71dd, J = 10.0, 5.0 Hz, 1H), 8.}4(dd, J = 10.0, 5.0 Hz,
1H), 8.03 (s, 1H), Z9A\(td, J = 10.0, 5.0 Hz, 7.72-7.76 (m, 2H), 7.56 (§,.))= 10.0 Hz, | H), 7.51
(dd, J =10.0, 5.0 HE{H). 7.46-7.48 (m, 1H)/2.42(q, J = 5.0 Hz, 2H), 1,12 (t\d = 5.0 Hz, 3H), Mass

Spectrum (EST) 4f7en=296 (M + 1). The fiItraté“waﬁ‘, acidified with 15conc. I trg pH 3-4. The resulted

brown solid was filt apd-driednthe air. The ll'[ ascomed-again ta give jonal material.
The filtrate was coned jan ractEcthy . Removal of

solvents gave a redaéily Aéll%teriaT used for the 1H-NMR (500 H ©6) 88,72 (dd, J =
10.0, 5.0 Hz, I H), 8.18 (dd, J = 10.0, 5.0 Hz,4H), 7.96 20(td, J = 10.0, 5.0{Hz, 1H), 7.78 (td, J = 10.0,
5.0 Hz, 1H), 7.56-7.60 (m, 2H), 2.47 (q, J = 5.0 Hz, 2H), 1.12 (t, J = 5. . Mass, Spectrum (EST
m/e = 297 )(M + A J]?W‘E%W&%bﬁ'?’-'ﬁr(q 9ﬁré'{ﬁwe—df—éﬁezhglt%10)(qumohnn8-Hﬁétﬁg%lsom&%— P ( )
2-(1-(6-amino-5-gyangpyERidiotdmdatiiaeyethyl)3c-idu0-8pipyritineiy Badintlime4-8arboxylate

eq), KoCO5 (93 mg, 3.0 eq) and tetrakis(triphenylphosphine)palladium{0) (26

mg, 0.05 ¢q) in DME (5 mL) was purged with Ny and heated to reflux. After

stirring overnight, the reaction mixture was cooled to 1t, partitioned between water
and FtOAc, and the layers were separated. The aq. layer was extracted with

10  EtOAc (10 mL x 2). The combined organic layers were washed with water (10
mL x 2), brine (10 mL), dried over sodium sulfate, filtered, and concd under
reduced pressure. The residue was purified by combiflash on sitica gel (EtOAc/-
hexane, 1/4) to give 2-( 1-(3-(3,5-diflucrophenyl)-6-fluoro-4-(methylthio)quinolin-
2-yDethyl)isoindoline-1,3-dione as a white solid. Mass Spectrum (ESHm/e =479

15 (M +1). To asolution of 2-(1 ~(3-(3,5-difluorophenyl)-6-fluoro-4-(methylthio)-
quinolin-2-yl)ethyblisoindoline-1,3-dione (42 mg, 0.088 mmol) in THF (3 mL)
and HyO (1 mL) was added oxone (108 mg, 0.18 mmol, 2.0 eq) atrt. The
resulted suspension was stirred at rt overnight. The reaction was incomplete.
Oxone (108 mg, 2.0 eq) was added and the reaction mixture was stirred at rt

20 overnight again. This procedure was repeated for twice and LCMS showed
completion. The reaction mixture was extracted with EtOAc (10 mL x 2}, The

combined organic layers were washed with water, NaHCOj3, brine (10 mL x 2},

dried over sodium sulfate, filtered, and coned under reduced pressure to give a

white solid. Mass Spectrum (EST) mv/e = 511 (M + 1}.



N CO2Me To a solution of 2-ethy1-6-fluoro-3-(pyridin-2-yOquinoline-4-carboxylic acid (15 5 g,
crude, 50.6 mmol) in 75 mL MeOH was added TMSCHN2 (2M, 46.5 mL, 1.8 eq) at O C, the reaction
mixture was %ig{r’?‘%a%%gor 2 h. Removal of solvents followed with columgrghnemalesyaphy on silica
gel (EtOAc/Wexane, gave methyl 2-ethy1-6-fluoro-3-(pyridin-2-yl)quinoline-4-carboxylate as a pink
solid. 1H-NMR (400 Hz, CDCI3) .5 8.78 (dd, J -= 8.0, 4.0 Hz, 1H), 8.16 (dd, J = 8.0, 4.0 10Hz, IH),
7.85 (td, J = 8.0, 4.0 Hz, 1H), 7.53-7.58 (m, 2H), 7.45 (dd, J = 8.0, 4.0 Hz, 1H), 7.38 (dd, J = 8.0, 4.0
Hz, 1H), 3.66 (s/3Y 22 WY = 8.0 Hz, 2H), 1.2%4%5{ 'J = 8.0 Hz, 3H). Methyl 2-0
-(6-amino-5-cyanopyrimidin-4-ylamino)eth Iﬁ-6- fluora-3- @8% = inaline-4rcagboxylate was
synthesized starfi Pﬂ?ﬁ%%é'ﬂ%%zn%é%hyﬂogé 88?3]!5;%@8)}}? |n>f/‘2-y @ﬁ%ﬁggﬁ%ﬁiﬁgte in the similar
15manner as previetsirdospydaidinrépradtonttia corresponding phenyl analog methyl 2-0
-(6-amino-5-cyanopynmidin-4-ylamino)ethyl)-6-fluoro-3-phenylquinolines4-carboxylate. 1H-NMR (500
Hz, CD30D) 8.76 (d 5.0 Hz, 1H), 8.28 (dd, J = 10.0, 5.0 Hz, 1H),8:40-8&! 1H), 8.05 (td, J = 10.0,
5.0 Hz, 1H), 7.76 (dd, 10.0, 5.0 Hz, 1H), 7.69 gdd, J=10.0, 5.0 Hz, 1), 7.57-7.60 (m, 1H),
205.65-5.75 (m, 1I—Cf), NGS ?s, 3H). 1.48 (d, J=5.0 IE-I;\, 3H). Mass Specf\r'umN(EST) me --- 444 (M + 1).
Example 58: 2-Ethy1-6-flidkg-3x{pyriein=2-yl)quin 'pe‘:rbomtrﬂ’e wo- "
2010/151740PC¥/1352010/839942 A-1478" WERC 14 :

2-ethy1-6-fluoro-3- din- SQ‘LqumohneA-c

was added pyridine (Z.1 eq, 0.115 mL) followed with trifluoroacetic anhydtide (1.2 eq, 0.115 int)
dropwise, and the re&ction mixture was warmed to rt. overnight. The resulted black reaction mixture
5was partitioned hétwreh DiGRbangixsgidsbhsiont shrbsiedfanaiaisrianicilyeyas separated,
washed witthrinL 0%

g§911%vE5%@ﬂemg%ﬁ%@nmﬁ puifiad.ky eohemaiehromatography on silica
gel (EtOAc/hexane, 2/3) to give a white solid. Mass Spectrum (E%%ink =278 (M + 1).

2-(1-(6-Amino-5-Byaitemrinidin-ASn AMiRe) s S aTs 8 34 BTSN B Sline-4-carbonitrile

extracted with EtOAc (5 mL x 2). The combined organic layers were washed

with water, brine (3 mL x 2}, dried over sodium sulfate, filtered, and concd under
reduced pressure to give a white solid. 1-(3-(3,5-difluorophenyl}-6-fluoro-4-

10 (methylsulfonyl)quinolin-2-yl)ethanamine (30 mg, 0.079 mmol), 4-amino-6-
chloropyrimidine-5-carbonitriie (12.2 mg, 1.0 eq) and Hunig’s base (165 uk, 1.2
eq) in n-BuQH (1 mL) was heated to 130 °C overnight. The mixture was cooled
to rt and purified by reverse HPLC gave a white powder as TFA salt (25 mg,
63%). "H-NMR (500 Hz, CD.OD) 8 8.66 (dd, J = 10.0, 5.0 Hz, 1H), 834(dd. J=

15 10.0, 5.0 Hz, 1H), 8.08 (s, 1H), 7.81 (1d, J= 10.0, 5.0 Hz, 1H), 7.12-7.18 (m, 2H),
7.05-7.10 (m, 1H), 5.40 {q, T = 10.0 Hz, 1H), 3.27 (5, 3H), 1.52 (d, J = 10.0 Hz,
3H). Mass Spectrum (ESI) m/e = 499 (M + 1).

Example 49;
(S)-Z—(I-(3~(3,5-Diﬂu0rophenyl)-é»ﬂuor0~4-methoxyquinolin~2-yl}ethyl)—

20  isoindoline-1,3-dione
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N CN 2-(1-(6-Amino-5-cyanopyrimidin-4-ylamino)ethyl)-6-fluoro-3-(pyridin-2-y1)-
quinoline-4-carbonitrile was synthesized starting from 2-ethy1-6-fluoro-3-
(pyridin-2-y[)7§u£611%!,i1r‘1§?-§16carb0nitrile in a similar manner as previously dgsefipes iospreparation of
methyl 2-(1}? -amln()-%-cyanopyrimidin-4-y|amin0)ethyl)-6-
fluoro-3-(pyridin-2-yOquinoline-4-carboxylate.11-1-NMR (400 Hz, DMSO-d6) 8 8.77 (d, J = 4.0 Hz,
1H), 8.31 (dd, J = 8.0, 4.0 Hz, |H), 8.05 (td, J = 8.0, 4,0 Hz, 1H), 7.98 (td, J = 8.0, 4.0 Hz, 1H), 7.87 (s,
1H). 7.83-7.88 (33, WBES 157 (m, 2H), 7.24 (3.16F 2H), 5.49-5.57 (m, 1H), 1.43 (d, J = 4.0 Hz, 3H).
Mass Spectrum 20(ESI).m/e = 411 (M + 1). Example 59: L ) o -
2-Ethy1-6-f|uor023(-%p()§r R T S ,}15_%}%émi}%@%‘@%ﬁﬁﬁ%ﬁ%ﬁ@%@%ﬁ%39942 A-1478
WO-PCT- 141 - Amiitnrevol ety iz6l fromrd-B<dototygiiotin4 i -orbgrg sadins 78 mmol), 2-
(ributy stannypyrdine (56 9 42 aikanthiciikisdriananylphosahiarinpalfauium(ay(3.54 g, 0.05
eq) in dioxane ( )0 mL was purged with N7 and ~ heated. to. reflux overni htthAI{t(‘er cooling to rt,
removal of soIve%t(foiﬁjﬂ@eﬁ%ﬁﬂwmﬂtﬁbﬂ%ﬁoéﬁwwgﬁ%@fﬁ%?%%?%% 8ilitE gel (DCM/MeOH,
1/0 to 20/1 cpntainipgH3)gave 24athEpbciluar@SHpyrdind-yhguinolii21{3)(dide as a white solid.

Mass Spectrum gFﬂs?’ m/c = 26 _@ )’ inolin-2-yhethyl)isoindoling-1,3-dione was

2-(1-(4-Chloro-6-11UY 59§ﬁ(°6}\}%i)d(i?n- s éul}ﬁ% i?ff%g;/lbngt1@Dig3ind}oﬁﬁglnl,%-l%ﬁoﬁg NCI A suspension of

2-ethy1-6-fluoro-Gs (@yridivy: 2byi sinativiar op PBYeoOD G REY B 2oy iiPSEL:3 (5 mL) was heated

to 100 C for 2 h. (@St-g[&ﬁﬁ“l?%-tﬁf(t_SJ@%—diﬂu0mphenyl)-G-fiuor0-4-meth0xyquinalin-l~yl}-
ethylamino)pyrimidine-5-carbonitrile

NH;
2 CN
Q Ny K\
O -
q N N
= l F S . = ‘
F S [
O F O OMe F = £
OMe OMle
F
F
10 F

A solution of (S)-Z—(1~(3~(3,5—diﬂuorophenyl)~6-ﬂu.oroA‘methoxyquinolin—2~y1)—
ethy!)isoindoline-1,3-dione (45 mg, 0.1 mmol) in EtOH (2 mL) was treated with

hydrazine (0.1 mL) at 70 °C for 30 min. After cooling to 1t, the reaction mixture
was partitioned between water (5 mL) and EtOA¢ (5 mL). The organic layer was
15 separated, washed with water, brine, dried and concd to give a white solid, which
was dissolve in n-BuOTH (1 mL) and treated with Hunig’s base (0.021 mL, 1.2 eq)
and 4-amino-6-chloropyrimidine-5-carbonitrile (17 mg, 1.1 eq). The reaction
mixture was heated to 120 °C overnight. After cooling to 11, the reaction mixture

was purified by reverse HPLC (MeCN/H50/0.1% TFA, 10-60%) to give a white

20  powder. 'H-NMR (400 Hz, DMS0-d®%) §8.11 (dd, J = 8.0, 4.0 Hz, 1H), 7.98 (s,
1H), 7.84 (dd, J = 8.0, 4.0 Hz, 1H),7.65-7.79 (m, 2H), 7.46 (s, br, 1H), 7.22-7.34
(m, 3H), 5.29-3.33 (m, 1H), 3.64 (s, 3H), 1.36 (t, J = 8.0 Hz, 3H). Mass Spectrum
(ESDH m/e =451 (M + 1).



reaction mixture was poured into a mixture of ice and water and slowly warmed to rt. Solid NaHCO3
was added until the solution reached pH 8. The resulted solid 15was extracted with EtOAc, washed
with Watgr, br{i)neﬁggiz_gqmg:oned and purified t_)y_column chror'natography‘WH@@@M@%C/hexane,
1/1) to glve\X-c 012! cthy1-6-fluoro-3-(pyridin-2-yOquinoline as a solid. 2-0-(4-Chloro-6-fluoro-3-
(pyridin-2-yl)quinolin-2-ypethypisoindoline-1,3-dione was obtained in the similar manner as described
previously for the preparation of 2-(1-(3-(3,5-difluorg-.2 Oph

eny0-6-ﬂuoro-4-ﬁﬂ]éf @I%%)%G%olin-2-ypethyl)iso"|n%8ll'ne- | ,3-dione. Mass Spectrum (ESI) m/e = 432
(M +1). A-1478 WO-PCT- 142 - tert-Butyl
1-(4-ehloro-6-BUSHB™RIpGdin-2-yOquinolin-2-yBethylearbamate ONH2HN"Boc NN CI N a A
8thypisoindoline-1,3-dione (240 mg,
t 50 C for 5 min. After cooling to it,
(10 nth). The organic layer was

the reaction mixture was par
separated, washed with wate
-(4-chIoro-6-f|uor03-(pyridﬁ)1 =] his was dissolved in THF
16/10myg, 1.2 eq). The solution

was refluxed for 2 h. After cooling ) 1 : ith Colurfin chromatography on

1-(4-chloro-6-fluoro-3-(pyridin-2-yl)duinolin-2-ypethylcarbamate as a white solid. Mass Spectrum (ES1)

m/e =402 (M + 1). tert-Buty| 1-(4-(dimethylamino)-6-fluoro- idinz2-yhguinglin:2-310- 1
5ethy|earbamate’%ﬂﬂlg%nﬂ?s%ﬁﬁ ﬁ%’féﬁ‘%‘fgfgr}é%ﬁ‘t%% oéﬁfgirlg%gﬂ)goggé g—%ﬁ?/ﬂ’ﬁ#ﬁ%i—?féquinolin-2-y1)-

{
3
ethylcarbamate (53-thgno( 18 mubf)2ih tvedh ¢atsincfvims tredesaitasidesieshior 2-(1
5 (3-bromo-6-fluoro -4-(methylthio)quinolin-2-ybethybisoindoline-1,3-dione, and
pyridin-3-ylboronic acid (5.73 mg, 0.047 mmol), K,CO; {9.66 mg, 0.070 mmol)

in DME (2 mL) was purged with N; followed by the addition of Pd(PhsP)s (2.69

mg, 2.330 pmol). The resulting mixture was heated to 160 °C overnight. The
reaction mixture was allowed to cool to rt. The product isolated as previously
16 described for similar analogs. 2-(1-(6-fluoro-4-methoxy-3-(pyridin-3-yl)quinelin-
2-yl)ethylisoindoline-1,3~dione.
4~Amin0-6~(((IR}-1-(6~ﬂu0m—-4—meth0xy-3-(3-pyridinyl)~2-quinoliny})ethyi}-
amino)-5-pyrimidinecarbonitrile
NH.

(P ON
|

N™ NH

15 A-solution of (R)-2-(1-(6-fluoro-4-methoxy-3-(pyridin-3-yl)quinolin-2-yljethyl)-
isoindoline-1,3-dione (19.7 mg, 0.046 mmol) and hydrazine (1.447 pL, 0.046
mmol) in EtOH (1 mL) was heated to 60 °C for 30 min. The solvent was
removed and EtOAc was added and washed with water, brine and dried over
sodium sulfate to abtain (R)-1-(6-fluoro-4-methoxy-3-(pyridin-3-yi)quinolin-2-

20  ylethanamine as clear oil. To solution of (R}-1-{6-fluoro-4-methoxy-3-(pyridin-
3-yl)quinolin-2-ytethanamine (13.9 mg, 0.047 mmol) in BuOH {1,000 mL) was



THF (2.0 M, 2 mL) in a sealed tube at 80 C for 5 hours and further at 50 C 20overnight. Removal of
the solvents gave tert-butyl 1-(4-(dimethylamino)-6- fluoro-3-(pyridin-2-yOquinolin-2-ypethylcarbamate
as a yellow film Wig}ich7%as used directly for the next step. Mass Spectrugl-¢Gh i/essedll CM + 1).
A-1478 WOYBCT 1351 4-Amino-6-(1-(4-(dimethylamino)-6-fluoro-3-(pyridin-2-yl)quinolin-2-y1)-
ethylamino)pyrimidine-5-carbonitrlle NH2 NCN H FiINJNMe2 A solution of tert-butyl
1-(4-(dimethylamino)-6-fluoro-3-(pyridin-2-yl)quinOljn-2- yllethylcarbamate (45 mg, 0.11 mmol) in DCM
(2 mL) was treat%dWi%W@EmL) atrtfor2h. S R?e'nts were removed under reduced pressure and

98y Bfluoresthsgimethy1-

the residue was stored under vasﬁum for 1.h.to ?ive gélﬁa\rg{?

3-(pyridin-2-yl) e Hnt AR GLOFRRT I s WS e ated with 4-amino-6-

chloroppimidine Bieartonitiile, (L74mgniol. G arduiimgigisbase e Bagie, P9 toel)in n-BuOH (2
mL) at 120C overnight. After,cooling.to It the.teaction mixiue was dibkuted with L nkMF and
subjected to reverse phase HPLC (MeCN/water, 15-60%. 0.1% TFA t% 9{'\_/&_ fuoro-d-
4-amino-6-(1-(4 %%Wdﬁﬁﬁ%;l%ﬁmm()m&)/ DCM to obtain (R)-4-amino-6- uoro

fluoro-3-(py#din-2zylewimlipy 2 eshylamino) Pyt sitinerSheariyoniidiecas-eaftBmitsdtasiH-NMR (400
Hz, CD30D) 68.?_57 (nd’ \} = 8. qH0 ,.1-1-1), 8.06-8.20 (m, 153H), 8.02 (s, 1H), 7.78-7.85 (m, 21-1),
7.63-7.67 (m,1H HIEEERC ) 2.98 (s, 6H), 1.62 (d, J = 8.0 Hz, 3H). Mass Spectrum (ESI) m/e
=429 (M + 1). EXampjdect: 4-Amino-6-(((LR)-1-(6-fiuoro-4-methoxy-3-(3-pyridinyl)-2-
4-amino-6-(146-%ldmmﬁ4-,m UpRa3-6yidinidnylquinalia-deyflethylamino)pyrimidine-5-carbonimile
WO 2010/15174 PCT/U}SZOIO 039942 A-1478 WO-PCT- 144 - 4-Aming;g-(1

-(6-fluoro-4-morpha 3-(pyridin-2-yOquinolin-2 %Wylamino)- pyrimidinesp-carbonitrilc was
synthesized in a simitat manner as the procedur& fgf the preparation E§;4+ mino-6-(
1quinolin2ypethytafmindiayrimidine-5carbonitrile: MR (400 Hz, CD3® )8

H e :
S S
Br & F i = P F
/O N/ /O

10 A solution of (S)-2-(1-(3 -bromo-6-fluoro-4-methoxyquinolin-2-yiethyi)iso-

indoline-1,3-dione (100 mg, 0.233 mmol), pyridin-3-ylboronic acid (57.3 mg,
0.466 mmol) and potassium carbonate (97 mg, 0.699 mmol) in DME (2 mL) was
purged with N followed by the addition of Pd(PPhs) (26.9 mg, 0.023 mmol} and
the resulting mixture was heated to 100 °C overnight. The solvent was removed

15  and FtOAc was added and washed with water, brine and dried over sodium
sulfate. The crude residue was subjected to combifiash purification using 1:1
Et0Ac/hexane to obtain (S)-2-(1«(6-fluoro-4-methoxy-3-(pyridin-3-ylquinolm-2-
yl)ethyhisoindoline-1,3-dione as a clear oil. A solution of (§)-2-(1-(6-fluoro-4-
methoxy-3-(pyridin-3-ylquinolin-2-yijethyhisoindoline-1,3-dione (23.7 mg,

20 0.055 mmol) and hydrazine (1.740 uL, 0.055 mmol) in EtOH (1 mL} was heated
to 60 °C for 30 min. The solvent was removed and EtOAc was added and washed
with water, brine and dried over sodium sultfate to obtain (8)-1-(6-fluoro-4-
methoxy-3-(pyridin-3-yi)quinolin-2-yl)ethanamine. To a solution of (8)-1-(6-
fluoro-4-methoxy-3-(pyridin-3-yhquinolin-2-yljethanamine in BuOH (1.0 mL)

25 was added 4-amino-6-chloropyrimidine-5-carbonitrile (8.57 mg, 0.055 mmol) and
DIEA (9.68 ul, 0.055 mmol). The resulting mixture was heated to 160 °C for 1

h. The crude solution was atlowed to cool to rt.and ppt was observed. The solid



58.88 (d, J = 4.0 Hz, 1H), 7.67-8.24 (m, 7H), 5.30-5.40 (m, 1H), 4.95-5.05 (m, | H), 3.70-3.72 (m, 4H),
2.92-3.20 (m, 4H), 1.56 (d, J = 4.0 Hz, 3H). Mass Spectrum (ESI) m/e = 471 (M 1). Example 61:
4-Amino-6- 1-(55-{%[711%Eg54-(3-hydroxyazetidin-1-y1)-3-(pyridin-2-y1)quinolift-@msmlmggggu

10yl)ethyla i%o%pyrlmié}ine-S-carbonitriIe NH2 CN N NH 2 steps 4-amino-6-(1
-(6-fluoro-4-(3-hydroxyazetidin-l-y1)-3-(pyridin-2-y1)quinolin-2-y1)- ethylamino)pyrimidine-5-carbonitrile
was synthesized in a similar manner as the procec{urle for preparation of
4-amino-6-(1-(4XdAERYifinb)-6-fluoro-3-(pyr- 1"+

i, 1), 7.08-8108 (B 7 T T IR S G B e I S SEL 40 (. 110, 4.46-449 (v
1H), 3.72-3.79 (puritid)ti3n2 318 REIR(4 2612 @0 I &pti0 HEl SHL NIas$ SpErdPOESI) m/e = 457
(M+1). WO 20101151, 740RCT/USPUHI399E A-ldy S WA RGr #4839, 2.93 Hz) 7.96

(1H,s)8.17 (2 H, dd, /=9.19, 5.09 Hz) 8.69 (2 H, dd, J=4.89, 1.57 Hz). Mass

5  Spectrum (ESIym/e = 415 (M + 1),

Example 52: 4-Amino-6-(((1S)-1-(6-fluoro-4-methoxy-3-(3-pyridinyl)-2-

guinolinyl)etbylamino)-5-pyrimidinecarbonitrile

'HANMR (500 Hz, CDs0OD)  ppm 1.41 3 H, d) 3.65 (3 H, 5) 5.41 (2 H. m) 7.66

(2 H, m) 7.83 (1 H, dd, /=9.41, 2.32 Hz) 7.96 (1 H, 5) 817 (2H, dd, /=9.29,5.14

10 Hz) 869 (2 H, d, /~4.89 Hz). Mass Spectrum (ESI) m/e = 415 (M ~+ 1).
Example 53:

Methyl 2-(1 -aminoethyl)-6-fluoro-3-phenylquinokine-4-carboxylate

O
©/\ﬂ/\ . F\C\F&O KOH
# © Z N EtOH

SOCl, | MeOH

N
1K
Br 0.7 eq

benzoy! peroxide
(0.1 eq), CCly reflux

N F
CGzMe

A mixture of 5-fluoroisatin (5.00 g, 30.3 mmol), I-phenylbutan-2-one (4.94 g, 1.1
15 eq)and KOH (5.1 g, 3.0 eq) in EtOH (100 ml.) was heated to reflux for 3 h. After



Example _62: _(S)-2-(1-(6-Amino-5-eyanopyrimidin-4-ylamino)ethyl)-6-f|uoro-N-methyl-3-
phenylquinoline-4-earboxamide 0 OANH CO2H (S)-te -butyl

1-(methoxy metg%l a__}gr_}j&r&o)-1-oxopropan-2-yicarbamate (1.16 g, 5 mmol)piprhk{d@:89k) was cooled to
-15 C and s o‘\)/v?y charged with isopropyl-magnesium chloride (2.0 M, 2.37 mL, 0.95 cq). After a clear
so_lu_tlon was obtained, benzylmagnesium chloride (1.0M, 4.99 mL, 1.0 eq) was added dropwise 10with
stirring at rt for 4 h. The reaction mixture was quengched with NFLCI solution and extracted with EtOAc
0.0 nth x2). The%drﬁﬁr%@grﬁgnic layers were washed with water, brine, dried over sodium sulfate,

coned and purified by combifiash (EtOAc/hexane, up tq 1/3) tq gj: colo | -tert-butyl
3-oxo4-phenylb&%@ﬁcﬁrdﬁrﬁ%&?% ggédgrﬁe“é%?’ucr(rgnfgéﬁg}%ge%\{gé%%%’ ér %%%gtigéé&aﬁ%gglut?o)r/] of
(S)-tert-butyl 3-oxbedphenytbuternsReyicarbHn altq 2406 tgd 9atishivet RS- Raskintdline-2,3-dione

(15419, 93 mmx%'e?tei:?.a'xzﬁzg L300 MblinasAdder QB Hed, 280531aaks Thg eagedting mixture was
heated to 90 C overnight, but racemization was aobserved via chiral HPLC v¥i ClO 3q min method.
Water was added@ E@P@M&%%i‘ﬁiﬁ\/@&?ﬁ@&ﬁ& ?‘a@*’esrgv%{i3 fidshe \/thhgl os‘é@&lx), acidified with
1M HCI andithe saligefiltaretithe:agd layanist exttactachvitioERAR evestiédiwith water, brine and

cied over sodium sfate, Bl Follavere ATNIRLDAIOW A sove s rowmof. The

-(tert-butoxyc.arbé’ f/’l‘g ino e?hy uoro-3- phenylquinoline-4-carboxylic acid. 5 g.of 2-( |
-(tert-butoxycarboaylamino)ethylsa-fitrstedpheiP 6 irlime- 122 bR M AR PiwaE Burified by chiral
HPLC WO 20111/15372408 GTH>401 QR84 1A (8IWR faltale. TdBnoval of solvents

followed with purification on column chromatography on silica gel (hexane/-
10 EtOAc, 1/9) gave methy! 2-ethyl-6-fluoro-3-phenylquinoline-4-carboxylate as an
off-white solid. "H-NMR (400 Hz, CDCl3) § 8.14 (dd, J = 8.0, 4.0 Hz, 1H), 7.40-
7.54 (m, SH), 7.26-7.35 (m, 2H), 3.62 (s, 3H), 2.85 (g, ] = 8.0 Hz, 2H), 123 (4, 1=
8.0 Hz, 3H). Mass Spectrum (EST) m/e = 310 (M + 1). Methyl 2-ethyl-6-fluoro-3-
phenylquinoline-4-carboxylate (1.00 g, 3.2 mmol) and 1,3-dibromo-3,5-dimethyl-
15  hydantoin (647 mg, 0.7 eq) were suspended in carbon tetrachioride (30 mL) and
treated with benzoyl peroxide (78 mg, 0.1 eq) and the mixture was heated at
reflux for 3 h. The reaction mixture was cooled to rt and treated with satd aq.
sodium bicarbonate solution {10 mL). The layers were separated and the ag. layer
was extracted with DCM (3 mL x 2). The combined organic layers were washed
20  with brine (30 mL), dried over sodium sulfate, filtered, and coned under reduced
pressure to give methy! Zm(l-bromoethyl)—6~ﬂuoro—3-phenquuinoE.ine-4-carboxy£-
ate as a yellow solid (crude, 1.4 g). To a solution of methyl 2-(1-bromoethyl)-6-
fluoro-3-phenylquinoline-4-carboxylate (1.17 g, 3.00 mmol) in DMF (6 mL) was
added NaNy (0.293 g, 1.5 eq) at rt. After 2 h, LCMS showed completion. The
55 reaction mixture was diluted with water and extracted with EtOAc (10 mL x 2).
The organic layers were combined, washed with water, brine, dried, coned to give
methy! 2-—(1-azidoethyi}-é-ﬂuoro—3—phenquuinoiine-tl-—carboxylai;e as a tan oil.
Mass Spectrum (ESTym/e =351 (M +1). A sotution of methyl 2-(1-azidoethyt)-
6-fluoro-3-phenylquinoline-4-carboxylate (1.25 g, 3.6 mmol) in MeOH (10 mL)
30 was freated with 10% Pd-C (100 mg) under Ho balloon overnight. The reaction

mixture was filtered through a Celite™ pad and coned under reduced pressure to



(isopropanol/ hexane gradient, AD column) to provide
(S)-2-(1-(tert-butoxycarbonylamino)ethyl)-6-fluoro-3-phenylquinoline-4-carboxylie acid. Mass Spectrum
(ESI) rnle = 41210%4 ;ﬂlﬁ. Toa solution of . o PCT/US2010/039942 .
2-(1-(tert-b3¥gxycar onylamino)ethyl)-6-fluoro-3-plienylquinoline-4-carboxylic acid (4 g, 9.75 mmol) in
5 DMF was added MATH (5.56 g, 14.62 mmol), DIEA (3.40 mL, 19.49 mmol) and methanamine (9.75
mL, 19.49 mmol). The resulting mixture was stirred at rt overnight. EtOAc was added. The organic
layer was washett it Wé)t‘eprggrine and dried over Qagdium sulfate. The solution was filtered and coned
in vacua to give a yellow solid. The crude y glglw sqlid was absorbed onto a pl f silica gel 10 and
purified by chrorﬁﬁ&%‘ﬂf*ﬁéﬂjﬁﬁﬁﬂﬁ%@éﬁ f‘érﬁgd E’%?[ 5" %’o EtOAC i Pg%gdr?é to provide
tert-butyl 1-(6-flugteé-Gimettyicisbamoy(ESEpményla2irdfin2lypethylearbamate as light-yellow solid.
Mass Spectrum (it #2410 5l Stetabidrimiqint yiaminojetyD-6-fluoro-3-pheny-
1-(6-fluoro-4-(methylcarbamoy1)-3-phenylquinolin-2-Aethylcarbamate (20.41 g, 48.2 mmol) was added
AN HCI/l ,4-dioxamdigotinerit-@aPPs Yifol). The resulting mixture was stirred at ft for 1 h. Solvent was
removed and the resulting 2-(1-aminoethyl)-6-fluoro-N-methyiiB-Phenylquinoline-4-carboxamide was
used without further purification. Mass Spectrum (ESI) m/eN— @M + 1). To a solution of
2-(1-aminoethyl)-6-flwplr20-N-methy1-3-pheny1quinoline-4- cgrb amide in BUuOH (100 mL) was added
4-amino-6-chloropyrimidipe-5-carbo- 2 Onitrile (7.45 g, 48.2 ri¥noljeind DIEA (25.2 mL" 145 mmol).
The resulting mixtufe fAS 2

was filtered, washed.yith : o afford
2-(1-(6-amino-5-gyanppyipigin-4-ylamino)ethyl)-6-fluoro-N- Phenylquiholine-4-carboxamide
as an off white powder and purified on a chiral column (isopropag®l/ hé¥ae 25gradient, AD column) to
obtain (S)-2-%1-(6-amino-5-cyanopyrimidin,—4-

ylamino)ethyl)-6-ﬁGBP§}P§F‘-Hféﬂ‘?)t}?ﬁ-%Héﬁ%’cﬁ]ﬁﬁ%mé{iﬁ]-%(gfﬁgfahﬁwﬁleq itﬁlmﬁﬂﬁc(diB%xﬂafeCDSOD) 6 ppm
1.34 (d, 3 H) 2.632(%) 341D 55yl 26a5@nbis-dhlejop BRmizisd- froadejrils 1957721 (e H) 7.93 (s, 1

o e Dttt gk b iRos Seepif PSSR ARG By A AFINO-PCT- 147
Example 63: 2-(1-? - mlﬁo- -Cyanopyrimidin-4-ylamino ethﬁl)-N-(cycloprOﬂ{Ig1etfwl)-6-
fluoro-3-phenylqUibplivis e BB BRANEE STes 40561 iy dvith water and extracied witth
2-(1-(tert-bytpxygarhepyl@min e th)-6rfuaeq-3-phesid comimiaidewdtarboxylicaacidbim®MF (1 mL)

was added cyclopropylmethylamm .7 mg, 0.437 mmol), DI 9083 s Q4R 1.A1nol) and HATO
(139 mg, 0.366 ?%) ?Q?ﬁ%grtgé% Ehbg%%tﬁ?gl %%gﬁgﬁﬁg%%%aﬁ%g\%é%g??%c \_/vaseadded and the
mixture washed With \28te). briezimdngtiod Dy Gogiiner SurarerromHa sbRIeRinEEEMoved in

vacua. The crudesrasidye was, suRissien 10 cemekilash puriiicalion uSHOOE00M EtDActhexanes to
obtain tert-butyl 1-(4-(cycéo ropylmethylcarbamo 11-6-f|uoro-3-phenquLéigo}ig-gfylg%tplylcarbamate.
Mass Spectrum (BSiynik )= @@@Mﬂjﬁgﬁodaos%%ﬂtéﬂ’gf%r@b@t relad, J=8.0,4.0Hz,
1-(4-(cycloprepyImgthyloarhameydly, 6-tlugror Brphenyisinalis2yy pethyddarbatate {38:4 mg, 15 0.212

) N L) 3 e 8 ol 2 SN AP I s stred at o
Mass Spectrum (EST) m/e = 443 (M + 1}.
Example 34: 2-(1-(6-Amino-5-cyanopyrimidin-4-ylaminojethyl)-6-fluoro-3-
phenylguinoline-4-carboxylic acid and 2-{1-(6-amino-5-carbamoylpyrimidin-
20 4-ylamino)ethyl)-é-ﬂuor0—3-phenquuinoline-@carboxyiic acid
NH; NH NH, O

N,),\I\CN N /,J\/ECN NMNHZ
K“N K‘ k\N)\NH

i |
NH N NH
S S 1
o
N LT O
COyMe COzH COM

-



2-0 amide was was used without further purification. Mass Spectrum (ESI) nate = 364 (M + 1). To a
solution of 2-(1-aminoethyl)-N-(cyclopropylmethyl)-6-fluoro-3- 20 phenylquinoline-4-carboxamide in
BuOH (1 mL. Wasﬂggld] gl 4-amino-6- chloropyrimidine-5-carbonitrile (37.¢/g;sQa24ksevumol) and DIEA
(0.085 inL, ﬂ%‘?mr‘nol the resulting mixture was stirred at 100 C for Ih. The crude reaction mixture
was purified using preparatory HPLC to obtain 2-(1-(6-amino-5-
cyanopyrimidin-4-ylaminotethyl)-N-(cyclopropylmethy]l)-6-fluoro-3-phenyl- 2 5quinolinc-4-carboxami de.

11-1-NMR (400 ¥z1€BIB)6 ppm 0.05 (d, 2 H) 6.37'(dd, "T=8.51, 1.47 Hz, 2 H) 0.58 -0.74 (in, 1 H)
1.45 (d, J=6.85 Hz, 3 H) 2.96 - 3.10 (m. 2 H) 5.61 (q,./-6.39 Hz, 1 H) 7.42.- 1. 6 H) 7.63 - 7.78
(m, 1 H) A-14786‘W@95E§}?91%§9§1W(§?(Q,2' 6%??2%%“}&%&1 .Igg ﬁzﬁ%%%é%&n (m, 1 F1)
Mass Spectrum {lRSt)-tafden A8 {Mint)Eoahopidaga (150 mg, 0.34 mmol ) in a mixture of

2-(1-(6-Amino-5, InidinsA-Maminglethydr6ctyesas isaprapyt-8: 60 °C for 3 h.
5phenquuino|ineﬁiéélgjae%ﬁ%@rﬁdiigém%z C5I1\| LNINH O F%T ,T(j) solution of *

2-(1-(tert-butoxyBamOMY 2k HA SISTRY-BURIBTE S BHSHTI RS '%Pﬁgg?bdgfﬁ%vggig?ﬁ%MF (1 mL) was
added isoprepylasnine «2&i8wag 482 mmDIYID oA (0rIBS LB O MAHANAATY- (139 mg,
0.336 mmol). The 10resulting mixture was stirred at rt overnight, EtQAc was adgetg Lﬁ_g?e mixture

ved in Vacuo. The crude

washed with water. bRhé-afcPakadoatiss Sddidhmatiire CHHPRGITRA wAS Y
residue was subjegied g kamiiflashneuritioatariising 8s 400%e BOAcHEXANGR (g Bbtn teit-butyl

(6 uoro-4 (sapioR¥/SRBAMRE 3 PRIV RO ADE (Y S bR MAss. SRpesum (EST) mic
1H), 7.72 (dd, J = 8.0, 4.0 Hz, 1H), 7.38-7.52 (m, &H), 5.30-5.40 (m, 1H), 1.30 (1,
10 J=8.0Hz, 3H). Mass Spectrum (ESI m/e = 429 (M + 1). 2-(1-(6-Amino-3-
carbamoylpyrimidin—él—ylamino)ethyl)-6~ﬂu0r0-3—phenyiquino}ine—4-—carboxylic
acid as & white solid. "H-NMR (400 Hz, DMSO-d®) & 9.0 (s, br, 1H), 8.16 (dd, J =
8.0, 4.0 Hz, 1H), .08 (s, 1H), 7.80-7.85 (m, 2H), 7.40-7.53 (m, SH), 7.30 (s, br,
1H), 5.30-5.40 (m, 1H), 1.27 (t, J = 8.0 Hz, 3H). Mass Spectrum (EST) m/e = 447

15 (M+1D.
Example 55:
tert-Butyl 1-(6-fluoro-4-(hydroxymethyl)-3-phenylquinolin-2-ylethyl-
carbamate
NH, BOG\NH
N
{ ~
LT
P COZMe
Boc. NH
N

20 A mixture of methyl 2-(1-aminoethyl)-6-fluoro-3-phenylquinoline-4-carboxylate
(1.3 g, 4.0 mmol) and BocyO (1.3 g, 1.5 eq) in THF (20 mL} was treated with

Et3N (0.84 mL, 1.5 eq). After refluxing for 2 h, the reaction mixture was concd



15To a pure of tert-butyl 1-(6-fluoro-4-(isopropylcarbamoy1)-3-PhenylquinOlin-2- ypethylearbamate (95
mg, 0.210 mmol) was added 4N HC1/1,4-dioxane (0.5 mL, 2.000 mmol) and the resulting mixture was

stirred at it &;r 1 Q /%J]e; 4§olvent was removed in vacuo and the crude  per/usasio/ezo042
2-(1-aminoetﬁﬁ9-'8- uoro-N-isopropyl-3-phenylquinoline-4-carboxamide used without further
purification. Mass Spectrum (ES1) 20= 352 (M + 1). To a solution of
2-(1-aminoethyl)-6-fluoro-N-isopropyl-3- phenquuir?? iIne-4-carboxamide in BuOH (1 mL) was added
4-amino-6- chlor%ﬂﬂﬁiﬁ'u%’ﬁ‘ézg- arbonitrile (37.7 mg@; 0.244 mmol) and D1EA (0.085 mL, 0.487 mmol)

and the resulting mixture was stirred at 100 C night. Ubon,cooling, a.50lid pregipitated and was
filtered. The fiItrﬁ@%‘é&%ﬁéﬂfé&%ﬁﬁﬁfgj%%ﬁﬁgt \%5%%%%%33[{)&%’ ¢ ungf)ng' SfVi?MgOH/DCM to obtain
2-(1-(6-amino-5bayayopyomitinideyaimibe) dihgp-6-MhersLirdproPyrBepHéR g dinoline-4-
carboxamide as white soHd.sH:NMR (#0Q:z COIARERRIR LB, Rk 50)3H) 1461478 WO-PCT- 149
-0.95 (d, 1=6.65 Hz, 3 H) 1.34 (d"/=6.65 Hz, 3 H) 3,93 %léiré,d%:as HZ,TJS\{F)?S%E)(q, J=6.52 Hz, 1 H)
7.34 - 7.58 (m, @H‘}W?@@h-quﬂﬁ"(‘i?ﬁ@ﬁf‘??é@(‘éfl‘iq—()z% - 824 1 'H). Mass Spéctrum (ES!) mite =
470 (M + 1)sExamieies -B(Sinr (1IN G Smindhieyanopyrifidin Ayt eerifl)-N ety h6-fluoro-3-
phenylquinoline-A-carboxamide. NHZ (N-NH & S&PSas acidified to pH 4 with 3N HCI. The

resulted solid was filtered, washed with water and dried in the air fo give 2-(1-

(tert»butoxycarbonyiamino)e’thyl.)—6~ﬂuor0—3—phenykquinolinc-éiwcarboxyiic acid

as a white solid. Mass Spectrum (ESI) m/e = 411 (M + 1), 2-(1-(tert-Butoxy-

10 carbonylamino)ethyl)—6-ﬂuoro—3-phenquu.inoli'neué%mcarboxylic acid was
suspended in THF (5 mL) at -10 °C and treated with EtyN (0.1 mL, 1.5 eq)

followed with ClCOQPri (1M in tol, 0.71 mL, 1.5 eq). The reaction mixture was

stirred at this temperature for 1.5 h before addition of ice-water (2 mL) followed

by NaBH, (10 eq, 178 mg). The reaction mixture was stirred overnight and

15 partitioned between EtOAc (10 mL) and water (5 mL). The organic layer was
separated, washed with water, brine, dried and concd. The residue was purified by
column chromatography on silica gel (EtOAc/hexane, 1/1) to give fert-butyl 1-(6-
fluoro-4-(hydroxymethyl)-3-phenylquinolin-2-yljcthylcarbamate as a white solid.
Mass Spectrum (ESI) m/e = 397 (M + 1).

20  4-Amino-6-(1-(6-flaore-4-(hydroxymethyl)-3-phenylq uinolin-2-yhethyl-
amino)pyrimidine-5-carbonitrile

NH,

BOC~\n NH; QN N
N
O

7
OH

: N
O 1
SRS & Oe

OH
To a solution of tert-butyl 1-( 6-fluoro-4-(hydroxymethyl)-3-phenylquinotin-2-yl)-
cthylcarbamate (130 mg, 0.33 mmol) in DCM (2 mL) was added TFA (2 mL) at

25 1t. The mixture was stirred at 1t for 30 min before removal of sofvents. The

OH

residue was treated with benzene and concd under reduced pressure and stored



COZ2H Nr- To a solution of (S)-2-(1-(tert-butoxycarbonylamino)ethyl)-6-fluoro-3-phenyl-
quinoline-4-carboxylic acid (125 mg, 0.305 mmol) in DMF (1 nalL) was added 10 ethylamine (0.304

mL, 0.609 %@39}’0%;5'60 (0.106 nit, 0.609 mmol) and HATU (174 mg, 0.4 % axnaboIeeresulting
mixture was stirred a r%for 2 h. The solvent was removed in vacua and diluted with EtOAc. The

organic layer was washed with water, brine and dried over sodium sulfate. The solvent was removed,
and the crude residue was purified via combiflash ; ing 30% 15Et0Ac/hexane to obtain (S)-tert-butyl
144-(ethylcarbal%‘c})ﬂf)&éyf%&%?&phenyl- quinolin- -ybethylearbamate. Mass Spectrum (ESI) m/e =

438 (M + 1). To a pure residue of (S)-tert-butyl 1-(4-(ethylcarbasr -G- = yiLquinolin-2-
ypethylcarbamaf@?i%%%& ,awl?lﬁﬁ)rzntgf)o\ﬁgg :S%I“é}eﬁ(rﬂﬁxﬁggﬁl,4-3%)%%%1{(%{ %@%%%%%nmol). The
resulting mixtureyivaststitrédsaf Fesforlth AThiéxsokvehf3nds 2onepised oEsdP Y the crude

(S)'z'(l'ami”Oe‘zgxl)aﬁﬁ?&%)fﬁiﬁa%%%@ﬁﬁ%ﬂygeQyiﬂ%@?cflugaxb@mmiﬁe-uaadwthm-further
purification. Mass Spectrum (ESI) m/e = 338 (M + 1). T @ sboluti n

of .

(S)-2-(1-aminoetR§ - REBPRATE Ao s: bl ArnONHE-4 Esr i“(%t*ﬁirdé"lonemn(—llan%??was added
#-hamino-lfs_-ojﬂor_qg mym@agﬁa&@muaniem@fmmgmmmmmymlmwgﬁgﬁfszs 2;3 mmol).

e resulting mixture was heat - t; FH@ SOIEE N aved; fude residue was
subjected to preﬁgrraef“oerrf/cﬁ?és %%%&%é%ﬁ%{ngg 1!\/%53%9)@!\%%%% st
52 TS e T OSRGOS V145

-PCT- - ethyl)-N-ethyl-6-fluoro-3-phenylquinglines4: gmide t :
Hz, CD30D) 6 pfii 078t ,At)?aiﬁﬁéfs“iﬁ)}t%}?g%%% &i@gﬁ@ﬁ@ﬁ?@ z\fsrlg,gq, 2‘3.165 Hz), 7.45 (5
H, in), 7.64(1 H, td3 1=8(8072198, M2} %9511 HN6s)® 18EA H4dl7=0tB07 52687y, 8U6(1 H, t, 1=6.16
Hz). Mass pSpegiym (ﬁan%rgf—féﬁ?fﬁ,@ﬂl))f Ly Afternatoasneislprocedym F fon,the preparation of

fi -3-

2-(1-(6-amino-5-cyano idin-4-ylamino)ethy1)-6-fluoro henylguinaline-4-carboxamide5 NH2 N
NIE]H( o kY Ho 1HD, £70 (d. T2 ) Sgres% PhenyigHnalinekcs

Spectrum (EST) m/e = 415 (M + 1).

Exampie 56:

tert-Butyl 1-(6-fluoro-4-(methylsulfonylmethyl)-3-phenylquinolin-2-yi)-
15  ethylearbamate

N
™
| —
= F
Olls
Boc. Boc.

NH NH

N N
O — G
U OoCr
SMe SO,Me

A solution of tert-butyl 1-(6-fluoro-4-(hydroxymethyl)-3-phenylquinolin-2-yb-
ethyicarbamate (220 mg, 0.56 mmol) in DCM (5 mL) at -10 °C was treated with
Et3N (0.11 mL, 1.4 eq) followed with MsC! (0.053 mL, 1.2 eq). The reaction

20  mixture was slowly warmed to 1t. and washed with NaHCQs, brine, dried and
concd to give (2-(1 —(tert—butoxycarbonylamino)e’thyi)»«6—ﬂuom-3«phenquuinolin—
4-yymethyl methane-sulfonate as a white solid. Mass Spectrum (ESI) m/e = 475
(M +1). A solution of (2-(1-(‘:ert—butoxycarbonylami.no'}ethyi)-6—ﬂuor0—3—phenyl—



COZ2HO NRl R2 To a soluf[ion of 2-(1-(6-amino-5-cyanopyrimidin-4-ylamino)ethyl)-6-11u0r0-3- 10
phenylquinoline-4-carboxylic acid (0.16 mmol) in DMF (1 mL) was added amine (1.5 eq), D1EA (1.1

eq) _and PyB%ﬁ) ﬁ%&% 59) ano[ the resulting mixture was stirred at it for 1 hpdhe Shyeasnudure was
subjected t purlﬁcatlon or preparative TLC for purification. The following compounds were

synthesized according to genera! procedure F or 15the procedure examplified by examples: 62, 63, 64
or 55. _Example 66: 27-4-1- (6-Am|no-5-cyano-4-p3_/r'miclinyl)amino)ethyl)-6-fluoro-N-unethyl-3- phenyl 4
qumolmecarboxér‘ﬁiﬁé‘g 5010/151740PCT/US2010/039942 A-1478 WO-PCT- 151 - 'H-NMR (400

Hz, CD30D) 8 ppm 1.36 (d, 3 Hg .66 (s, 3 %9'5 7 ~5:09 ( 7 - /.61
I xS 21 S : r) 98 T 61-7.72(m, 1
H) 7.95 (s, 1 H) 839 (8 ylgeym flilz‘"’,b|1 N egsésoglﬁérc?fﬁ}# %’l’zog)gl r%/ﬁe\é7 5%%118{4%" Example 67:
52-(14(6-Aminobeayarditd 9yFikiclitiyT) anginc) sthyi) 16- ALK, KiRiTRiEty mixture was
3-phenyl-4-quinglipeearbexamide ik MM 400
QU 1 NHZN WELIN QORI £4RQutz 165 B30) 6 ppm 1.42 (3

H,d) 2.67 (3H,5s)2.78(3H,s)5.35 10'% i ) @ : . yopp (

separated, washéd, dricd and concd to give an oil which was purified by

5  combiflash (EtOAc/hexane, 1/4) to give tert-butyl $-(6-fluoro-4-{methyltimo-

methyl)-3-phenylquinolin-2-ylethylcarbamate as a white solid. A solution of tert-

butyl 1-(6-fluoro-4-(methylthiomethyl)-3-ph enylquinolin-2-yljethyl-carbamate

(64 mg, 0.15 mmol) in a mixture of acctone (4 mL), THF (2 mL) and water {2

mL) was treated with NMO (88 mg, 5.0 eq) followed with OsOy4 (1 crop) at

10 °C. The reaction mixture was then stirred at rt overnight and partitioned between

NaHCOj4 solution and EtOAc (10 mL). The organic layer was washed with
NaS,04, water, brine, dried and concd to give tert-butyl 1-(6-fluoro-4-(methyl-

sulfonylmethyl)-3-phenylquinolin-2-yl)ethylcarbamate as a white solid. Mass
Spectrum (EST) m/e = 459 (M -+ 1),
15 4—Amin0-6—(1~(6-ﬂum‘o—4-(methylsulfonyimethy})—?«;-«phenyiquinnlin-Z—yl)-

ethylamine)pyrimidine-3-carbonitrile

Boc. NH NH2 K\ l
N\ N\ 3
i P e i —— /N
PN~ |
O F g F “~ O
F
SOZMG SOQMG O
SOzMe

4- Armino-0-(1 -(6~ﬂu0r0-4—(methylsulfonyimethyl)—3~phenyl.qainoiin—?,-yl)ethyln
amino)pyrimidine-5-carbonitrile was made in the similar manner as the prep-

20  aration of 4-amino-6-{1-( 6-fluoro-4-(hydroxymethyl-3-phenylquinotin-2-yl)-
cthylamino)pyrimidine-5-carbonitriie. "H-NMR (400 Hz, CD;0D) 6 8.22 (dd, I =
8.0, 4.0 Hz, 1H), 8.09 (s, 1H), 8.07 (dd, ] = 8.0, 4.0 Hz, 1H), 7.69 (td, T =8.0,4.0
Hz, 1H), 7.52-7.60(m, 3H), 7.44-7.46(m, 2H), 5.43 (g, J = 8.0 Hz, {H), 4.87 (2H,
overlapped with solvent peak), 2.90 (s, 3H), 1.45 (d, 3= 8.0 Hz, 3H}. Mass

25 Spectrum (ESI) m/e =477 (M + 1).



H, g, 1=6.78 Hz) 7.24(1 H. dd, 1=9.19, 2.54 Hz) 7.35 (5 H, m) 7.57 (1 H, td, 101=8.80, 2.54 Hz) 7,76(1
g,(i)(?.lz(l H, dd, J=9.10, 5.38 Hz). Mass Spectrum (ES1) m/e = 456 (M 1). Example 68:

-(1-((6-Amino-5-eyano 4 pyrimidinyl)amino)ethyl)-6-fluoro-N,N-dimethyls
3-pheny1-4‘3’h‘&iﬁ’éﬁ%{rﬁ’é@grbmamide NH2 N N 14:*NNH 0 N 15 'H-NMRy(IIZ%%UHS%?ng}%%E‘)Q) 8 ppm 1.16(3
H, d) 2.50(3 H, s) 2.74(3 H, s) 5.51 (1 H, q,1=6.65 Hz) 7.26 (1 H, dd, 1=9.29, 2.64 Hz) 7.34 (1 H, m)
743 (3H,m)7.50(1H, m)7.58 (1 H,m)7.88 (1H,s)8.11(1 H, dd,1-9.39, 5.28 Hz). Mass Spectrum
(ES1)m/e - 456 (M¥T5. ‘Wé’%m/lslmopcwus 0/039942 A-1478 WO-PCT- 152 - Example 69:
2-41S)-14(6-Amino-5-eyano-4-pyrimidinyl)amino)ethyl)-6-fluoro-N,N-
dimethyl-3-phen§¥@28findlineearboxamide NH,

2-Ethyl-6-fluoro-3-(pyridin-2-ylquinoline~4-carboxylic acid and 2-ethyl-6-

fluoro-3-(pyridin-2-yhquinoline-4-carboxamide

N
1 —
e e
——r e ———.
O
F =
I 0
Z N

5 A mixture of the known 1-(pyridin-2-yDbutan-2-one (19.9 g, 80% purity), 5-

fluoroisatin (22.0 g, 1.0 cq), KOH (22.3 g, 3.0 eq), EtOH (100 ml) and water
(100 mL) was heated to 90 °C ovemight. Solvents were concd to 100 mL and
extracted with ether twice. The resulted solid was filtered, washed with water and
dried in the air to provide 2-ethyl-6-fluoro-3-(pyridin-2-yt)quinoline-4-carbox-

10  amide (presumed to have formed vig impurity). "H-NMR (500 Hz, DMSO-d%) &
8.71(dd, I = 10.0, 5.0 Hz, 1H), 8.14 (dd, I = 10.0, 5.0 Hz, 1H), 8.03 (s, 1H), 7.94
(td, J=10.0, 5.0 Hz, 1H), 7.72-7.76 {m, 2H), 7.56 (d, ] = 10.0 Hz, 1H), 7.51 (dd,J
= 10.0, 5.0 Hz, 1H), 7.46-7 48 (m, 111), 2.47 (g, J=5.0 Hz, 2H), 1.12 (1, J=5.0
Hz, 3H). Mass Spectrurn (ESI) m/e = 296 (M + 1), The filtrate was acidified with

15  conc. HC! to pH 3-4. The resulted brown solid was filtered and dried in the air.
The filtrate was concd again to give additional material. The filtrate was coned
and freeze-dried and extracted with 20% MeOH in DCM (200 mL). Removal of
solvents gave a red oily material used for the next step. "H-NMR (500 Hz,
DMSO-d%) § 8.72 (dd, 1= 10.0, 5.0 Hz, 1H), 8.18 (dd, J = 10.0, 5.0 Hz, 1H), 7.96

20 (td, J=10.0,5.0 Bz, 1H), 7.78 (td, J = 10.0, 5.0 Hz, 1H), 7.56-7.60 (m, 2H), 2.47
(q, 1=35.0 Hz, 2H), 1.12 (t, } = 5.0 Hz, 3H). Mass Spectrum (ESI) m/e = 297 (M -+
1).



CN I NH 51H-NMR (400 Hz, CD30D) 6 ppm 1.29(3 H, d) 2.63(3 H, s) 2.86(3 H, s) 5.64(1 =

: : : : : : : : H, q, 1=6.72
Hz) 7.38 (1 H, dd, 1=9.29, 2.64 Hz) 7A6 (I H. m) 7.55 (3 H, m) 7.62 (1 H, m) 7.70(1 H, m) 8.02(1 FI, m)
8.24(1 H, d‘%?\]% 0111(591% 28 Hz). Mass' Spgctrum (ESI) m/c = 456 (M + 1)pEraRuole/q0v42
192-((18)-14 -Amino- _-eyano-4-pyr|mldlnyl)amlno)ethyl)-6-1lu0r0-N,N-
dimethyl-3-pheflyl-4-quinolineearboxamide NH2 N NH 'H-NMR (400 Hz, CD30D) 8 ppm 1.50(3 H, d)
2.65 (3 H,_s) 271?2@1@;)??&6[(1 H, d, 1=6.65 Hz) 73@ (I'H, dd,J=9.19, 2.74 Hz) 7.35 (5 H, m) 7.58 (1
E5éd(|vﬁli)8?/?/o .2010 - 1. 40% H,/s) 8.12 (1 H, éé 1=9.29, 5.38 Hz). Mass Spectrum (ESE) m/c =

. : 1 A0PCT/US2010/039942 A- e B3 -.Exxample 71:
4-Am|n0-6-(O-(6%5@1%-%-@hén%/rffﬂg(]%{%%P&Pailﬁlﬁgéig\rgﬁ -2‘5\3?%%%%%51@1‘0@ P
(pyridin-2-yl)quineline-4-carboxylate

hNH»
Nﬁcm
N I
N N” NH
I\
(N T
_N  COH

To a solution of Zuethyi—6—ﬂuoro—3—(pyrid.in-.’l—yl)quinoiine~4~carboxyl.ic acid (15
5 g, crude, 50.6 mmol) in 75 mL MeOH was added TMSCHN, (2ZM, 46.5 mL, 1.8

eq) at 0 °C, the reaction mixture was stirred at rt for 2 h. Removal of solvents
followed with column chromatography on silica gel (EtOAc/hexane, 2/3) gave
methyl 2-ethyl-6-fiuoro-3 ~(pyridin-2-ylquinoline-4-carboxylate as a pink solid.
'H-NMR (400 Hz, CDCl3) § 8.78 (dd, J = 8.0, 4.0 Hz, 1H), 8.16 (dd, ] = 8.0, 4.0

10 Hz 1H), 7.85 (td, = 8.0, 4.0 Hz, 1H), 7.53-7.58 (m, 2H), 7.45 (dd, J=8.0,4.0
Hz, 1H), 7.38 (dd, T = 8.0, 4.0 Hz, 1H), 3.66 (s, 3H), 2.94 {q, T = 8.0Hz, 2H), 1.25
(t, }= 8.0 Hz, 3H). Methyl 21 —(6»amin0-5~cyanopyrimidin—él-yiamino)cthyi)-6—
fluoro-3-(pyridin-2-yl)quinoline-4-carboxylate was synthesized starting from
methyl 2—ethyl—6-ﬂu0ro-3~(pyridin-2-nyl}quino1.ine~4-carb0xy1ate in the similar

15 manner as previously described for preparation of a corresponding phenyl analog
methyl 2-(1-(6-amino-3 -cyanopyrimidin-4-ylamino)ethyl)-6-fluoro-3 -phenyl-
quinoline-4-carboxylate. 'H-NMR (506 Hz, CD:0D) § 8.76 (d, J = 5.0 Hz, 1H),
§.28 (dd, 1 = 10.0, 5.0 Hz, 1H), 8.10 (s, 1H), 8.05 (td, J = 10.0, 5.0 Hz, 1H), 7.76
(dd, J=10.0, 5.0 Hz, 1H), 7.69 (dd, J = 10.0, 5.0 Hz, 1HD), 7.57-7.60 (m, 1H),

20 5.65-5.75 (m, 1H), 3.68 (s, 3H), 1.48 (¢, J = 5.0 Hz, 3H). Mass Spectrum (ESD)
m/ec =444 (M -+ 1),
Example 58:
2—Ethyl—6—ﬂu0r0—3-(pyridin—Z-yl)quinoiine-4~carb0nitrile




ethyl)amino)-5-pyrimidineearbonitrile NH2 NH 511-1-NMR (400 Hz, CD30D) 8 ppm 0.92(4 H, m) 1.26
(2H, m) 1.57(3H, m) 1.69 (2 H, m) 3.02(1 H, m) 3.58(1 H, d) 5.49(1 H, q, J=6.72 Hz) 5.69(1 H, q,

J=6.72 Hz) 7.46(9 7.67(2 H, m) 7.87(1 H, m) 8.03(1 H, s) 8.23(1 I o
Spectrum (E@ﬁ‘ﬁ%“@é%z (M 1). Example 72: ) ( ) (1 H@ghydnekoh28 Hz). Mass

10h4-Amino-6-((-1-(6-f|uoro-3-phenyl-4-(1-piperazinyIcarbonyl)-Z-quinolinyl)-
ethypamine)-5-pyrimidinecarbonitrilie NH2 N N NH LNH 1H-NMR (400 Hz, CD30D) 8

| ] : ppm 1.28(3
H, d) 2.50(1 H, ¢)2%7% A ¥FET1=16.24 H2) 2.94(11%%, J=7.04 Hz) 3.15 (I H, Pa) 3.68(1 H, d,1=7.24

Hz) 3.8515 (1 H, s) 5.79 (1 H, d,.J=6.65 7.51 (2 H. m) 7,61 (3 7 ; 8.15(1H
8.26 (I H, dd, J9 1o ESisn R%a?é%t 'éﬁé?fh)%o(%éﬁ’ﬂ%}@‘)(Q%ﬁ(\k}log%@v%a&‘)%&xgn'f&em) 15(1H,s)
2010/151740PCRAISR) DHO39942 ia-didr@WOHG T A 54 wisedidpsiemadine (2.1 eq, 0.115
4-Amlﬂo-6-(((18)];£?§§ TR -3rhemhidakl Q@ﬁg&ﬁ%‘@.@%ﬂ)ﬁﬁ mL.) dropwise, and the
quinolinyflethyl)ami p%-S-pyrlmldlnecarbonltrlle NH2 . : .

reaction mixture was warmed to tt. overnight. The resulted black reaction mixture

5 was partitioned between DCM and a satd solution of NalCO5. The organic layer

was separated, washed with brine, dried over sodium sulfate, concd and purified
by column chromatography on silica gel (EtOAc/hexane, 2/3) to give a white
solid. Mass Spectrum (EST) m/e = 278 (M + ).
2-(1-{_6~Amine-S-cyanopyrimidin-4-ylamino)ethyl)—é-ﬂuer0-3-(_pyridinul-yl)-

10  quinoline-4-carbonitrile

NH,
Na k”N NH
§ steps N
I‘\ - F = ] =
=N CN i\ p eV ar
=N CN

2~(1~(6-AminowS~cyanopyrimidin-4—y1.amiﬁo)ethyl)wé—ﬂuoro—3-(§}yridin—2—yl)w

quinoline-4-carbonitrile was synthesized starting from 2-cthyl-6-fluoro-3-

(pyridin-2-ylyquinoline-4-carbonitrile in & similar manner as previousty described
15  for preparation of methyl 2-(1-(6-amino-5-cyanopyrimidin-4-ylamino)ethyl)-6-

fluoro-3-(pyridin-2-yDquinoline-4-carboxylate. "H-NMR (400 Hz, DMSO-d% &

8.77 (d, J=4.0 Hz, 1H), 8.31 (dd, J = 8.0, 4.0 Hz, 1H), 8.05 (d, ] = 8.0, 4.0 Hz,

1H), 7.98 (td, J = 8.0, 4.0 Hz, 1H), 7.87 (s, 1H), 7.83-7.88 (m, 2H), 7.53-7.57 (m,

2H), 7.24 (s, br, 2H), 5.49-5.57 (m, 1H), 1.43 (d, J = 4.0 Hz, 3H). Mass Spectrum
20  (BSDm/e=41L (M + 1)

Example 59

Z-Ethy}-éi-ﬂuem-3—(pyridin»-Z-yl}quinolin-4{lH)—Gne

H
H
N Nf\
I —— o
m!: \“\ F



N L.1\1NH N 5111-NMR (400 Hz, CD30D) ppm 1.30 (3 H, d) 2.52 (1 H, m) 2.72(1 H, m) 2.97 (1 H, m)
3.17 (LH, m) 3.28 (1 H, m) 3.71 (1 H, m) 3.89 (1 H, ddd, J=14.48, 7.53, 3.42 Hz) 5.82(1 H, g, J=6.85

Hz) 7.52(3 H mﬂ? 6_29% H, m)7.71 (2 H, m) 8.26 (2 H, m). Mass S F
WX M) ©. , M). pectry@y(EShl disenE 497 (M + 1).
Ex_ample 74" ?6 - _ﬁlno-6-01-(6-f|uoro-4-((4-methyIAtiperazinyI)earborryl)-B-pllenyI-2-

quinolinypethyl)amino)-5-pyrimidinecarbonitrile NH2 NH 1H-NMR (400 Hz, CD30D) 6 ppm 1.27 (3 H,

d, J=6.7Hz) 2.76 - 2.90&?9?%8})34.87- 4.92(4 H, m) 571 -5.81 (1 H, m) 7,51 (2 H d, J=9.2 Hz) 7.60(2 H

, hr. 15s) 7.65-7478@ # (1 H,s)8.25 (1 H, dd;J=9.3, 5.4 Hz). Mass Spectrum (ESI) m/c = 511

(M +1). WO 2010/151740PCT,. US§ 10/039942 A:-1478 PCT - Eﬁ‘f"éﬂﬂlﬁ ;

. 1 e b - e et 3 Z et ¥ -
4-Am|no-_6-(0-(6-‘$l GBrvEe -m%!r(% [ &Pégféé%ﬁfzﬂ)%"pﬁfeﬁ\@]- “quin lﬁr%%)%’ SRl
ethyl)amino)-5-pirimiginecapbemiidide(RiHRN1 .2 ¢q), and tetrakis(iriphenylphosphine)-

palladium(0) (3.34 g, 0.05 eq) in dioxane (600 mL) was purged with Ny and
heated to reflux overnight. After cooling to rt, removal of solvent followed with
5  purification on column chromatography on silica gel (DCM/MeOH, 1/0 to 20/1
containing NHy) gave 2-ethyl-6-fluoro-3-(pyridin-2-ylquinolin-4(1H)-one as a
white solid. Mass Spectrum (ESI) m/e = 269 (M + 1).
2~(1-(4~Chlm‘o-ﬁ-ﬂu0m~3-(pyridin*Z-yi)quinolin—z-yl)ethyl)isoindoline—l,3-

dione
; » o=y o
1 — | 2 steps N
~x = S = F = I
| f | S
N 0] =N C I 3 E
1C =N Ci

A suspension of 2-ethyl-6-fluoro-3-(pyridin-2-yl)quinolin-4(1H)-one (1000 mg,
3.7 mmol) in POCl3 (5 mL) was heated to 100 °C for 2 h, After cooling to rt, the

reaction mixture was poured into a mixture of ice and water and slowly warmed to

rt. Solid NaHCO4 was added until the solution reached pH 8. The resulted solid

15 was extracted with EtOAc, washed with water, brine, dried, coned and purified by
column chromatography on silica gel (EtOAc/hexane, 1/1) to give 4-chloro-2-
ethyl-6-fluoro-3-(pyridin-2-yi)quinoline as a solid. 2-(1-(4-Chloro-6-fluoro-3-
(pyridin-2-yl)quinolin-2-yDethyiisoindoline-1,3-dione was obtained in the similar
manner as described previously for the preparation of 2-(1-(3-(3,5 -difluoro-

20 phenyi)»6-ﬂuoro—4~(methy¥thio)quinolin-2«y§)ethyi)isoin.doline-'l J3-dione, Mass
Spectrum (EST) m/e = 432 (M + 1).



NH 0 0 'H-NIVIR (400 Hz, CD30D) Sppm 1.66(4 H, d) 3.03 - 3.29 (4 H, m) 3.42 - 3.54 (2 H, m) 3.58 -
3.75 (2 H. m) 5.54(1 H, q,"/=6.52 Hz) 7.41 (1 H, dd,1=9.10, 2.64 Hz) 7.44 -7.62 (4 H, m) 7.68 (1 H,
?Igg|)1rz?e23‘2§§%1|{3/&5%34123gxiini)lleH7§) 7.97 (1 H, s) 8.23 (1 H. dd, J=9¢{9/{:28d3)eMass Spectrum
4-Amino-6-((-1-(6-fluoro-4-(4-morpholinylearbonyl)-3-pbeny1-2-quinolinyl)-
ethyl)amino)-5-pyrimidineearbonitrile NH2 'H-NMR (400 Hz, CD30D) S ppm 1.28 (2 H, d) 2.92(1 H, d,
1=5.67 Hz) 2.95218B8WQFC ) 3.14 - 3.27 (1 H, 1 3.35 - 3.42 (L H, m) 3.46 - 3.56 (1 H, m) 3.56 -
3.76 (2H, m)5.76(1 H, q, J=6.78 Hz) 7 4%(1 ,dd,J=9.19, 2.74 H%) /.80 5 7,64 ) 7.68(1 H,
ddd,1=9.19, 8.2??‘5.‘?4»“&&}"%7%(‘?“@765}1@. 3(5[9?,3] E}%‘.‘%@ﬁ‘?‘é’&% gi@@%%%%%gs Spectrum
(ES1) m/e =409 ( . Mass Spectrum (ESI) m/e =498 (M + 1). WO
2010/151740PCT/US2010/039942 A-1478 WO-PCT- 156 - Example 77:
4-Amino-6-((1-(6fILOroid-W3R)-3-hydroxy-1-pyjrglidinyflearbony1)-3- rN-BO°
phenyl-2-quinolinypethyl)amino)-5-pyrimidineearbonjtrile NH2 NH N

d 2 !

A suspension of 2-(1-(4-chioro-6-fluoro-3-(pyridin-2-ylquinolin-2-yl)ethyl)iso-
indoline-1,3-dione (240 mg, 0.56 mmol} in EtOH (4 mL) was treated with hydra-
5 zine (0.4 mL)at 50 °C for 5 min. After cooling to rt, the reaction mixture was

partitioned between water (5 mL) and EtOAc (10 mL). The organic layer was
separated, washed with water, brine, dried and concd to give 1-(4-chloro-6-fluorc-
3-(pyridin-2-yl)quinolin-2-yl)ethanamine as a white sohd. This was dissoived in
THF (5 mL) and treated with Et3N (0.10 mL, 1.3 eq) followed by BocyO (146

10 mg, 1.2 eq). The solution was refluxed for 2 h. After cooling to rt, removal of
solvents followed with column chromatography on silica gel (EtOAc/hexane, 1/1)
gave tert-butyl 1-(4-chloro-6-fluoro-3 <(pyridin-2-yl)quinoiin-2-ylethylcarbamate
as a white solid. Mass Spectrum (ESI) mv/e = 402 (M + 1).
tert-Butyl 1-(4-(dimethylamino)-6-fluore-3-(pyridin-2-yhquinolin-2-yi)-

15  ethyicarbamate

A suspension of tert-butyl 1-(4-chloro-6-fluore-3-(pyridin-2-ylquinolin-2-yI}-
ethylcarbamate (57 mg, 0.14 mmol) in MeOH (1 mL) was treated with MesNH in
THF (2.0 M, 2 mL) in a sealed tube at 80 °C for 5 hours and further at 50 °C

20  overnight. Removal of the sotvents gave tert-butyl t-{4-(dimethylamino}-6-
fluoro-3-(pyridin-2-yl)quinolin-2-yijethylcarbamate as a yellow film which was
used directly for the next step. Mass Spectrum (ESIy m/e =411 (M + 1),



0 0&-OH 51H-NMR (400 Hz, CD30D) 8 ppm 1.54 (d"/-6.65 Hz, 3 H) 2.84 - 2.97 (m, | H) 2.98 - 3.16
(m, 1 H) 3.16 - 3.28 (m, 3 H) 3.59 - 3.82 (m, | H) 5.51 - 5.64 (m, 1 H) 7.33 -7.51 (m, 4 H) 7.64 - 7.78 (m,

2 H) 8.00 - 8.05?()lm, %115!2’ 8.08 (s, 1 H) 8.24 (add, J=9.10, 5.48, 3.23 Hz, } H),Mass«gRectrum (ES1)
m/e = 498 (WI0+2 .OEXampIe 78:

104-Amino-6-((-1-(6-fluoro-4-W3S)-3-hydroxy-I-pyrrolidinypearbony1)-3-
phenyl-2-quinolinyl)ethyl)amino)-5-pyrimidineearbOnltrile NH2 N NH 1H-NMR (400 Hz, CD30D) 6
ppm 1.27 (d, 2 Hy-1%68 O1BE 65 Hz, 3 H) 2.96 - 313 (m, 1 H) 3.13 -3.32 (m, 2 H) 3A3 -3.56 (m, 1 H)
3.56 - 3.77 (m, 1 H) 5.48 - 155.60 (m, OH) 5.7 éq J:6.E’3§|5 Hz .EH_ 738 -1 1:21-89'" fl H) 7.62 - 7.72 (m,
1-9.19, 8.27, 2. gAMoLy gupsthyianine Sefporp-Ay il 2 AR ann el ) Ly Mass
Spectrum (ESI) atlg/tadl drindiiidd/O 201G EZ40PCT/US2010/039942 A-1478 WO-PCT- 157 -
Example 79: 4-Amino-6-41-(6-fluoro-4-0(3S)-3-hydroxy-I-pyrrolidinyflegagbonyl)-3-
phenyl-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbOnitrile (rotomer ?\}‘ ample 77) NH2 N

-Boc [
N
A khN NH

A solution of tert-butyl 1-(4-(dimethylamine)-6-fluoro-3-(pyridin-2-yljquinolin-2-
5 yhethylcarbamate (45 mg, 0.11 mmol) in DCM (2 mL) was treated with TFA (2
mL) at rt for 2 h. Solvents were removed under reduced pressure and the residue
was stored under vacuumn for 1 h to give 2-(1-aminoethyl)-6-fluoro-N,N-dimethyl-
3-(pyridin-2-yl)quinotin-4-amine as TFA salt. This was treated with 4-amino-6-
chloropyrimidine-3-carbonitrile (17 mg, 1.0 eq) and Hunig’s base (6.038 mL, 2.0
10 eq)inn-BuOH (2 mL) at 120 °C overnight. After cooling to rt, the reaction
mixture was diluted with 1 ml. DMF and subjected to reverse phase HPLC
(MeCN/water, 15-60%. 0.1% TFA) to give 4-amino-6-( 1-{4-(dimethylamino)-6-
ﬂu0r0-3—(pyridin—Z-yl)quin()lin-Z—yi)ethylamino)pyrimidine-s-carbonitrﬂe asa
TEA salt. 'H-NMR (400 Hz, CD;OD) & 885 (d, J = 8.0 Hz, 1H), 8.06-8.20 (m,
15 3H), %.02 (s, 1H), 7.78-7.85 (m, 2H), 7.63-7.67 (m,1H), 4.95-5.05 (m, 1H), 2.98
(s, 6H), 1.62 (d, = 8.0 Hz, 3H). Mass Spectrum (ESTym/e = 429 (M + 1},
Example 60:
4-amino-6-(1-(6-fluoro-4-morpholine-3-(pyridin-2-yl)quinolin-2-yhethyl-

amino)pyrimidine-5-carbonitrile

NH2
CN
N/
HN,BOC N l
N N N
/\ | 2 steps /N I
= F
| SN F
~N N E

20 O



NNH 5HO 1H-NMR (400 Hz, CD30D) 6 ppm 1.30 (d, 3 H) 2.88 -3.13 (m, 2 H) 3.21 (td, J=7.48, 3.62
Hz, | H) 3.52 (d, J=5.87 Hz, 1 H) 3.58 - 3.73 (m, 2 H) 5.77 (q, 1=6.78 Hz, 1 H) 7.44 (dd,1=9.19, 2.54
Hz, 1 H) 7.49 -7.65 (m, 5 H) 7.70 (td, J=8.71, 2.74 Hz, | H) 8.19 (s, 1 H) Bc3fsldiolr9s39. 5.18 Hz, 1
H). Mass 15SpEEN (B S1) mic = 498 (M + 1) Example 80:
4-Amino-641-(44(1,1-dioxido-4-thiomorpholinypearbony1)-6-fluoro-3-
pheny1-2-quinolinyflethypamino)-5-pyrimidinecarbonitrile NH2 NkNH 151H-NMR (400 Hz, CD30D) 6
ppm 1.39 (3 H, d146%8AB466 (0 H, d,1=7.24 H7}'1.87(1 H, m) 2.00(4 H, m) 3.17(1 H, m) 3.50(1 H,
m) 4.91 (1 H, m) 7.39(1 H, s) 7.51 (1 H, dd,1=7.24, 1.17. Hz).7.64(1 H. d 1= , 75 (I H, m) 7.84
(1H,s)7.91(1 ﬁr,f%l}’%{%ré'@'F?,‘ﬁ?f%ﬁ?ﬂ?%@%ﬁ%‘%%‘ﬁ%ﬁ?@?ﬁ* thln ﬁ%@fy gggg?r%m (ESI) = 546
(M +1). WO 201#15iId40PCRNISROL/OS90UR Azt d IBANMOIROTaEBS as Hxaphpece

4-Amino-6-(((1S)z1-(44(1.1-dioxidor4- thiomarnhqlinypeaiRamil8riiarers:3-(pyridin-2-y1)-
phenyl-2-qumo|mﬁ)et amino)-5-pyrimidinecarbonitrile NH2 NON .-.- N NH ON O
quinoli11-2~y])ethylamino)pyrimidine«5—carbomtmle. H-NMR (400 Hz, CD:0D) 8
5 R.88(d, ]=4.0Hz, IH),7.67-8.24 (m, TH), 5.30-5.40 (m, 1H), 4.95-5.05 (m, THD,
3.70-3.72 (mn, 4H), 2.92-3.20 (m, 4H), 1.56 (d, T = 4.0 Hz, 3H). Mass Spectrum
(ESH m/e =471 (M + 1),
Example 61:
4-—Amin(}-6-(1—-(6-ﬂi10r0~4-(3-hy(ir0xyazetidin-1-yl)~3-(pyridin-2-yl)quinolin-z-

10 yl)ethylamino)pyrimidine-s-carhonitrile

NH;
CN
N/
.Boc |
.Boc HN
o ) Sy
N “ 2 steps N
/I e \l e /I
N = F
I\ r LN N NN F
~N  C z %) l/N i
OH V

OH
4-amino-6-(1-(6-fluoro-4-(3-hydroxyazetidin-1-yl)-3 ~(pyridin-2-yi)quinolin-2-yl}-
ethylamino)pyrimidine-5-carbonitrile was synthesized in a similar manner as the
procedure for preparation of 4-amino-6-(1 -(4-(dimethylamino }-6-fluoro-3-(pyr-

15 idin~2—y1)quin01in—2—yi)ethylamine)py"rimidincé~carbonitrile. "H-NMR (400 Hz,
CD:0D) & 8.82 (d, J = 4.0 Hz, 1H), 7.98-8.08 (m, 4H), 7.78-7.79 (m, 1H), 7.62-
7.65 (m, 1H), 5.30-5.40 (m, 1H), 4.46-4.49 (m, 1H), 3.72-3.79 (m, 1H), 3.23-3.26
(m, 2H), 1.40 (d, ] = 4.0 Hz, 3H). Mass Spectrum (ESD) m/e =457 (M + 1).



5 1H-NMR (400 MHz, DMS0-4) 8 ppm 1.32 (3 H, d,1=6.65 Hz) 2.34(1 H, 1=1.86 Hz) 2.68 (1 H, d,
%:61.7(6 Hz)d?é.44(1 H,s) 3.61 (3 H, s) 5,39(1 H, J=6.85 Hz) 7.26 (1 H, br. s) 7.36 (1 H, m) 7.49(3 H, m)
.60 (1 H, dd,1=9.59, 2.74 Hz) 7.82(1 H, m) 7.93(1 H, s) 8.18(1 H, dd, J3 47), Mass
Spectrum (& IFHIE 8846 (M + 1). 10 Example 82: 4-Amin0-6-(01S)-1-(£¥%(1(118S£iﬁ§]§;22
[,1-dioxido-4-thiomorpholinyl)carbony1)-6-fluoro-3-
pheny1-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile (rotomer of Example 81) NH2 N NH o'
15'H-NMR (400 £228HEDYPpm 1.55 (3 H, d,1=6.85Hz) 3.38 (4 H, m) 4.89 (4 H, m) 5.70(1 H,
q,1=6.65 Hz) 6.48 (1 H, m 7.52(2 H, m) 7.71 (7 H, m) 7.84(1 H, ddd,J=9.29, 8.31, 2.74 Hz) 8.05 (1 H,
m) 8.12(1 H, s) &x33pPla 8dél, 1=9.39, 5.28 Hz). Mass Spectrum (ESI) m/e = 546 (M 1). WO
2010/ 151740PC('E/}.ﬁ@O(HDAﬁﬁQB&@aﬁéﬁﬁ‘W&ﬁ@ﬁﬂ%ﬁmEﬁaﬂ)Fﬂé}s@_‘(m -methyl-3-

4-Amino-6-01-(6-fluoro-4:((3-hygrox3-1- idinybcarbony1)-3-phenyl-2-
quinoIinybethybgm?%%g}'é%ﬁr%% in&%%g%ﬁﬁgi?g NH2 N NH ON

ﬁ\ j\ >L J\ NHBO;Z
O NH
oW o 0
IS P —
A /m O # F
I COH
NH,
NHBoc ~_-CN
N "
s N
e | / - 2 steps N

NH
- e AN
-
O CONHMe l O
= F
- CONHMe

(S)-tert-butyl 1-{methoxy(methyl)amino)-1-oxopropan-2-yicarbamate (1.16¢g, 5
mmol) in THF (10 mL) was cooled to -15 °C and slowly charged with 1sopropyl-
magnesium chloride (2.0 M, 2.37 mL, 0.95 eq). After a clear solution was
obtained, benzyimagnesium chloride (1.0M, 4.99 mL, 1.0 eq) was added dropwise

10  with stirring at tt for 4 h. The reaction mixture was quenched with NH4Cl
solution and extracted with EtOAc (10 mL x2). The combined organic layers were
washed with water, brine, dried over sodium sulfate, concd and purified by
combiflash (EtOAc/hexane, up to 1/3) to give a colorless oil (S)-tert-butyl 3-oxo-
4-phenylbutan-2-ylcarbamate. Mass Spectrum (ESI) m/e = 264 (M + . Toa

15 solution of (S)-tert-buty! 3-oxo-4-phenylbutan-2-ylcarbamate (24.6 g, 93 mmol)
and 5-fluoroindoline-2,3-dione (15.41 g, 93 mmol) in EtOH (300 mL) was added
KOH (15.71 g, 280 mmol). The resulting mixture was heated to 90 °C overnight,
but racemization was observed via chiral HPLC with C10A30 min method.
Water was added and FtOH was removed. The aq. layer was washed with EtO

20 {2x), acidified with 1M HCl and the solid filtered. The aq. layer was extracted
with EtOAc, washed with water, brine and dried over sodium sulfate. Both solids
were combined to afford 2-(1-(tert-butoxycarbonylamino)ethyl)-6-fluoro-3-
phenylquinoline-4-carboxylic acid. 5 g of 2+ 1-(tert-butoxycarbonylamino)ethyl)-
6-fluoro-3-phenylquinoline-4-carboxylic acid was purified by chiral HPLC



OH 5'H-NMR (400 Hz, CD30D) 8 ppm 1.32(3 H, dd"T=6.65, 1.17 Hz) 1.63 (2 H, m) 3.50(2 H, m)
3.92(2 H, m) 4.11(1 H, m) 4.39(1 H, m) 4.59(1 H, m) 5.61 (1 H, dd,J=6.75, 3.03 Hz) 5.75 (1 H,

g,1=6.65 Hz) 7.54 (9 H, m) 7.72(2 H, m) 8.05 (1 H, d, 1=4.89 Hz) 8. _
Spectrum (E)gl)z%ﬂ LYy, (M+ 1()_ 1o|r5n>2amp|e(84: 2) 8.21 (IgdsfphAbpddtd, m). Mass

g-Amincl)-G-t\Jle)-l.-(6-f|uoro-4-((3-hydroxy-|—azetidinybcarbonyl)-s-phenyl-
-quinoliny ethybaminc%—S- rimidinecarbonitrile NH2 N N 11.N" NH N O Na OH 114-NMR (400 Hz
CD30D) 8 ppm £:26 (8 ,Qj,gé%.es Hz) 1.54 (2 H, B, 151=7.63, 6.65 Hz) 3.52(3 H, m) 3.72(1 H, m)

o m) .67(0 1, GePTISEEe) DA 8 (DN BT (i L ) 6,02 £ d
1= 1. 3 7 Hz) 8.28H{@nklamindybaiss Splotnori-{ESTymfaciing4-garbotylioyed. Mass Y
2010/151740PC§1:§LGLCJ§112TQ %Pgﬂqggizﬁﬁ‘lw 8 WOTE) 916111@(91‘0%ZWR@T&%toxycarbonyl—
amino)ethyl)-6-fluoro-3-phenylquinoline-4-carboxylic acid (4 g, 9.75 mmol) in
5 DMF was added HATU (5.56 g, 14.62 mmol), DIEA (3.40 mL, 19.49 mmol) and
methanamine (9.75 mL, 19.49 mmel). The resulting mixture was stirred at rt
overnight. EtOAc was added. The organic layer was washed with water, brine
and dried over sodium suifate. The solutior was filtered and concd in vacuo to
give a yellow solid. The crude yeliow solid was absorbed onto a plug of silica gel
10 and purified by chromatography ehuting with a gradient of 0 % to 60 % EtOAc 1n
hexane, to provide tert-butyl 1-(6-fluoro-4-(methylcarbamoyl)-3-phenylquinolin-
2-ylyethylcarbamate as light-yellow solid. Mass Spectrum (ESym/e =424 (M +
1). To tert-butyl 1-(6-fluoro-d-(methylcarbamoyl)-3-phenylquinolin-2-ylethyl-
carbamate (20.41 g, 48.2 mmol) was added 4N HCI/1,4-dioxane(20 mL, 80
15  mmol). The resulting mixture was stirred at rt for 1 h. Solvent was removed and
the resulting 2-(1-aminoethy!)-6-fluoro-N-methyl-3 -phenylquinoline-4-carbox-
amide was used without further purification. Mass Spectrum (ESI) m/e = 324 (M
+1). To a solution of 2-(1-aminoethyl)-6-fluero-N-methy!l-3-phenylquinohne-4-
carboxamide in BuOH (100 mL) was added 4-amino-6-chloropyrimidine-5-carbo-
20 nitrile (7.45 g, 482 mmol) and DIEA (25.2 mL, 145 mmol). The resulting
mixture was heated to 100 °C for 3 h. The reaction was allowed to cool to rt and
the ppt was filtered, washed with hexanes to afford 2-(1-(6-amino-5-cyanopyr-
imidin—4~ylamino)ethyi)»-6—ﬂu.or0-N~methyl—3—phenyiquinoline-—4~carb0xamide as
an off white powder and purified on a chiral column (isopropanol/ hexane
25 gradient, AD column) to obtain (8)-2-(1-{6-amino-3-cyanopyrimidin-4-
ylamino')ethyl')-6—ﬂu0ro—N—methyl—3—phenyiquinoline~4—carboxamide. 'H-NMR
(400 Hz, CD-:0D) & ppm 1.34 (d, 3H) 2.63 (s, 3 H) 5.51 {q, J=6.52 Hz, 1 H) 7.32
- 7.54 (m, 6 H)7.57-7.71 (m, L H) 7.93 (s, 1 H) 8.18 (dd, /=9.39, 5.28 Hz, 1 H).
Mass Spectrum (EST) m/e = 442 (M + 1).



4-Ami_no-6-(0-(6-f|uoro-4-((3-methoxy-l-azetidinypearbonyl)-s-phenyl-z-
quinolinyflethyl)amino)-5-pyrimidineearbonitrile NH2 N 51H-NMR (400 Hz, CD30D) 6 ppm 1.32(3 H, d
J=6.65 Hz) 1.63 (3 H, d, J=6.65 Hz) 3.15 (3 H, s) 3.50(1 H, m) 3.87 (OH o
0 517 ' 3) 3. , M) 5. o, (96 dfdge ) 4.35 (OH,
m) 5.61 (0 v sf e (C1) ,S) 7.53(5H, m)7.74(1 H, m) 8.03(1 H, d, J=2.54 Hz) 8.18(1 H, d,/=1.37 Hz)
8.24(1 H, m). Mass Spectrum (ESI) mie = 498 (M + I). Example 86:
102-(1-((6-Amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6-fluoro-N-(2-(4-
morpholinyl)ethﬁ%ﬁﬁ%%tﬁg uinolineearboxam'lci{é?]’\fHZ N 'H-NMR (400 Hz, CD30D) 6 ppm 1.44 (3
H, d, J=6.65 Hz) 2.80 (2 H, td, J=6.85, 3.13 Hz) 3.38 (2 H, m) 3.56(2 H, in) 4.83 (3 H, m) 5.58(1 H, q,
J=6.65 Hz) 7.48%%’(‘1‘?1? *7.57(5H,m) 7.71 (1 H, td, .1=8.80, 2.74 Hz) 8.05 (1 H, s) 8.24(1 H, dd,
1-9.29, 5.38 Hz)2lags SphoitaynSpynivo dis41y ming ety A¢cyvbmparinethylE¢ample 87A:

2-(i-(6-Amino-5-%agggyﬂm&%’gggﬁfxmégg_%gm@ﬁﬂmgro-N-methyl-3-

(pyridin-2-y1)quinoﬁne-4-ea amide NH
N/NHE CN
O 2 steps k\Ni NH
= — IN\ NS
A

5  To a solution of 2-(1-(tert-butoxycarbonylamino)ethyl)-6-fluoro-3-phenyl-
quinoline-4-carboxylic acid in DMF (1 mL) was added cyclopropylmethylamine
(34.7 mg, 0.487 mmaol), DIEA (0.085 mL, 0.487 mmol) and HATU (139 mg,
0.366 mmol) . The resuiting mixture was stirred at rt overnight. EtOAc was
added and the mixture washed with water, brine and dried over sodium sulfate,

10  The solvent was removed in vacuo. The crude residue was subjected to combi-
flash purification using 0-100% EtOAc/hexanes to obtain tert-butyl 1-(4-(cyclo-
propylmeihylcarbameyl)éuﬁuoro—3—phenylquinolin-Q-yl)ethylcarbamate. Mass
Spectrum (EST) m/e = 464 (M + 1). To a solution of tert-butyl 1-{d-(cyclopropyl-
methylcarbamoy!)-6-fluoro-3-phenylquinolin-2-ylethylcarbamate (98.4 mg,

15 0.212 mmol) in DCM (1 mL) was added TFA (1 mL, 13.0 mmol) and the
resulting mixture was stirred at 1t for 1h. The solvent was removed and the crude
2-(1-aminoethyl }-N-(cyclopropylmethyl)-6-fluoro-3 -phenylquinoline-4-carbox-
amide was used without further purification. Mass Spectrum (ESI) m/e = 364 (M
+1). To a solution of 2-(1-aminoethyl)-N-(cyclopropylmethyl)-6-fluoro-3-

20  phenylquinofine-4-carboxamide in BuOH (1 mL}) was added 4-amino-6-
chloropyrimidine-5-carbonitrile (37.7 mg, 0.244 mmo!) and DIEA (0.085 mL,
0.487 mmo!) the resulting mixture was stirred at 100 °C for th. The crude
reaction mixture was purified using preparatory HPLC to obtain 2-(1-(6-amino-5-
cyanopytimidin—fl-ylamino)ethyl)—N—(cyciopropyimethyl.)~6~fiuoro-3 -phenyl-

25  quinoline-4-carboxamide. "H-NMR (400 Hz, CD:0D) & ppm 0.05 (¢, 2 H) 0.37
(dd, J=8.51,1.47 Hz, 2 H) 0.58 - 0.74 (m, 1 H) 1.45 (d, J=6.85 Hz. 3 H) 2.96 -
3.10 (m, 2 H) 5.61 (q, J=6.39 Hz, 1 H) 742 - 7.59 (m, 6 H) 7.63 - 7.78 (m, 1 H)



N NH NH2_ CN Lt-. N NH _ N_H2 CN NNH CONHMe 5To a solution of methyl
i-éll-(6-arr|1)|no-5-cyanopyrlm|din-4-ylamino)ethyl)-6- fluoro-3-(pyridin-2-yOquinoline-4-carboxylate (2 g,
.51 mmol) in 20 mL pyridine was added LiT (1.81 g, 13.53 mmol). The gesujii '
( 1AL ’ : NG Mixsure was heated
to 100 C ov\é%@m.lgﬁlent was removed and the crude residue was subject to combifiash using up to

)ZO%MeOH/DCM to obtain 2-(1-(6-amino-5-cyano- 10pyrimi din-4-ylamino)ethyl
-6-fluoro-3-(pyridin-2-yOquinoline-4-carboxylic acid as a brown solid. The pure material was purifi

| C . purified
by chiral HPLC (‘i‘séﬂ)?gﬁ‘é%oﬁ’/cl%xane gradient, AD'@8Iumn) to obtain

(S)-2-(1-(6-amino-5-cyanopyrimidin-4- ylamina)ethyl)-6-fl -3-(pyridin:2- ingline-4-carboxyli
acid. I_\/Ia}s_s Spe&rmﬁ%ééﬁggrﬁ?e(ﬁ&éwo%@g%%%t és F&%ggo% ég%g%%é@f)ﬁ%g%gggg}%hgw e
15pyrimidin-4-ylansinaaikyB{taeroy3-(pyridin-2-yDquinoline-4-carboxylic acid (100 mg, 0.233 mmol)

was added rnethanamine (14.47 mg, 0.466 mmol), N-ethyIN-isopropylpropan-2-amine (60.2 mg, 0.466
mmol) and PyBg%%%{%riéé,' 0.512 ( >
2~(1-(6—AminO—S-cyanopyrimidinwtt-yiamino)ethyi)—é—ﬂuoro«N-isopropyLS-

5 phenylquinoline-4-carboxamide

Boc. N;\F/CN

AN L*N/\NH

l; R O I/Fzsteps iN“

O COzH " NV O 7 F

NV

To a solution of 2-(1-{tert-butoxycarbonylamino jethyl}-6-fluoro-3-phenylquino-
line-4-carboxylic acid in DMF (1 mL) was added isopropylamine (28.8 mg, 0.487
mmol) DIEA (0.085 mL, 0.487 mmol) and HATU (139 mg, 0.336 mmol). The

10 resulting mixturc was stirred at rt overnight. EtOAc was added to the mixture
washed with water, brine and dried over sodium sulfate. The solvent was removed
in vacuo. The crude residue was subjected to combiflash purification using 0-
100% E1OAc/Hexanes to obtain tert-butyl 1-(6-fluoro-4-(isopropylcarbamoyli)-3-
phenylquinolin-2-yDethylcarbamate. Mass Spectrurm (ESIy m/e =452 (M + 1).

15 To apure of tert-butyl 1-(6-fluoro-4-(isopropylcarbamoyl)-3-phenylquinolin-2-
yljethylcarbamate (95 mg, 0.210 mmol) was added 4N HCY/1,4-dioxane (0.5 mL,
2.000 rmmo!) and the resulting mixture was stirred at rt for 1 h. The solvent was
removed in vacuo and the crude 2-(1-aminoethyl)-6-fluoro-N-isepropyl-3-phenyl-
quineline-4-carboxamide used without further purification. Mass Spectrum (ESI)

20  mie=3352(M +1). To a solution of 2~ 1-aminoethy!)-6-fluoro-N-isopropyl-3-
phenylquinoline-4-carboxamide in BuOH (1 mL) was added 4-amino-6-
chloropyrimidine-5-carbonitrile (37.7 mg, 0,244 mmol) and DIEA (0.085 mL,
0.487 mmol) and the resulting mixture was stirred at 100 °C overnight. Upon
cooling, a solid precipitated and was filtered. The filtrate was removed and

25  purified via preparatory TLC using 5% MeOH/DCM to obtain 2-(1-(6-amino-5-
cyanopyrimidin~4—ylamino)ethyl)—6~ﬂu01‘0~N~isopropy£—3-»phenquuinoline—dl—
carboxamide as white solid. 'H-NMR (400 Hz, CDs0D)  ppm 0.80 (br. 5., 3 H)



mmol). The resulting mi>_<ture was stirred at rt overnight. The solvent was removed and dissolved in
EtOAc. It was washed with water, brine and dried over 20sodium sulfate. After removal of the organic

phase in vacuo, the crude residue was subjected to HPLC purification a ificati
using 2% M)‘éﬁﬁ?ﬂ%ﬁz}%h satd ammoniato afford (S)-2-0-F6-amino-5-c3?a@rf)ﬁ§/%?r£1@ifg?r§1¥ch puriication
ylamino)ethyl)-6-fluoro-N-methyl-3-(pyridin-2-yOquinoline-4-carboxamide. 1H- NIVIR (400 Hz. CD30D)
8 ppm 1.43 (3 H, d) 2.70 g:H s) 5.60 (1 H, q,1:6.?§ 25Hz) 7.52(2 H, m) 7.64 (1 H, dt,,J=7.82, 1.17
Hz) 7.71 (1 H, d&-14358% Ori¥gTHz) 7.96 (2 H, m) B4 (1 H, dd,1=9.29, 5.38 Hz) 8.73 (1 H, m). Mass

Spectrum (ES = +
Eample 878 (% (& (NG DA arOSTO Borea.
(pyridin-2-yl)quirfofib €edsearkibMami e . BN AL D40 ANM 238 1 7R (mOobHNHBde. | H
§.10 - 8.24 (m, 1 H). Mass Spectrum (ESI) m/e =470 (M + 1).
Example 65:
5 (S)-2-(1~(6-Amino-5—cyan0pyrimidin-4—ylamino)ethyl)-Nw-ethylwﬁ—ﬂu0r0-3~

phenylguinoline-4-carboxamide

NH,
7 CN
I
NHBoc g |
N N7 TNH
= 2 staps : N
! / e 3
F l
N = F

To a sotution of (S)-2-(1-(tert-butoxycarbonylamino)ethyl)-6-fluoro-3-phenyl-
quinoline-4-carboxylic acid (125 mg, 0.305 mmol) in DMF (1 mL) was added

10  ethylamine (0.304 mL, 0.609 mmol), DIEA (0.106 mL, 0.609 mmol) and HATU
(174 mg, 0.457 mmol). The resulting mixture was stirred at rt for 2 h. The
solvent was removed in vacuo and diluted with EtOAc. The organic layer was
washed with water, brine and dried over sodium sulfate. The solvent was
removed, and the crude residue was purified via combiflash using 30%

15 LtOAc/hexanc to obtain (S)-tert-butyl 1-(4-(ethylcarbamoyl)-6-fluoro-3-phenyl-
quinolin-2-yl)ethylcarbamate. Mass Spectrum (ESDHm/e =438 (M +1). Toa
pure residue of (S)-tert-butyl 1-(4-(ethyicarbamoyl}-6-fluoro-3-phenylquinolin-2-
yhethylcarbamate (120 mg, 0.274 mmol) was added 4N HCV1 4-dioxane (1 mL,
0.274 mmol). The resulting mixture was stirred at rt for 1h. The solvent was

50 removed in vacuo and the crude (8)-2-(1-aminoethyl)-N-ethyl-6-fluoro-3-phenyl-
quinoline-4-carboxamide used without further purification. Mass Spectrum (ESI)
m/e = 338 (M + 1). To a solution of (S)-2-(1-aminocthy!)-N-ethyl-6-fluoro-3-
phenylquinoline-4-carboxamide in DMF (1 mL) was added 4-amino-6-chloro-
pyrimidine-5-carbonitrile (106 mg, 0.686 mmol) and DIEA (106 mg, 0.823

25 mmol). The resulting mixture was heated to 95 °C overnight. The solvent was
removed and crude residue was subjected to preparatory TLC purification using

594 MeOH/DCM to obtain (S)-2-(1-(6-amino-5-cyanopyrimidin-4-ylamino)-



tert-Butyl 1-(methoxy(methyDarnino)-1-oxopropan-2-ylcarbamate (50.0 g, 215 mmol) in THF (450 mL)
was cooled to -40 C (dry ice/acetonitrile) and slowly charged with isopropylmagnesium chloride (2.0 M,
102.2 mL, 0.95 eq). After a clear solution was obtained (became clear atP@p/&ﬁg‘gﬂ@g@ again at -40
C), 10 bron%ﬂo%m ﬂ?—li-‘VImethyl)magnesium solution (see below for preparation) was added drop wise
using cannula before warming to rt overnight. The reaction mixture was quenched with NH4C1
solution and extracted with EtOAc (500 mLx2). The combined organic layers were washed with water,
brine, dried oversadilthéeiftd, and concentrated iffder high vacuum to give (S)-tert-butyl 3-oxo- 15
4-(pyridin-2-yl)butan-2-ylcarbamate as a tan oil. (Small scale reaction was purified oy combiflash
(FtOAc/hexane, GRS 85‘%'@T@é“ﬁ‘?‘é’dpgﬁpx}l‘é‘é‘g‘élﬁ&ﬂmﬁa’?ﬁ% g & g%fl\}fil ).
Bromo(pyridin-2:yhetag) magopsii I pranshiRiGnEbfpitoknd BLY/mLodEad) in (R-HE (300 mL) was
added MelLi 20(205 52%%11 M, {}:% §§‘)qu§°9 A’&i%? At 40 &”(19?{ pitrageg, the qqgjctycx/@ mixture was
o and &tirredf ' d th d to

allowed to warm'T or 10 min. and then cooled to -40 C and magnesium bromide

(59.4 g, 1.5 eq) WaH addedsinlihteblpbriidhss Phdab 6 MixturaWis HloWdito warm to it, stirred for
30 min, to pkpvid Qggmgmjgm;giyjmetmgmﬁgnesium, KOH (25.05 g, 2.0 eq), 5-fluoroisatin WO
2010/151740PCT/US2010/039942 A-1478 -PCT- 163 - (36.9,9,, 1.0 eq) in £tOH (100 mL) and
water (350 mL) WA SR RF BN BAOTS e SAean of Qe Sl Lokt
3-0x0-4-phenylbptainiirtéaribannatet(50-0ge 223 phanolyTidiredctioRanirtiffes was heated to 85 C
overnight and cooleg to rt. The reaction mixture was,co to remove &tQH and extracted with ether
(100 5mLx2). The fi trét@NNas cooled at 0 C and acigffied.with coned B0 mL). The dark
homogenous sol ﬁ)q ecame a light yellow su@aﬂ’fsi@m tek adjustiQg tg pH 4. The resulted yellow
solid was filtered figd in the air. A pale yeIIowE§ilid was_8ptainedNTo ik filtrate was added
sodium sulfate (300 g), and the q ixtwéWés i | ollowed hythe-Additian of 20 mL conc.
HC1. 10The mixture was $tirré 5 ashed with
cold water and drie 16 ¥ toGiIves 2-0 -(tert-butpxycarbonyl- F
amino)ethyl)-6-fluoré:3pyridin2-y1)quinoline-4-carboxylic acid as a pateyelw sdlitl. Overall
2-(1—(tert-butoxycarbonylamino)ethy0-6-fluoro-3-(Py1idin2-quuinoline-4-carboxyﬁg acid was obtained
as pale yellow solid. The racemic 152-0 . e :
-(tcrt-butoxycarbJl‘Maﬁ?fH&%ﬂfﬁ)(é:?ﬁj%‘?ﬁ?@f(spﬁwﬁﬁﬁﬁf%%ﬁiﬁi}ﬂﬁ%ﬂ?)eﬂ]yi)"6'ﬂu‘0m'3-

10 phenylquinoline-4-carboxylic acid (0.16 mmol) in DMF (1 mL} was added amine

(1.5 eq), DIEA (1.1 eq) and PyBop (2.2 eq) and the resulting mixture was stirred

at 1t for 1 h. The crade mixture was subjected to HPLC purification or preparative

TLC for purification.

The following compounds were synthesized according to general procedure F or
15 the procedure examplified by examples: 62, 63, 64 or 65.

Example 66:

2-—(—1-((6-Amin0-5~cyan0-4-pyrimidinyl)amino)ethyl)-é-ﬂuoro—N-methyl-3-

phenyl-4-quinolinecarboxamide

NH

K“N NH




carboxylic acid was submitted for chiral HPLC separation to obtain
(S)-2-(1-(tertbutoxycarbonylamino)ethy0-6-fluoro-3-(Pyridin-2-yOquinoline-4-carboxylic acid. Mass
Spectrum (E(S}I;Or{}}//eéﬁ&z (M 1). To a solution of POT/US2016/039942
2-(1-(tert-bmoxycar]bonylamino)ethyl)-6-fiuoro-3-(pyridin-2-AquinoIine-4-carboxyIic acid (1.3 g, 20 3.16
mmol) in DMF (10 nit) was added methanamine (3.16 mL, 6.32 mmol), PyBOP (4.11 g, 7.90 mmol)
and DIEA (1.21 mi., 6.95 mmo,PL_. The resulting mi_xli%rle was stirred at rt overnight. The solvent was

removed and dithdd With EIAL. The organic layer was washed with water (3x100 mL), brine and
dried over sodium sulfate. The crude residue w ] ombill rificali using 20-70%
EtOAc/ hexane t%ﬁMB@ﬂQ&@FD},OD) gppm ?%63&{2 ?ﬁ?gé% Es? Tpﬂ g% pg%c@}l,opl%s
1-(6-fluoro-4-(methylcarbamoy ER3 (Py¥idiTe 2ayDddirofifn2-y RBtRyI &dbamai a8 JWhite foam. Mass
Spectrum (ESI) m/e = 425 (M -1 1 ur idue,of tert-butyl
1-(6-f|uoro-4-(mg}1y1\é§%e§i 68%3“32%%&%@12%{ c?hgi*nOI}iz‘-Z-yl)ethylcarbamate (I g, 2.36 mmol) was
added 4N HC1/F4agiptapé (8 mL, 32.0 mmol). The resulting mixture was stirred 30at rt for 30 min.
The solventwasyenQyedand-sieime-{ parmninantiyhthfsiermyl)-6-fluoro-N,N-dimethyl-
N-methy1-3-(pyridin-2-yl)quinoline-4-carboxamide was used without further purification. Mass
Spectrum (ESI) mrhensh "ﬂﬁ‘ﬁ"i‘}?"’?%”ag"é&ﬁ'?t‘%% of 2-0- WO 2010/151740PCPUS2010/039942
A-1478 WO-PCT- 164 - aminoethyl)-6-fluord\iﬁbm/emyl-?;-(pyridin-2-yOquinoIine-4-carboxam dein
DMF (15 mL) was added 4-amino-6-chlorgpyritnidine-5-carbonitrile (0.364 g, 2.356 mmol) and D1EA
(1.231 mL, 7.07 mmol). The resulting mixtge as heated to 95 C for 2 h. The solvent was patrtially
removed. EtOAc was added and the mixture™ wa$hed with water (3x100mL), brine and dried over
sodium sulfate. The solvent was removed in vacte.gho.ptrified by combifiash using 30% (10:1 MeOW-
DCM)/DCM to afford 2-(1-(6-arnino-5-cyanopyrimid 'no)ethyl)-6-
fluoro-N-methyl-3-(pyridin-2-yl)quinoline-4-ca Yamide. After Ehiral HPLC separation (Isopropanol/
Hexane gradient, AD column) (S)-2-(1-(6-amirg=5- 1--~=q
Ocyanopyrimidin-4-ylamino)ethyl)-6-fluoro-N-mettﬁ/li.?,-(pyridin-2-y||quino|ine-4- carboxamide was
obtained. Example 88: (S)-2-(1-(6-Amino-5-cyanoRyrimidi inQ)ethyl |-6-fluoro-3-
(pyridin-2-yOquir§§i§ﬁ§@ﬂi{g%$8§§<£imﬁ%r%%e§ R, B oARng M

H, q, J=6.78 Hz) 724 (1 H, dd, /=9.19,2.54 Hz) 7.35 (5 H, m) 7.57 (1 H, td,

10 J=8.80,2.54 Hz)7.76 (1 H, ) 8.12 (1 H, dd, J=910, 5.38 Hz). Mass Spectrum
(ESI) m/e =456 (M + 1).
Example 68:
2-(1~({6-Amina-5-cyan0~4—pyrimidinyl)amino)ethyl}—ﬁ-ﬂuoro-NgN-dimethyl-

3-phenyl-4-quinelinecarboxamide

NH
2 ,/«,E\!

N= }
KN NH

15
'H{-NMR (400 Hz, CD;0D) 8 ppm 1.16 (3 H, d) 2.50 (3 H,5) 2.74 (3 H, 5) 5.51 (1

H, q. J=6.65 Hz) 7.26 (1 H, dd, J=9.29, 2.64 Hz) 7.34 (1 H, m) 7.43 (3 H, m) 7.50
(1H, m) 7.58 (1 H, m) 7.88 (1 H,5) 8.11 (1 H, dd, /=9.39, 5.28 Hz). Mass
Spectrum (EST) m/e = 456 (M + 1).



0 N'r'- 15 To a solution of (S)-2-(1-(tert-butoxycarbonylamino)ethy1)-6-fluoro-3-(Pyridin-2-
yfiquinoline-4-carboxylic acid (140 mg, 0.340 mmol) in DME (1 mL) was added PyBOP (390 mg, 0.749
mmol), DlEAESO'lx%]gs% 0.681 mmol) and ethanamine (0.340 mL, 0.681ppmmad) fdagdssulting mixture
was stirred at rt Tof %tOAc 20 was added. The organic solution was washed with water, brine and
dried over sodium sulfate. The solvent was removed in vacuo. The crude residue was purified via
combifiash using 50% EtOAc/hexane to obtain (S)-tegt-butyl 144-
(ethylearbamoyﬁié‘-‘ﬁ@&%gfﬁ@ridin-2-quuinoIiﬁ- -geethylcarbamate as light yellow oil. Mass
Spectrum (ESI) m/e = 439 (M + 1). To the light yellow oil (S)- 2 5 tert-butyl
1-(4-(ethy|carbamﬁlg-ﬁ%‘oro-s-(pyridin-2-yl)quinotin-2-yfiethy|carbamate (125 mg, 0.285 mmol) was
added 4N HC1(24¢toxat(é-(Enmie-32.8: mordofy aivei divey Hesnitial it rd 88l Bt rt for |h. Solvent was
removed and VW COISHANRGTBARLOIA0%2 he1478 WO PCT- 165
(S)-2-(1-aminoethyl)-N-ethy1-6-tluoro-3-(pyridin-2-yOquinoline-4-carboxamide was used without
further purification. Mass Spectrum (ESI) m/g £ 339 (M = 1). To a amide inin DMF (1 mL) was added
DILA (0.199 mL, 1.140 mmol) and 4-ami = gmzoropyrimidine-5-carbonitri|e (44.1 mg, 0.285 mmol).
The resulting mixture was heated to 95 C bve ight. The solvent was removed in vacuo and the crude
residue was purified via preparatory TLC usihg 5% MeOH/DCM to obtain (S)-2- (1
yOquinoline-4-carboxamide. 3H-NMR (400 Hz;CLC 6 Ppm 0.87 (t, 3 H) 1.43 10(d, 1=6.65 Hz, 3 H)
3.16- 3.27 (m, 2 H) 5.59 (q, 1=6,65 Hz, 1 H) 7.4 7.63-7.77 (m, 2 H) 7.92 - 8.03 (m, 2
H) 8.23 (dd, J=9.29, 5.38 Hz, 1 H) 8.74 (ddd| , 0.98 Hz, 1 H). Mass Spectrum (ESI) mie =
457 (M + 1). Example 89: (S)-2-(1-(6-Amino-5=&yanopyamidin-4-ylamino)ethyl)-6-fluoro-N-(2-
15hydroxyethyl)—3-(pyridin-2-y1MuinoIine-4-earboxa§mide

5  'H-NMR (400 Hz, CD:0D) 8 ppm 1.29 (3 H, d) 2.63 (3 H, 5} 2.86 (3H,s)5.64(1
H, q, /=6.72 Hz) 7.38 (1 H, dd, /=9.29, 2.64 Hz) 7.46 (1H,m)7.55(3 H,m) 7.62
(1H, m) 7.70 (1 H, m) 8.02 (1 H, m) 8.24 (1 H, dd, /=9.19, 528 Hz). Mass
Spectrum (EST m/e = 456 (M + 1).
Exampie 70:
10 2—((1S)-l-({6~Amin0-S-cyano-4~pyrimidinyl)amin(})ethyl)»6-ﬂuoro-N,x -

dimethyi-3-phenyl-4-quinolinecarboxamide

'H-NMR (400 Hz, CD;0D) & ppm 1.50 3 H, d) 2.65 (3 H,5) 2.78 (3 H, 5) 5.46 (1
H, q, J=6.65 Hz) 7.26 (1 H, dd, /=9.19, 2.74 Hz) 7.35 (5 t1, m) 7.58 (1 H, td,

15  J=8.80,2.74 Hz) 7.91 (1 H, ) 8.12 (1 H, dd, J=9.29, 5.38 Hz). Mass Spectrum
(ESI) m/e = 456 (M -+ 1).



NH2 NHBocNH BocNCN N L*N NH 2 stepsN ).- CO2H 0 NOH To a solution of
(S)-2-0-(tert-butoxycarbonylamino)ethyl)-6-fluoro-3-(pyridin-2- yOquinoline-4-carboxylic acid (100 mg,
0.243 mmo)) in DMF (1 mL) was added PyBOP (278 mg, 0.535 rnmol), RiA(Qeled350ky 0.729 mmol)
and 2-aminBCZYEtHAAS) (29.7 mg, 0.486 mmol). The resulting mixture was stirred at rt for 2 h. The
solvent was removed and EtOAc was added. The organic solution was washed with water, brine and
dried over sodium sulfate. Solvent was removed in vgcuo and purified via combifiash using 5%
MeOH/DCM to obtaf §SYRRButy! - 153~
1-(6-fluoro-4-(2-hydroxyethylcarbamoy1)-3-(pyridin-2-yequinolin-2-yDethyl- 2 5carbamate as a dark
yellow oil. Mass@‘ﬁé'&ﬁ?érﬁl(ESI) rine = 455 (M + 1). To the dark yellow oil (S)-tert-butyl
1-(6-fluoro-4-(2-hyaraxgesRyicesiamOy-B)iBie pyrdih-2yyodidinslirrhymdidaindingle (50 mg, 0.110

mmol) was addeegi4l£\5 HClé%,ég%pm%gchm%&mmol). The resulting mixture was stirred at rt for
WO 2010/15174 }Pf§ 10/039942 A-1478 WO-PCT- 166 - 1 h. Solvent was removed and the

crude (S)-2-(1 -aminoethyl)-6-fluoro-N-(2-hy@-4oxyethyl)-3-(pyridin-2-yOquinoline-4-carboxamide was
used without further purification. Mass Spg ’(ESI) m/e = 355 (M + 1). To a solution of the crude
(S)-2-(1-aminoethyl)-6-fluoro-N-(2-hydroxygthyl)-3-(Pyridin-2-y1)quinoline-4- carboxamide in DMF (1
mL) was added DIEA (0.058 mL, 0.330 mm&) and 4- amino-6-chloropyrimidine-5-carbonitrile (17.00
mg, 0.110 mmol). The resulting mixture was hedtesd 5 Gy The solvent was removed and purified via
prep- aratory TLC using 5% IVIeOHIDCM to ohtai
(S)-2-(1-(6-amino-5-eyanopyr-imidin-4-ylami
line- 1 0 4-carboxamide. 1H-NMR (400 Hz, C )
3.37 (m, 2 H) 5.52 (q,1=6.72 Hz, 1 H) 7.46 (ddd"f=7.68, 4.9
(7M97|)(.r7|15’x§12%|8e' é%f%?wk?é%g 02801505 SR &8 d9 A8 Haek A MassPPearHm(Es!) mie = 472
(2 H,m) 3.02 (1 H, m) 3.58 (1 H, d) 5.49 (1 H, q, /=6.72 Hz) 5.69 (1 H, q, /~6.72

Hz) 7.46 (9 H,m) 7.67 (2 H, m) 7.87 (1 H, m) 8.03 (1 H, ) 8.23 (1 H, dd, J=9.19,
5.28 Hz). Mass Spectrum (ESI} m/e = 482 (M + 1).

Example 72:
10 4—Amino~6—((—I~(6-ﬂuur0-3»phenyl—4-(l-piperazinyicarbony])—Z-quimlinyl)—-
ethyl)amino)-5-pyrimidinecarbonitrile

NH
2 //N

N7 |
i{\N NH

NH

"H-NMR (400 Hz, CD:0D) 8 ppm 1.28 (3 H, d) 2.50 (1 H, 8} 2.71 (1 1, d,

J=1624Hz)2.94 (1 H, d, /~7.04 Hz) 3.15 (1 H, m) 3.68 (1 H, d, /=7.24 Hz) 3.85
15 (1H,8579(1 H,d,/=6.65Hz)7.51 (2H, m)7.61 3H,m) 771 2 H, m} 8.15

(1H,s)826 (1 H,dd, /=9.19, 5.28 Hz). Mass Spectrum (ESTy m/e = 497 (M +

1)



1 5(S)-2-(1-(6-Amino-5-eyanopyrilflid111-4-ylaminO)ethyl)-N-eyelOprOpyl-6-
fluoro-3-(pyridin-2-yDquinoline-4-carbOxamide NH2 N CN -- NHBocNk NH 2 steps:N2 steps -lI- N --
1-----... ,..02 To a solution of (S)-2-(1-(tert-butoxycarbonylamino) 0- =3-(pyridin-2-
ypquinoline‘-%gcfvawﬁfc}%ﬂi‘@ acid (100 mg, 0.243 n-unol) in DMF (1 mL) Wasga (lee!esgﬂggj%%é%P (278 mg,
0.535 mmol), DIEA (0.085 mL, 0.486 mmol) and cyelopropanamine (0.034 mL, 0.486 mmol). The
resulting mixture was stirred at rt for 2 h, followed by the addition of EtOAc. The organic solution was
washed with waterl biin® @rit-dried over sodium s‘dl%ﬁté. The solvent was removed and the crude
residue purified via combifiash using 50% EtOAc/Hexane to obtain a yellowish 25foam (5)-tert-butyl
1-(4-(cyc|opropy@éﬁi‘ﬁé?n@l)-&ﬂuoro-3-(Pyridin-2-y|)quin- olin-2-ypethylcarbamate. Mass Spectrum
(ESI) m/e = 451 {M miboTo(thes ye hoataan {phtentibli(§piperazinylcarbonyl)-2-
1-(4-(cyclopropylcarbampyd )-8 uor0 SR N2 MRiaHE0/151740PCT/US2010/039942

NH
2 ,}N

N* ‘
IQ‘I\] H

13

L_NH

5  'H-NMR (400 Hz, CD;0D) 8 ppm 1.30 (3 H, d)2.52 (1 H, m) 2.72 (1 H, m) 2.97
(1H,m)3.17 (1 3, m)y 3.28 (1 H, m) 3.71 (1 H, m) 3.89 (1 H, ddd, J=14.48, 7.53,
342 Hz) 5.82(1 H, q, /=6.85 Hz) 7.52 3 H, m) 7.62 2 H, m) 7.71 {Z H, m) 8.26
(2 H, m). Mass Spectrum (ESIT) m/e = 497 (M + 1).
Example 74:
10 4-Amino-6-((1-(6-fluoro-4-((4-metbyl-1-piperazinyhearbonyl)-3-phenyl-2-
quinolinyDethyl)amino}-S-pyrimidinecarbonitrile

NH

NZ 1
l\\N NH

N
LN

TH-NMR (400 Hz, CD;OD) & ppm 1.27 (3 H, d, J=6.7Hz) 2.76 - 2.90 (4 H, m)
487492 (4H, m)5.71 -5.81 (1 H,m)7.51 (2H,d,J=9.2 Hz) 7.60 (2 H, br.

15 5)7.65-7.76 31, m)8.13 (1 H, 8) 8.25 (1 H, dd. J=9.3, 5.4 Hz). Mass Spectrum
(ESTym/e =511 (M + 1),



A-1478 WO-PCT- 167 - yl)quinolin-2-yl)ethylearbamate (85 mg, 0.189 mmol) was added 4N HC1/1,4-
dioxane (1 mL, 32.9 mmol). The resulting mixture was stirred at ft for Ih. The solvent was removed and

the crude (§\?-2-§1-aminoethyl)-N-cyclopropyl-6-fluoro3-(pyridin-2-y|)qui@gl}p§sgggg@%§mide was
used witholt fuff ?‘u%lr%ﬁ@r(l)fcation. 5Mass Spectrum (LSI) rn/e = 351 (M + 1). To a solution of
(S)-2-(1-aminoethyl)- N-cyclopropy1-6-fluoro-3-(pyridin-2-yl)quinoline-4-carboxamide in DMF (I mL)
was added DIEA (0.099 mL, 0.566 mmol) and 4-a igo-6-ch|oropyrimidine-5- carbonitrile (29.2 mg,
0.189 mmol). Th%‘?’é%l%ﬁﬁ;ture was heated tdrg% C. After the solvent was removed, the crude
residue was purified using 5% MeOH/- 1 0 DCM with preparatory TLC to obtain
(S)-2-(1-(6-aminB¥8IBP¥n Gy rimidin-4-)4-
amino)ethy!)-N-cyalapnopsA@-ilcdhos Se(RydinephOpyinatibengicarbbsarhittaumINKR (400 Hz,
CD30D)S ppm Oé%%ggh%o ) Qi dfiflealmdnadnd-37 Hz, 2 H) 1.40 (d, J=6.65 Hz, 3 H) 2.65 (d,
J=7.34, 3.57 Hz, 5.55(g, J=6.52 Hz, | H) 7.46 - 7.66 (m, 3 H) 7.66 -7.78 (m, 1 H) 7.91 (s, 1 H)
7.96 (td, J=7.73, 1.76 15Hz, 1 H) 8.21 (dd,lN 229,1%.38 Hz, 1 H) 8.71 (td, J=2.54, 0.98 Hz, 1 H). Mass
Spectrum (ESI) m/e = 469 (M + 1). The faol|6Wi 6xamp|es were synthesized by following procedures
examplified by examples 87A and/or 87B.lEx ‘ ple 91:
202-1-(16-Amino-5-cyano-4-pyrimidinyllamiﬁb)e l§}I)-6-f|uoro-3-(2-pyridiny1)- 4-quinolinecarboxylic
acid ki-i0 1H-NMR (400 Hz, CD30D) 8 ppra 148 (3 5.65 (1 H, m) 7.62 (I H, ddd, J=7.78,
5.14, 0.98 Hz) 7.76(3 H. m) 8.10(2 H, m) 8.2 ' (L H, d, 25 J=5.09 Hz). Mass Spectrum
(ESI) m/e =430 (M + 1). WO 2010/151740 9942 A-1478 WO-PCT- 168 - Example 92:
2-(-14(6-Amino-5-eyano-4-pyrimidinyl)amino 8- Ttuoro-N-methyl-3-(2-
pyridiny1)-4-quinolineearboxamide NH2 CN jeNFI

O

5  'H-NMR (400 Hz, CD-OD) & ppm 1.66 (4 H, d) 3.03 - 3.29 (4 H, m) 3.42-3.54
(2H.m)3.58-3.75 (2 H, m) 5.54 (1 H, q. /=6.52 Hz) 741 (1 H, dd, /=9.10, 2.64
Hz) 7.44 - 7.62 (4 H, m) 7.68 (1 H, ddd, /=5.29,8.31,2.74 Hz) 7.81 (1 H, 8} 7.97
(1 H,s)823 (1 H,dd, /=9.19, 5.28 Hz). Mass Spectrum (EST) m/e = 498 (M +
).
10  Example 76:
4~Amino-6—{(—1-(6~fiu0r0~4—(4—m0rpholinyk:arbonyi)-’.S-phenyl-z-quin{)linyiy

ethyl)amino)-5-pyrimidinecarbonitrile

NH
2 ,;,N

N= I
K\N NH

N

L_o
TH-NMR (400 Hz, CD:0D) 8 ppm 1.28 (2 H, d) 2.92 (1 H, d, J=5.67 Hz) 2.95 -

15  3.11(2H,m)3.14-327 (1 H, m)3.35-342 (1 H.m)3.46-3.56 (1 H, m) 3.56 -
3.76 (2 H, m) 5.76 (1 H, q, J/=6.78 Hz) 7.42 (1 H, dd, /=9.19, 2.74 Hz) 7.50 - 7.64
(4 H, m) 7.68 (1 H, ddd, /=9.19, 8.22,2.74 Hz) 7.78 (1 H, s) 8.14 (1 H, 58231
H, dd, ./=9.19, 5.28 Hz). Mass Spectrum (ESI) m/e = 409 (M + 1). Mass
Spectrum (ESI) m/e = 498 (M + 1).



511-1-NMR (400 Hz, CD30D) 8 ppm 1.43 (3 H, d) 2.70 (3 H, s) 5.60 (1 H, §,1=6.65 Hz) 7.52(2 H, m)
7.64(1 H, d, J=7.83 Hz) 7.71 (1 H, m) 7.97(2 H, m) 8.24(1 H, dd,1=9.29, 5.38 Hz) 8.73 (1 H. m). Mass

Spectrum (ESI)zsg?(i)/ng?Aai% (M 1). Example 93: PCT/US2010/039942

2-((i14)-1-((%]3\m|n0- -eyano-4-pyrimidinyl)amino)ethyl)-6-fluoro-N-methyl-
103-(2-pyridiny0-4-quinOlineCarbOxamide NH2 NCN NH 0 NH 'H-NMR (400 Hz, CD)0OD) 6 ppm 1.43
(3H,d)2.70(3H, s) 5.60%} H iEI1,1=6.65 Hz) 7.52(2,1d, m) 7.65 (1 H, m) 7.72 (1 H, m) 7.98 (2 H, m)
8.24(1H,dd, AL8739V8 3 M7) 8.74(1 H, ddd, J2X69, 1.76, 0.98 Hz). Mass Spectrum (EST) 15 Rik
=443 (M 1). WO 2010/151740PCT/US2010/039942 A-1478 WO-PCT- 169 - Example 94:
2-(1-((6-Amino-SE&FHMYeAL fyrimidinyl)amino)ethyl)-6-fluoro-N,N-dimethyl-
3-(2-pyridinyl)-4-¢usindhineegiboxdnmide- N3 RHI-R 7o IND NS KD 0Bz, CD30D) 6 ppm
1.32 (3 H, d) 1.57,(3 1} A ;7880 5@k $1£3dR 0)-5-pyrimidinecarbonitrite

N
2 //—N

N= |
K‘N NH

)
5 'H-NMR (400 Hz, CD:0D) & ppm 1.54 (d, /=6.65 Hz, 3 H) 2.84 - 2.97 (m, 1 H)
298 -3.16(m, 1 H)3.16-3.28 (m, 3 H)3.59-3.82(m, 1 H)5.51-5.64 (m, 1 H)
7.33-7.51 (m, 4 H) 7.64 - 7.78 (m, 2 H) 8.00 - 8.05 (m, 1 H) 8.08 (s, 1 H) 8.24
(ddd, J=9.10, 5.48, 3.23 Hz, 1 H). Mass Spectrum (EST) m/e =498 (M + 1).
Example 78:
10 4—Amino-6-((-1-(6~ﬂu0r0-4-(((3S)-S-hydmxy-1-pyrrolidinyl)carbonyi)~3-

phenyi»Z-quinoliny])ethy})amino)-s-pyrimidinecai‘bcnitrile

NHy
N -
N |

N NH

/N
SPoe
" o
'H-NMR (400 Hz, CD;0D) § ppm 1.27 (d, 2 H) 1.65 {d, J=6.65 Hz, 3 H) 2.96 -
3.13 (m, 1 H)3.13 - 3.32 (m, 2 H) 343 - 3.56 (m, 1 H) 3.56 - 3.77 (m, 1 H) 5.48 -
15 5.60 (m, 0 H) 5.76 (q, J=6.85 Hz, 0 ) 7.38 - 7.62 (m, 4 H) 7.62 - 7.72 (m,
J=9.19,827,2.91,2.91 Hz, 1 H) 7.77 (s, L H) 7.96 (s, 1 H) 8.14 (5, 1 H) 8.19 -
8.29 (m, 1 H). Mass Spectrum (EST) m/e = 498 (M + 1),



H, s) 2.73 (3 H, s) 5.58(1 H, q,,/=6.68 Hz) 5.72(1 H, q"1=6.60 Hz) 7.44(3 FL m) 7.56(1 H, dd, 1=7.09,
5,14 Hz) 7.62 (2 El, dd,J=14.06, 7.70 Hz) 7.73 (2 H, m) 7.88(1 H, s) 7.93 (1 H, td,1=7.83, 1.71 HZ)

8.01 (2 H, dd, J=11.55, 9.23, 5.38 Hz) 8.71 (1 El, d,1=4.8%:Hg};$:éfaldstdesl,1=4.89 Hz)
Mass 108&@0@#&%@@% m/c = 457 (M + 1). Example 95: o

4-Amino-6-((1-(6-flum-o0-4-(1-piperazinylearbony1)-3-(2-pyridiny1)-2-
quinolinyflethyDamino -5-&/rimidineearb0n1trile NHZ2.CN L"-N NH 151 H-NMR (400 Hz, CD:30D) 8

ppm 5.33 (3 H, d* 12868 Y5548 (3 H, d. J=6.85 FZ) 6.76(2 H, m) 7.33 (4 H, m) 7.77(2 H, m) 9.59(1

H. g, J=6.85 Hz) 9.7%%81 g, 1=6.78 Hz) 11.50(2 H, m) 11.70(2 H, m) 11.96(2 H, m) 12.24(1 H. ddd,

1=12.67, 9.24, 528" 73 (1 H, at). Mass Spectrum (EST) mie = 498 (M + ). WO

2010/151740PCHUBA0L6/IBI04Rigea-47G YRS patroryol -Imxpptigiadisarbonyl)-3-

4'AminO'G'(((lR%iﬂ'é(]Qflwa{ﬁﬁ%ﬁﬁél Hipainl e 7igiRhcBReRInsiRe (rotomer of
pyridiny1)-2-quinolinyl)eth I?amino -5-pyrimidineearbonitrile NH2 CN NH ON OH 51H-NMR (400 MHz,
DMSO-d6) 6 ppri* 2P Hd, J=6.65 Hz) 1.27(3 H, d, 1=6.65 Hz) 1.43 (1 H, dd, 1-12.13, 6.65 Hz)
3.66 (OH, s) 3.82(1 H, br. s.) 4.04(1 H, s) 4.ﬁ(OHNd,1=5.28 Hz) 4.25 (OH, m) 4.43 (OH, br. s.) 5.50(0
H, d, J=5.67 Hz) 5.78 (OH, dd, J=6.55, 2. “44(1 H, d, 1=5.09 Hz) 7.54(3 H, m) 7.88

'H-NMR (400 Hz, CD:0D) & ppm 1.30 (d, 3 H) 2.88 -3.13 (m, 2H) 3.2] (td,
J=7.48,3.62 Hz, | H)3.52(d, J=5.87 Hz, 1 H) 3.58 - 3.73 (m, 2 H) 5.77 (g,
J=6.78 Hz, 1 H) 7.44 (dd, J=9.19,2.54 Hz, 1 H) 7.49 - 7.65 (m, 5 H} 7.70 (td,
J=8.71,2.74 Hz, 1 H) 8.19 (5, 1 H) 8.24 (dd, J=9.29, 5.18 Hz, | H). Mass

10 Spectrum (EST) m/e = 498 (M + 1),
Example §C:
4-Amin0-6»«((1—(4-((1,I—di0Xid0—4-thi0m0rphoiinyl)carbony‘l)-ﬁ-ﬂuoro-&
phenyl-2-quinolinylethyl)amino}-5-pyrimidinecarbonitrile

NH
2 ,}N

l%N NH

N

O
15  H-NMR (400 Hz, CDsOD) 8 ppm. 1.39 3 H, d, J=6.65 Hz) 1.66 (0 H, d, J=7.24
Hz) 1.87 (1 H, m) 2.00 (4 H, m)3.17 (1 H, m) 3.50 (1 H, m} 491 (1 1, m} 7.39 {1
H,s) 7.51 (1 H, dd, /=7.24, 1.17 Hz) 7.64 (1 H, d, /57.63 Hz) 7.75 (1 H, m) 7.84
(1H,3)7.91(1 H,5)800(1 H,d, J=841Hz) 824 (1 H,8)832 (1 H, m). Mass
Spectrum (ESI) m/e = 546 (M + 1).



(IH, m) 7.97 (1 H, in) 8.18 (1 H, m) 8.73 (1 H, m). Mass Spectrum (ESI)m/e = 10485 (M + 1). Example
97: (S)-2-(1-(6-Amino-5-eyanopyrimidin-4-ylamino)ethyl)-N-unethyl-3-phenylquinoline-4-earboxamide
NH2 NHBog L-N INFQ%%eps CON HMe Tert-butyl POT/US2010/630942
1-(methoxy¥¥ne%ﬂy amino)-1-oxopropan-2-ylcarbamate (10.00 g, 43 mmol) in THE (80 mL) was cooled
to -40 C with MeCN and dry ice, and slowly charged with isopropylmagnesium chloride (2.0M, 20.45
mL, 0.95 eq). After WO 2010/151740PCT/US20101039942 A-1478 WO-PCT- 171 - addition of all
reagents, a clear’sbiitiol WS bbtained but quickrylg came milky. Benzylmagnesium chloride (2.0 M,
21 53 mL, 1 0 eq) was added dropwise with stirring at it for 4 h. The reaction mixture was quenched
with NH4CI solutiABRI &kiracted with EtOAC (200 mLx2). The combined organic layers were washed
Swith water, briné.Adriteh @ve( Selividh §UiTatén i dndat hivehpupifidihbh cobiifibshfEe@Adhexane, up to
113) to give teft'gygg,ﬁﬁédﬂgf}ai%ﬂf@&-ﬁ;ﬁ{ﬁﬂ}ﬂﬁg; - Xlearhamaie as-adale yellow oil, which became a
r

white solid after drying under high vacuum. Mass Spectrum (ESI) m/e = 264 (M 1). tert-Butyl 3-ox0-4-

eq) in EtOH (5 mL) and water (5 mL) werey

(pyridin-2-yl)butan-2-ylcarbamate (1.00 g, BWmmot), KOH (0.426 g, 2.0 eq) and 10isatin (0.559 g, 1.0
?ﬁ;ﬁ t85C

N7
K/S‘go

5 'H-NMR (400 MHz, DMSO-ds) 8 ppm 1.32 3 H, d, /=6.65 Hz) 2.34 (1 H. {,
J=1.86 Hz) 2.68 (1 H.d, /~1.76 Hz) 3.44 (1 H, 5) 3.6]1 (3 H,s)5.39 (1 H.
J=6.85 Hz) 726 (1 H, br. 5.) 7.36 (1 H, m) 7.49 (3 H, m) 7.60 (1 H, dd, /=9.59,
2.74 Hz) 7.82 (1 H, m) 7.93 (1 H, s) 8.18 (1 H, dd, /=9.19, 548 Hz). Mass
Spectrum (ESI) m/e = 546 (M + 1).

10  Example 82:
4- Amine-6-(((18)-1-(4-((1,1-dioxido-4-thiomorphelinyDearbenyi)-6-fluoroe-3-

phenyl-2-quinolinylethyhamino)-5-pyrimidinecarbonitrile (rotomer of

Example §1)
NH,
NP CN
|

(N ~0

-

C' o

15 'H-NMR (400 Hz, CD;0D) & ppm 1.55 (3 H, d, J=6.65 Hz) 3.38 (4 H, m) 4.89 (4
1, m) 5.70 (1 H, q, J=6.65 Hz) 6.48 (1 H,m) 7.52 (2 H,m) 7.71 (7 H, m) 7.84 (1
H. ddd, /=920, 8.31, 2.74 Hz) 8.05 (1 H, m) 8.12 (1 H, ) 8.37 (1 H, dd, .J=9.39,

5.28 Hz). Mass Spectrum (ESI) m/e = 546 (M + 1}.



overnight. After cooling to it, the reaction volume was reduced to 4 mL and extracted with ether twice.
The filtrate was acidified with coned HC1 to pH 3-4 until no solid was further formed. The solid was
filtered, washed with water and dried in the air to give a yellow solid, 2-0 . g

-(tert- butox%gr%%%‘rémno)ethyl) 3- 1 5phenylquinoline-4-carboxylic ac:lé) Cﬁ%@é“g}é‘?@?f&m (ESI) m/e =
393 (M + 1). To a solution of 2-(1-(tert-butoxycarbonylamino)ethyl)-3-phenylquinoline-4- carboxylic
acid (0.3 g, 0.76 mmol) in DMF (6 mL) was added PyBop (0,875 g, 1.68 rnmol), DIEA (0.134 mL,
0.764 mmol) and*métitalfainitd (0.573 mL, 1.15 mmbl; 2M). The resulting mixture was stirred at room
temperature overnight. 20 The solvent was removed in vacuo and replaced with EtOAc. The resulting
solution was wadhi@dMePWater, brine and dried over sodium sulfate. The solvent was removed in
vacuo and the cudenesidug Isibfbeted - 1o(Gonylittashipardictitivhcm - beoylpé-teredudtit
I-(4-(methylearbamo enylauinglin-2- as a white solid. Mass Spectrum (ESI)
m/e = 406 (M + fl) "FXHI SI)EH‘R}%%%@E Hq@l){%%@g?gg}%%@%}% -phenylquinolin-2-y1)ethylearbamate
(87 mg, 0.215 mmot) was added 4M HC1/1, H@IO}@{]G (2 mL, 4 mmol) and the resulting solution was
stirred at rt for 1 h. The solvent was remo the crude
2-(1-aminoethyl)-Nmethy1-3-phenylquinolige-4zcarboxamide was used without further purification.
Mass Spectrum (ESI) m/e = 306 (M + 1). To™a sdjfition of the crude 2-(1-amino- 3
Oethyl)-N-methy1-3-phenylquinoline-4-carboxanfidte#T R
amino-6-chloropyrimidine-5-carbonitrile (33.2 mg, O .
resulting mixture was stirred at 100 C for 1 h 0/151740PCT/US2010/039942 A-1478
WO- PCT 172 - After the solvent was remov : ghrced pressure, EtOAc was added and the

in vacuo and the crude residue was pUI’Ierd with chiral HPLC (Isopropanol/ Hexane gradient, AD
column) to psovidEH{SME- (204G Hania:0D) 8 ppm 1.32 (3 H, dd, J=6.65, 1.17 Hz) 1.63 (2 H, m)

S5-cyanopyrimidify yiamingiei-N-meih-frRhen wcy«y?pmfﬁ@mwm@e A114-NMR (400 Hz,
CD30D) 6 ppm 1.37

.66( 5.52 ), 7 m 1 H. m), 7.85
(2H, m), 7.97 (1 14, :)6 @‘ﬁé@sllﬁzéls %)éll ﬁés@%é}f‘égn% glé] ﬁ%ﬁﬁi H& ig%B( ). "Example 98:
10(S)-2-(1-(6- Amefoeyagwrmmm-Hﬁyiammeﬂ%yl)}B anospbmmyﬁsn m/e = 484
phenquuinoline-é{) xamide CONHMe Tert-butyl 3-oxo-4-(pyridin-2-yObutan-2-ylcarbainate was
obtained for the route escrlbed above. A solution of Tert-butyl 3-oxo-4-(pyridin-2-yl)butan-2-yl-
15carbamate (1.00xgn®18 Bdmol), KOH (0.426 g, 2.0 eq) and 7-fiuoroisatin (0.627 g, 1.0 eq) in EtOH (5

mL) and water (Sm&a‘m%r@..a@m@ #-fa decoy(Rigii-fiel coetingig)chrifimiepstidierdlume was
reduced to 4 mL and extracted with Et2Q twice, T flltrarée W%\S acidified with concd HC1 to pH 3-4

until no solid was%ﬁHHbQ‘WHFéHV rgg i Rae e a‘\‘/vas Wlth water and dried in the air to

NHZ N
7

T

TH-NMR (400 Hz, CD30D) 8 ppm 1.26 (3 H, d, /=6.65 Hz) 1.54 (2 H, dd,

15 =7.63, 6.65 Hz) 3.52 (3 H, m) 3.72 (1 H, m) 3.91 (3 H, m) 4.07 (0 H, ddd,
J=10.03, 6.70, 1.08 Hz)4.19 (1 H, m) 4.39 (1 H, m) 4.57 (1 H, m) 5.49 (1 H, m)
5.67 (1 H, qd, J=6.65,2.54 Hz) 7.53 (11 H, m) 7.69 (3 H,m) 7.88 (1 H, d, /=528
Hz) 8.02 (1 H, d, /=1.37 Hz) 8§23 (2 H, m). Mass Spectrum (ESI) m/e = 484 (M
+1).



20give a yellow solid 2-0 -(tert-butoxycarbonylamino)ethyl)-8-flu0r0-3-phenyl- quinoline-4-carboxylic
acid. Mass Spectrum (ESI) m/e =411 (M 1). To a solution of
2-0-(tert-butoxycarbonaélamino)ethyl)-8-f|uor0-3-PhenquuinOIine-4- carbgxylicasighids39 9, 0.73
mmol) in DME Y s added PyBop (0.837 g, 1.61 mmol), DIEA (0.128 mL, 0.731 mmol) and
methanamine (0.548 m L, 1.1 2 5 mmol, 2 M). The resulting mixture was stirred at room temperature
overnight. WO 20101151740PCT1US20101039942 A-1478 WO-PCT- 173 - The solvent was
removed in vacud &hd th&cklde residue was sub]e[ét%d to combiflash purification to provide teit-butyl
1-(8-fluoro-4-(methylcarbamoy1)-3- phenylquinolin-2-yeethylcarbamate as a white solid. Mass
Spectmm (ESI) %@D‘&é’é‘(l\n +1). To tert-butyl 1-(8-fluoro-4-(methylcarbamoy1)-3-phenylquinolin-2-
yl)ethylcarbamate 4280 v Q-66-Hmoraok) ((Bamedtcieg-Idzei Gy Medibrapb-§inind-fnmol) and the
resulting solution stir(r}?(l:i1 ‘qiﬁ]'ﬂ @%J%@ﬁﬁ%mgmm‘ﬁg and the crude

yl-3-phenylqu

rt f
2-(1-aminoethyl)gél}ﬂuo}rg-ﬁ?g}rhe qmlllnoline-4-carboxamide was used without further

purification. Mass Spectrum (ESI) mie = 32 + 1. To a solution of
2-(1-aminoethyl)-8-fluoro-N-methy1-3-ph iff0line-4- 10 carboxamide in DMF (2 mL) was added
4-amino-6-chloropyrimidine-5-carbonitrite K\\loﬁm, 0,661 mmol) and DIEA (0.346 mL, 1.984 mmol).
The resulting mixture was stirred at 100 C. Bt0AEWas then added and the organic layer was washed
with water, brine and dried over sodium sulfate- ent,was removed in "acuo and the crude
residue was purified by chiral HPLC (isoprop- gradient, AD column) to provide
(S)-2-(1-(6-amino-5-cyano-
pyrimidin-4-ylamino)ethyl)-8-fluoro-N-methy1 efiytousinoline-4-carbox-amide. 'H-NMR (500 Hz,
CD30D) 6 ppm 1.39 (3 H, d,1=6.60 Hz), 2.65 (3 H, s), 557 thH, 9,1=6.20 Hz), 7.43 (1 H, m), 7.54(5
H, m), 7.65 (2 H, m), 7.95 (1 H, m). (ESI)= 442 (M + 1). 20 Biological Assays Recombinant expression
of PI3Ks Fulblen{thro406 ihits Br PIBIdarts had 6 N-termfratyiradetddwitripdioHs tag, were

coexpressed with;pB83 yith fa ﬁ&osw ysexpressianiyesiorinsiy insect callsi i 30/p8b heterodimers
were purified by sequential NI-NTA, Q-HP, 25Superdex-10Q0 togr, _Purifi , pand 6
isozymes were storetPs>- B th Lot ) E,,Zﬁfldie?m%%ggﬁgfg;o Iygg%%grg&%ﬁ 2mIM Na
cholate. Truncatey PI8KArresiduas Hl4:110RsN\stenmimalliiSabeled with (pblyHis tag, was expessed
with Baculo virusérxl Hi5 in§§_ct cells. The y isozyme was purified by sequential Ni-NTA, Superdex-200,

Q-HP chromatograﬁhmf?lfhe y isozyme was 30 stored frozen at -80 C in NaH2PO4, pH 8, 0.2M NacCl,
1% ethylenaQlycdi(ifivatrndreapiscthromidiadranineyaseyb-orfgor ik (4-

morpholinyl)ethyl)-3-phenyl-4-quinolinecarboxamide
NH-

//N

N* i
k‘N NH

o ﬁ’\
)
o
'HANMR (400 Hz, CD;0D) 8 ppm 1.4 (3 H, d, J=6.63 Hz) 2.80 (2 H, td, J/<6.85,
3.13 Hz) 3.38 (2 H, m) 3.56 (2 H, m) 4.83 (3 H, m) 5.58 (1 H, g, J=6.65 Hz) 7.48

15 (1 H,m)7.57 (5H,m)7.71 (1 H, d, /~8.80, 2.74 Hz) 8.05 (1 H, s) 8.24 (1 H, dd,
J=9.29, 5,38 Hz). Mass Spectrum (ESI) m/e = 541 (M + 1).



Beta Deltagammal 50 mM Tris pH 8 pH 7.5 pH 7.5. pH 8 MgC12 15 mM 10 niM1 10 mM 15 mM Na
cholate2mMM 1 mM 0.5 mM'2 mM DTT 2 mM 1 mM1mM 2 inaM

WO 2010/151740 PCT/I182010/039942

A-1478 WO-PCT - 361 -

Example 87A:
2——(1~(6-Amin0-5-cyanopyrimidin-éi-yiamin o)ethyl)-6-fluoro-N-methyl-3-
(pyridin-2-yDquineline-4-carboxamide

NHp NHp NH2

N -~
i

5 Toa solution of methyl 2-(1 -(6-amino-5-cyanopyrimidin-4-ylaminojethyl)-6-
fiuoro-3~(pyridin-2-yhquinoline-4-carboxylate (2 g, 4.51 mrmol) in 20 mL
pyridine was added Lil (1.81 g, 13.53 mmol). The resulting mixture was heated
to 100 °C overnight. Solvent was removed and the crude residue was subject to
combiflash using up to 20%MeOH/DCM to obtain 2-(1-(6-amino-5-cyano-

10 pyrimi din-4-y1amino)cthyl'}—éuﬂuom%—(pyridin-Z-yi)quinoline~4wcarboxylic acid
as a brown solid. The pure material was purified by chiral HPLC (Isopropanol/
Hexane gradient, AD column) to obtain (8)-2-(1-(6-amino-5-cyanopyrimidin-4-
ylamino)ethyi)~6-ﬂuoro-3-(pyridin~2-yi’)q_uinoli.ne—4-carboxylic acid. Mass
Spectrum (ESI) m/e =430 (M + 1). Toa solution of (S)-2-(1-(6-amino-5-cyano-

15 pyri.midin—4-ylamino)ethyl)~6-ﬂ'uor0~3-(pyridin~2~yi)quinoline~4-ca1‘b0xy1ic acid
(100 mg, 0.233 mmol) was added methanamine (14.47 mg, 0.466 mmol), N-ethyl-
N-isopropylpropan-2-amine (60.2 mg, 0.466 mmol) and PyBop {267 mg, 0.512
mmol). The resulting mixture was stirred at it overnight. The solvent was
removed and dissolved in FtOAc. It was washed with water, brine and dried over

20 sodium sulfate. After removal of the organic phase in vacuo, the crude residue
was subjected to HPLC purification and preparatory TLC purification using 2%
MeOH/DCM with satd ammonia to afford (S)-2-(1 ~(6-amino-3-cyanopyrimidin-4-
ylamino)ethyl)~G—ﬂuom—N»«methyi—S»~(pyridin—?.wyl)quin()linc—4—carboxamide. 'H-
NMR (400 Hz, CD;0D) § ppm 1.43 (3 H, d) 2.70 (3 H, 5) 5.60 {1 H,q, /=6.65

25  Hz)7.52 (2 H,m)7.64 (1 H, dt, =782, 1.17 Hz) 7.71 (1 H, dd, J=2.84, 1.08 Hz)
7.96 (2 H, m) 8.24 (1 H, dd, /=9.29, 5.38 Hz) 8.73 (1 H, m). Mass Spectrum
(ESTy m/e =443 (M + 1).



ATP |uM 0.5uM 0.5 uM 1 uM PIP2 none 2.5 uM, 2.5 uM? none I? , time Ib 2h 2h |b [En
40 nM 15 nM1 50 nM 1' 1 [Enzyme] 15 nM
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Example 87B:
(S)-Z-(l-(6-Amino-5-cyan0pyrim§din-4~yiamino}ethyi}-ﬁnﬂuorouN-methyi—3-

(pyridin-2-yDguinoline-4-carboxamide

O 0 NiBoc
>l\O/U\§_\__3H (}}/ >LO/U\§H N

-
i
/\I]/N\—mvsw l\__.._;...\ Z F
0 O Nz 1/N CO,H

tert-Butyl 1-{(methoxy{methy})amino)-}-oxopropan-2-ylcarbamate (50.0 g, 215
mmol) in THF (450 mL) was cooled to -40 °C (dry ice/acetonitrile) and slowly
charged with isopropylmagnesium chloride (2.0 M, 102.2 mL, 0.95 eq). Aftera
clear solution was obtained (became clear at -20 °C and milky again at -40 °C),
bromo(pyridin-2-yimethylymagnesium solution (see below for preparation) was
added drop wise using cannula before warming to 1t overnight. The reaction

mixture was quenched with NH4Cl solution and extracted with EtOA< (500

mLx2). The combined organic layers were washed with water, brine, dried over
sodium sulfate, and concentrated under high vacuum to give (S)-tert-butyl 3-oxo-
4-(pyridin-2-ylybutan-2-ylcarbamate as a tan oil. (Small scale reaction was
purified by combiflash (EtOAc/hexane, up to 1/3) to give a red oil. Mass
Spectrum (ESI) m/e = 265 (M + 1).

Bromo(pyridin-2-ylmethyljmagnesium

To a solution of picoline (31.9 mL, 1.5 eq) in THF (300 mL) was added Mel1
(202 mL, 1.6 M, 1.5 eq) drop wise at -40 °C under nitrogen. The reaction mixture
was allowed to warm to -20 °C and stirred for 10 min. and then cooled to -40 °C
and magnesium bromide (59.4 g, 1.5 eq) was added in three portions. The
reaction nmixture was allowed to warm to rt, stirred for 30 min. to provide

bromo(pyridin-2-yimethylymagnesium. KOH (25.05 g, 2.0 eq), S-fluoroisatin



In vitro PI3K enzyme assays A P13K Alphascreent assay (PerkinElmer, Waltham, MA) was used
to measure the activity of a panel of four phosphoinositide 3-kinases: PI3Ka, P131C13, 5PI3Ky, and

P131(8. EW Bgﬁgi&n buffer was prepared using sterile water (Baxtescpeesfigldzdb)and 50mM
Tris HCI pH 7, im VI MgCb, 2mM sodium cholate, and 100mM NaCl. 2mM DTT was added fresh the

day of the experiment. The Alphascreen buffer was made using sterile water and 20mM Tris HCI pH

7.5, 150mM NacCt. 0.3,?0% Dé?é?n 20, and 30mM El?él'f\ 1mM DTT was added fresh 10the day of the
experiment. Corﬁf)bﬁ] dvgg plates used for this assay were 384- well Greiner clear polypropylene

plates containingﬁgé?;ﬁ%@éﬁ%%@}? Fhe gﬁlﬁ%?ﬂe}g%_ﬁyﬁ&%%/&%%ﬁwé%ﬂmﬁglgmns 23 and 24

contained only e wells comprised the positive and negative controls, respectively.
Source plates weséorepiicadddity efRsferrbeg. 8-orogbphran sz rahopinlateY s (PerkinElmer,
Waltham, MA). »,-Each P13t isofoim wassiluted inenezyme reastion hified tw@Xiwerking stocks.

PI3Ka was diluted to 1.6nM, P13K13 was diluted to 0. P131(7 was diluted t M, and P131(5
was diluted to 1.@HM?MPJP,@)’P"?’(@éfﬁéfﬁﬁ“éi6%5?5}%’53%%&?5%%&&%?%%%& uted to 10VM and
ATP was dilsited:to 20, 20RMilfFhisi2x stobikdwad iseudinciddiad sésdorcr HKh @dIBK11 For assay of

PISK1 and PI310,R1(4.5)P2 was dilutad g, 1M andibl R auas dilyiest1on8uid iajaterare a similar 2x
working stock. Alphasereen reaction solutions were made using beads from&g%ﬁntl-fST Alphascreen

kit (PerkinElmer WWltharfhavigsplisdorBor o s yap PEREsFTH J094 5 A- PBCT- 175 - Two
4X working stocksaf the suphascreeniesagentsmwerddnastelinnitpiasdE¥ngieastide buffer. In one

stock, biotinylated-1P4 (Echelon Bioscie alt Lake Ci wes,dilpted,togénM and
streptavadin-donBPBE & iEraS ifﬁtgg%r%%%égn?%f%ﬁyﬁfg%gtggstock, PIP3-binding protein (Echelon

BioscicncespSaliibk akie @ityyds FiimesatliiUfiesch 66 14 oml 2dhd Bastesirdactdotsr Bést were diluted to

80lig/mL. As a negafive.centsel farefaranes inhilitorialasrmeeniiationmx M) was included in
column 24 as a negative (100% inhibition) contro ing a,384-well .IVIuttida[%p (Titertek,

Huntsville, AL), 1080attirly & Sprome R V ‘%%H@é‘%?‘%%iﬁr%"ﬁ%’ R assay plates for each
isoform. 10l0ut/well@f tat @ppraptiate substhate2xcatoky(emmaining POGVMOATR R iHE-PI3Ka and 13
assays and Cont%i«rgziﬂgu%lbi 11‘1@1%&]; B§9ﬁcpa'§5%9@&&1@5&%¥%%%uow solid. The racemic
15 2-(1 ~(tert-butoxycarbonylamino)ethyt)-6-fluoro-3-(pyr din-2~yl)quinoline-4-
carboxylic acid was submitted for chiral HPLC separation to obtain (8)-2-(1-(tert-
butoxycarbonylamino)ethyl)-6-fluoro-3-(pyri din-2-y})quinoline-4-carboxylic acid.
Mass Spectrum (EST) m/e =412 (M + 1). To a solution of 2-(1-(tert-butoxy-
carbonyiamiﬁo)c—:thyi)-6—ﬂuoro—3-(pyridin~2-yl)quinoiine—4-carb0xylic acid (1.3 g,
20 3.16 mmol) in DMF (10 mL) was added methanamine (3.16 mL, 6.32 mmol),
PyBOP (4.11 g, 7.90 mmol) and DIEA (1.21 ml., 6.95 mmol). The resulting
mixture was stirred at t overnight. The solvent was removed and diluted with
EtOAc. The organic layer was washed with water (3x100 mL), brine and dried
over sodium sulfate. The crude residue was subjected to combiflash purification
25  using 20-70% EtOAc/ hexane to afford tert-butyl 1-(6-fluoro-4-{methylcarbamo-
y1)-3-(pyridin-2-yl)quinelin-2-yljethylcarbamate as white foam. Mass Spectram
(ESI) m/e = 425 (M + 1). To a pure residue of tert-butyl 1-(6-fluoro-4-(methyl-
carbamoyl)-3-(pyridin-2-yl)quinolin-2-yljethylcarbamate (1 g, 2.36 mmol) was
added 4N HCI/1.4-dioxane (8 mL, 32.0 mmol). The resulting mixture was stirred
30 atrt for 30 min. The solvent was removed and crude 2-(1-aminoethyl)-6-fluoro-
N-methyl-3-(pyridin-2-yl)quinoline-4-carboxamide was used without further
purification. Mass Spectrum (EST) m/e =325 (M + 1). To a solution of 2-(1-



then added to Columns 1-24 of all plates. Plates were then incubated at room temperature for 20
minutes. In the dark, 104,/well of the donor bead solution was added to columns 1-24 of the plates to

quench the enzyme reaction. The plates 15were incubated at room tempergius fph A9 minutes. Stilt in
the dark, 1ottt 6r e acceptor bead solution was added to columns 1-24 of the plates. The plates

were then incubated in the dark for 1.5 hours. The plates were read on an Envision multimode Plate
Reader (PerkinElmer, Waltham, MA) using a 680n€n4§xcitation filter and a 520-620nm emission filter.
20Alternative in ﬁti‘é’féﬁ&[ﬁn%%says. Assays were B rformed in 25 tit with the above final

concentrations of components in white polyproplyene plates (Costay 3355). Phospatidyl inositol
phosphoacceptdﬂrﬁnm%@ﬁ%ﬂi‘?rﬁ%@ﬁl%ﬁé ﬁ%%%#é%ﬁ%gﬂgggfeéc?é%%%g f&%’ &ggg&gctivity of the
alpha and gammasisezymasiidas hetgreaitystimpjatedng 25RtimsE S)P20drder ¥ese conditions

and was therefore omitt y OhhesRISorRNRS RSt RamPOHAds Werrslissolved in
dimethyl sulfoxi&ycmg% %?ﬁjjl'?ei Wﬁ?i%[ﬁffgffo?d serial (?ilutions. uTheécompound in (5%:\1%810 1 ttL) was

added per test Wil feriolth &l TS h YRt EHS remdtsHs EEAEARTAY 1Y LHHP i and without
enzyme wag detguylipgd-ihfierassayiocubationand fitdbecreadiion wiststoppeshanot residual ATP

determined by addition of an.equal volyme ommer |a ALP iglumins kit (Perkin Elmer
EasyLite) WO 28%7?%’??%83@%@@%?%8%@9%20 %§4%§LW%HE’%8'I’}J Y%qﬁ%ggﬁiing to the
manufacturer's ifxivotidAY] ardidetéetedtusingaaranmaIidamroeer) Hiat B Cells
Proliferation stimlate Ry, antisioMjseigte hymamBiitels: Shealated® BidGs from Heukopac or from

human fresh blood. Isolate human B cells by us,iﬂg Mi!ggi%i Prot%igéar? ?6_caell.i%g ation kit I1. -human
B cells were Purifi@d 8ot eP RSNt L Ssia s REtivan SR BFRUMAN B cailt Use 6 well Flat bottom
plate, plate1 50008/l pitfifiae B detsnis) Bhyeh (pofer-N-0atibn-héaiudinDMBMisigEES, 10 mM

Hepes, 50 pM 2-(r;gq)rca t?féb&%@%@ia%%%.t”‘ medium contain 250 ng/rith CD40OL -LZ recombinant

protein (Amgen) and 2 g/mL anti-Human IglVI antibody (Jackson ImmunoReseach Lab.#109-
Example 88:
(S)-Z-(l—(6-Amino-5»cyanopyrimidin-é»ylamino)ethy]}-—N-ethybé-ﬂu0m—3-

(pyridin-2-yl)quinoline-4-carboximidamide
NH,

NHBoc NHBoc thCN
: lN\ - N QNE
N COH AN P~ “

NH
NG
U

N 5 ﬁ/\

o To a solution of (S)-2-(1-(tert-butoxycarbonylamino)ethyl)-6-fluoro-3-(pyridin-2-
yhiquinoline-4-carboxylic acid (140 mg, 0.340 mmol) n DMF (1 mL) was added
PyBOP (390 mg, 0.749 mmol), DIEA (0.119 mL, 0.681 mmol) and ethanamine
(0.340 mL, 0.681 mmol). The resulting mixture was stirred at 1t for 2 h. EtOAc

20  was added. The organic solution was washed with water, brine and dried over
sodium sulfate. The solvent was removed in vacuo. The crude residue was
purified via combiflash using 50% EtOAc/hexane to obtain (S)-tert-butyl 1-(4-
(ethylcarbamoyl)—é~ﬂuor0—3-(pyridin-Q—yi‘)quinolin~2~y1}ethylcarbama‘ie as light
yellow oil. Mass Spectrum (ESI) m/e =439 (M +1). To the light yellow oil (8)-

25  tert-butyl 1m(4—(ethy1carbamoyl)—6~ﬂuoro-3—(pyridin«Z~yl)quinoiin-z-yl)ethyl—
carbamate (125 mg, 0.285 mmol) was added 4N HCV/1 4-dioxane (1 mL, 32.9

mmol) and the resulting mixture stirred at vt for 1h. Solvent was removed and



006-129), mixed with 50 p I B cell medium containing PI3K inhibitors and incubate 72 h at 37 C
incubator. After 72h, pulse labeling B cells with 0.5-1 uCi 15/well 3H thymidine for overnight -18 h, and
harvest cell usin %&%M‘?arvester. Human B Cells Proliferation stimulatepgyHisésigatatahuman B Cells:
Isolate human %—9% s from Leukopac or from human fresh blood. Isolate human B cells using Miltenyi
protocol - B cell isolation kit. Human B cells were Purified 20 by AutoMacs.colunm. Activation of
human B cells Use 96-well flat bottom plate, plate ?850_00/well purified B cells in B cell proliferation
medium (DMEMp"wclé‘%g E%%P;%S tiM 2-mercaptoethanol, 10mM Hepes). The medium (150 uL) contain

250 ng/mL CD4QL -LZ recomhinant 25protein (Amgen) .and-1 Imb AL-4 (. em #
204-11,025); mi&%h%ﬁ&ff‘%‘@“ié)&y%ﬂéé %Prﬁgtéjléﬂrﬁglgg%t@l .h%%%ﬁé@dﬂ%ﬁ%#fﬁ%%ﬁ%z hat37C
incubator. After %2shspulséthabefimth® pei§aaitbno SlastSnosvamIEhy migma ¥ ¥veight-1S h, and

harvest cell USinQOTEQQ/L,?Qﬁvgﬁﬁ%eﬁgiﬁﬂ%ﬁ-ﬁ-ﬁ%&%@@%@%@id@ﬁm@%eﬁ%ﬂman PBMC
S

proliferation 30assays Human PBMC are prepared, from frozen stocks or.they are purified from fresh
human blood ushiti ¢ Fido§redient, VAserets ﬁ%fﬁgj%(joﬁzghlpﬁgfemﬁ(a)pﬁ%e&lwg&%
2010/151749P C{ld@R04 /03942 A0 7R WA PRT - ATF5-n2x 005 FBMCHENasi Eifture medium

(RPMI1640 + 10% FCS, 50Ul 2~ Mere R aMHeRes), FerlCad determipations, PI3K
inhibitors was teSt&d" ﬁaotﬁg%bb\.gA to %@(ﬁ%ﬁ%?c% in§rements and in trip{lica@ﬂ' etanus toxoid
T cell specific antigéss (aniveiiiy o MABAEHYSEHS vsing WAMERIRPLS ? PYARL AR incubated 6
days at 37 C incybatolmBipematanisianaisolistiaanalien 8 daysiardLibbiSApasday ;- then cells are
pulsed with 3H-thymidine for -18 h to meas li ion. tecting iphibition of
Class la and Cla¥ QHIW%“?@"4‘CaAWi“t'IgeF<I3%%5%89{%@2% bﬁgggﬁs %ﬁéfc ii%ct%%qb%/wmitogenic
factors (IGES 01(R DGR SitEubnirombin NGF? it ).5thiredpolddie Mitbgdfic Sl AK'T1

ranslocates from e cylosobio o pigsa rRarprane Farkiead (EKHRE Disia substrate for AKT 1. I
is cytoplasmic when phosphor ﬁ { ‘

forkhead translo@a%Eﬁf@»tﬁ‘érﬁ/j’;féjé%éAéKl;IrZS%U{I\S{ngll{igsgoglvﬁgaf&&h@&?nn%éﬁg—%a@%ﬁ@pomoss) )
Example §9:
{S)~2—(1~(6-Amin0-5-cyanepyrimidin—4-ylamino)ethyl)~—6-ﬂuoro-N-(2-
15 hydmxyethyi)~3~(pyridin—Z-yl)quinoline—4—carh0xamide

NH,
o CN
NHBog §HBOC k |
| 1N\ | IN\ N
2 steps AN
i =N CO,H N PO 1 N o £
H

OH
=N o Ei/\/

To a solution of (S)-2-(i-(tert—butoxycarbonylamino)ethyl.)~6—ﬂu0ro~3n(py:'idinu?,u
yl)quinoline-4-carboxylic acid (100 mg, 0.243 mmol) in DMF (1 mL) was added
PyBOP (278 mg, 0.535 mmol), DIEA (0.127 mL, 0.729 mmol) and 2-amino-

20 ethanol (29.7 mg, 0.486 mmol). The resulting mixture was stirred at rt for 2 h.
The solvent was removed and FtOAc was added. The organic solution was
washed with water, brine and dried over sodium sulfate. Solvent was removed ix
vacuo and purified via combiflash using 3% MeOH/DCM to obtain (S)-tert-butyl
1-(6-fluoro-4-(2-hydroxyethylcarbamoyl)-3 ~(pyridin-2-yhquinolin-2-y)ethyl-

25 carbamate as a dark yellow oil. Mass Spectrum (ESI) m/e =455 (M + 1). To the
dark yellow oil (8)-tert-butyl 1-{6-fluoro-4-(2-hydroxyethyicarbamoyl)-3-
(pyridin-2-yl)quinolin-2-yhethylcarbamate (50 mg, 0.110 mmol) was added 4N
HCV/1,4-dioxane (1 mL, 32.9 mmol). The resulting mixture was stirred at rt for



15FYVE domains bind to PI(3)P. the majority is generated by constitutive action of PI3K Class 111
AKT membrane ruffling assay ((HO-1R-AKT1-EGFP cells/GE Healthcare) Wash cells with assay
buffer. Treat with co_mpounds in assay buffer 1 h. Add 10 ngimL insulin. &b atier:d/8:9i3 at room temp
and image‘élg Forkhiead translocation assay (MDA MB468 Forkhead-DiversaGFP cells) Treat cells
with compound in growth medium | h. Fix and image. Class Il PI(3)P assay (U20S EGFP-2XFYVE
cells/GE Healthcare) Wash cells with assay buffer. Treat with compounds in assay buffer 1 h Fix and
image. 2500ntre$‘l‘ﬂé‘r7§|m‘)é§%@/s is 1 OuM Wortihé% in: AKT is cytoplasmic Forkhead is nuclear

PI(3)P depleted from endosomes  Bjomarker assay. B-cell receptor. sti tionof CD69 or B7.2
(CM) 30expressldh ﬁ%b’ﬁﬁh%&%?ﬁgﬁf]‘%fég %’I%(?a?g é%@ﬁ%?gt%wiﬁﬁ%% Iﬁrrrh_?glr%?IgD (Southern
Biotech, #9030-Qk)y @0y 1- 1k thrsiimiaied bloddwbextmeidatrasstsd Witput further

2010/151740PCT/UUS2010/039942 A1 A7 BAMORCT-3538mper wab alai9buelplaimand treated with
10 lit of various Egrrll%c':%%%)aﬁohs O?S%Iockinggiorgpound (frc?m 10-0.0003 g’t_l\/Bgdijlut?d in, IMDM -h. 10%
n

FBS (Gibco). Sdfpled wereaptibaeirtsadiHer TE I oY &80 BUPrastishy 1 6 tor B7.2
expression):at 3G oTisadednainad (Seph paasitahbiémed 15 8 96-Walkdeepbwel4plate (Nunc) for

antibody staining with 10 tiL each of CD45-PerCP.(BD-Bigsci : RASHFITC (BD
Biosciences, #3%6’?11 ,‘%’QST@BE&]SEC( 5%‘?8%@%é@’éﬁjﬁ?ﬁ%ﬂéﬁﬁ%@ﬁf’ﬁﬁ% pTEof the treated
blood was transfeireddovasseatrid©BS\Vell, Thsep Wil prietar widiBedyr Sfiiivg Wk 10 1L each of

CD19-FITC (BD Bigscignees. #3497/ andeRpe-Peacyi (PP (10Binstiences:#555666). Al stains
g om0 WA Hhebo B s R S 5.,
PBS+ 10 4-carboxamide. 'H-NMR (400 Hz, CD;0D) & ppm 1.37 (d, 3 H) 3.20 - 3.26 (m, 2

H)3.32 - 3.37 (m, 2 H) 5.52 (q, J=6.72 Hz, 1 H) 7.46 (ddd, /=7.68, 4.94, 0.88 Hz,

1 H) 7.54 - 7.69 (m, 3 H) 7.82 - 7.97 (m, 2 H) 8.18 (dd, /=9.19, 5.28 Hz, | H)

8.67 (d, /=4.89 Hz, 1 H). Mass Spectrum (ESI) m/e =472 (M + 1).

Example 90:

15 (S)—Z«(l-(6~Amin0-‘5-cyanepyrimidin~4~ylamino)eihyl)—N-cyciopropyl-é-

fluoro-3-(pyridin-2-yl)quinoline-4-carboxamide

NH.
A _CN
NHBoc
AL N 7 steps
o
| RS
N =
® i |
4 CO.H

To a solution of (S)~2~(1—(tert—butoxycarbonylamino)ethyl.)—6—ﬂuoro~3—(pyridin—}
ylquinoline-4-carboxylic acid (100 mg, 0.243 mmol) in DMF (1 mL) was added
20  PyBOP (278 mg, 0.535 mmol), DIEA (0.085 mL, 0.4%6 mmol) and cyclopropan-
amine (0.034 mL, 0.486 mmol). The resulting mixture was stirred at rt for 2 b,
followed by the addition of EtOAc. The organic solution was washed with water,
brine and dried over sodium sulfate, The sotvent was removed and the crude
residue purified via combiflash using 50% EtOAc/Hexane to obtain a yellowish
25  foam (S)-tert-butyl 1-(é%w(cyciopropylc&rbamoyl)—é-ﬂﬁomu’a’«(pyridim?.—yi)quin—
olin-2-ylethylcarbamate. Mass Spectrum (ESI) m/e=451 M+ 1). Tathe
yellow foam (3)-tert-butyl 1-(4-(cyclopropylcarbamoyl)-6-fluoro-3-(pyridin-2-



2% FBS before FACS analysis. Samples were gated on either CD45/CD19 double positive cells for
CD69 staining, or CD19 positive cells for CD86 staining. 15 Gamma Countersereen: Stimulation of
human monge ;[)esf it ‘pospho-AKT expression A human monocyte celline;diifdsbeyas maintained
in RPM1 +W&¥S Il—%lg g&bco). One day before stimulation, cells were counted using trypan blue
exclusion on a hemocytometer and suspended at a concentration of 1 x 106 cells 20per mL of media.
100 iiL of cells plus media (I x 105 cells) was then %iguoted per well of 4-96-well, deep well dishes
(Nunc) to test eiéh{ﬂdﬁ?fé}]é)ﬁp &}npounds. Cells were rested overnight before treatment with various

concentrations (from 10-0.00031iM) of blocking co d.T com ' in media (12 ILL)
was added to th@iwﬂoﬁé?"?@%rﬁ%‘g% k del.d%lﬁa%%warﬁﬂﬁkﬁ&%%g‘%gﬁsﬂgs, #279-MC) was
diluted in media dingkaedechto ¥agmwel) af hdfiratitogcemutorrossueAghiiLliostimdiation lasted for 2
min at rt. Pre-warmed RACS Phasfiow hysediix Buier Huiie @h A7-1C)- (B RipgCEnem-#558049) was

added to each Werl‘?. Plates were then incubated at 37 C for an a dit_i(%ng\}ll 10-15.min. Plates were spun

at 1500 rpm for 3emirisdodARiRliGAs AL FARE D 2R T LS80 HACE SRS MEOH was added
to each wellwithwigorpusishakiTiy) Piatesiwedithan. ifoubstbdieithbtSovkfhighieet7ZOE or on ice for
30 min before antibody staining.Plates were.spug; g N PRS:k3vRBe{&ibco). WO
2010/151740PC$7@§%{5%%§§& Rfﬁg@&%@é@%ﬁ \f%/gﬁlgg\)/v%lgaspirated, Zn czls were
suspended in remainiddebBREA RAMTPART(GOMOl el Sigmalmg: FU8BIY AU 100, was added to

each sample for , h atitwithoshaking 1 &elisiwisrernashedianshspus atd b&edumIdrTO min.
Supernatant was aspirated and cells were suspended in remaining. buffer. Segondaky;antibody, 5goat
anti-rabbit AlexaS3% GB@SE}‘{%W&@‘EW%&;&‘%@% SoSwas “égég%g%“{ri%%?nﬁr?’g%%v’avith shaking.
Cells were then washedhpirmudferyaidiwspenidd if -1 500ptrstpiferrrFATS Y sis. Cells need

0 De disporsed MmhYieth Y RIne OEETHRING A% diaw CYIgmeigh. Gallsnyeigidn on an LSR |l
(Becton Dickinsoanrsl}g\éf %ﬁtﬁz@l Qg@i&&&gfp&eﬂwg SRR AR SH)6 ¢

the monocyte potiaRdR (A BouRH: SErach lmbretbl B HGotytee o proEpoNIGE
expression in magse hpne mamewMouse femmdrs/weid, dissedted HomIve feéntelé BALB/c mice
. . 0 ; .
removed by qutiy I8 SrdL P o Tk and by MGG AT 3 L oF Gy (i, 225 gage needle,
Bone marraw waEzhehlufspefééd/itd Riodidtibing! &1»8.71 (td, /=2.54,0.98 Hz, 1 H). Mass
Spectrum (ESI) m/e =469 (M + 1)
The following examples were synthesized by following procedures examplified
by exampies 87A and/or 87B.
Example 91:
20 2-1-((6-A.mino—Sncyane-é-pyrimidinyl)aminG)ethyi)nﬁ-ﬂu0r0—3-(2—pyridinyl)m

4-gquinclinecarboxylic acid

N
N\
o
N NH
N
“'\
N T
N0

H-NMR. (400 Hz, CD:0D) 8 ppm 1.49 (3 H, d) 5.65 (1 H,m) 7.62 (1 H, ddd,
J=7.78.5.14, 0.98 Hz) 7.76 (3 H, m) 8.10 (2 H, m) 827 (1 H, m)8.77 (1 H, d,
25  J=5.09 Hz). Mass Spectrum (ESI) m/e = 430 (M + 1).



gauge needle. Media volume was increased to 20 mL and cells were counted using trypan blue
exclusion on a hemocytometer. The cell suspension was then increased to 7.5 x 106 cells per 1 mL of
media and 1%025)1-]- /gi%é 105 cells) was 20aliquoted per well into 4-96-wgly @gen inelsdishes (Nunc) to
test eight different compounds. Cells were rested at 37 C for 2 h before treatment with various
concentrations (from 10-0.0003uM) of blocking compound. Compound diluted in media (12 pt) was
added to bone marrow cells for 10 min at 37 C. Mayse MCP-1 (12 AL, R&D Diagnostics, #479-JE)
was diluted in medha’Ant 3ddel to each 2 5well dt A ihal concentration of 50 ngimL. Stimulation lasted
for 2 min at rt. 1 mL of 37C pre-waimed FACS Phosflow Lyse/Fix buffer (BD Biosciences. #558049)
was added to edeH-MBIF Plates were then incubated at 37C for an additional 10-15 min. Plates were
spun at 1500 rpmdr{6-mininStpamatahpwinidbpbrairoirtnd i8E OPE BSYO%MEOH was
added to each \ﬁl,g?mé,ﬁgl_}élg%%g}%%ﬁ@tes were then incubated either overnight at -70 'V or
on ice for 30 min beforé antibody staining. Plates were spun and washed 2X in PBS + 2% FBS
(Gibco). Wash was aspirated and cells weré'5éspended in remaining WO
2010/151740PCT/US2010/039942 A-147&4VE§%T- 180 - buffer. Fc block (2 I.LL, BD Pharmingen,
#553140) was then added per well for 10 hain & rt. After block, 50 1. of primary antibodies diluted in
buffer; CD11bAlexa488 (BD Biosciences, #5576} )
1:50, and rabbit pAKT (Cell Signaling, #4058L)at™%
with shaking. Wash buffer was added to cells.and.shugs
aspirated and cells were suspended in remajning buffer. Secondary antibody; goat anti-rabbit Alexa
647 (50 uL, Invitrogen, #A21245) at 1:500, was“add&d of 30 min at rt with shaking. Cells were then
washed Ix in buffer and suspended in 100 1,11_, of buffér for FACS 10analysis. Cells were run on an
LSR Il (Bectgn Digkinsenjandgatas,on GxbibICB 63 Modiblepo3itive) e (foldietermiité expression
levels of pAKT in the monocyte populatign., pAKT.in. Vi v Vehi ‘ arc
administered poﬂ@'ésr%lg %@éfa%e@&ﬁ’é%@gée igpﬁgzz%ém o%%Zr@ 8?%(%%? }Ia\(lae%vl?/qlfi’yde Park, NY)
to mice (Transgedic EN2B R, Fern@, A0d vk aarigantine (Ffdugend HaksICA) 15 min prior to the
injection i.v (0.2 @lﬁl)ngfeaégj-lgM FITC (50 ug/mouse) (Jackson Immuno Research, West Grove, PA).
After 45 min the mice are sacrificed within a CO2 chamber. Blogfid_%(ir?\ﬁn via %(g&lc Euncture (0.3
mL) (Ic 25 g SyriRdeER B vasuPer 1A -4 BRI ARy PRI AN Ihts A i Conral vial
(Nalge/NunggintegnatignadibenpmaiipoBlaedrisoameldiately fixed with 6.0 mL of BD Phosflow Lyse/Fix
Buffer (BD Bioscience, San Jose, CA), inverR%iZBX's and placed in 37 C water bath. Half of the spleen
is removed and transferred to an eppendorf} be ggntaining 0.5 mL of PBS (Invitrogen Corp, Grand

at 1:50, CD64-PE (BD Biosciences, #558455) at

Island, NY). The spleen is I\L 1
SNTTNH
N
l -
N Tr
N P N

"H-NMR (400 Hz, CD;0D) § ppm 1.43 (3 H, d) 2.70 (3 H, 5) 5.60 (1 H. ¢, J=60.65

Hz) 7.52 (2 H, m) 7.65 (1 H,m) 7.72 (1 H, m) 7.98 (2 H, m) 824 (L H, dd,

J=9.39, 5.28 Hz) 8.74 (1 H, ddd, J=4.89, 1.76, 0.98 Hz). Mass Spectrum (EShH
15 we=443 M+ 1)



25 crushed using a tissue grinder (Pellet Pestle, Kimble/Kontes, Vineland, NJ) and immediately fixed
with 6.0 mL of BD Phosflow Lyse/Fix buffer, inverted 3X's and placed in 37 C water bath. Once tissues
have been collected the mouse is cervically-dislocated and carcass to digppggeh #iigfedd mm, the 15
mL conical Vidi&"At Yémoved from the 37 C water bath and placed on ice until tissues are 30 further
processed. Crushed spleens are filtered through a 70 1,im cell strainer (BD Bioscience, Bedford, MA)
into another 15 mL conical vial and washed with 9 mL of PBS. Splenocytes and blood are spun
@2,000 rpms fof 10 MnY (&bl and WO 2010/151740PCT/US2010/039942 A-1478 WO-PCT- 181 -
buffer is aspirated. Cells are resuspended in 2 0 mL of cold (-20 C) 90% methyl alcohol (Mallinekrodt
Chemicals, PhiIIE)’é‘HHF’é? Rﬁj). McOH is slowly added while conical vial is rapidly vortexed. Tissues are
then stored at -20.@-((atib adtis-Gary bestgivenidiFNOsiveaisB-GinanetodediREi i munization
Blood was colleg_ig}g%gggggggg' alexeblapsts. fraga -8 week old BALB/c female mice (Charles River
Labs.) at day 0 before’immuriization. Blood was allowed to clot for 30 min and spun at 10,000 rpm in
serum microtainer tubes (Becton Dickinson)% 10nmin. Sera were collected, aliquoted in Matrix tubes
10 (Matrix Tech. Corp.) and stored at -70 it ELBA was performed. Mice were given compound
orally before immunization and at subsequenttime periods based on the life of the molecule. Mice
were then immunized with either 50 hg of TRP- 1)F'S &Biosearch Tech., #T-5065), 50 hg of TNP-Ficoll
(Bioscarch Tech., #F1300), or 100 lig of TNP- ;3»@ Tech., #T-5060) plus 1% alum 15
(Brenntag, #3501) in PBS. TNP-KLH plus alum WL igepared by gently inverting the mixture
3-5 times every 10 min for 1 h before immunjzation. Qn day 5, post-last treatment, mice were CO2
sacrificed and cardiac punctured. Blood was 3 sWerftorelot for 30 mm and spun at 10,000 rpm in
serum microtainer tubes for 10 min. Sera were collected, aliquoted in Matrix tubes, and 20stored at

-70C until f”E“”‘%’RMﬂE&%@%&?E’ZﬁE@%‘E R-sReeifig latl, 3932a, 49E3 andilghldevels in the sera

were then measured via ELISA. TNP-B iosearch Tech, #T-50§%?},) u 9 capture the
TNP-specific antiiogidd3tRIF.BSA 10 ﬁb/ﬁaﬂf%lﬁ@eﬁdﬁ%@&étf@fﬁ- ﬁlﬁéﬁé% S?aitg[ésg?Corning
Costar) overnight: Rjqies, werg-then, washes amd Hacked Jot 4.0 LiBHYHO% BSAKELISA 25 Block
solution (KPL). After. king, ate: r ] dards were serially
diluted and aIIowé‘g %g{gﬁ%&i%?ﬁgllps)@’tg% \Jgr% J%\ﬁ : %ﬁﬁéqﬁiﬁgﬁ)ﬁg bleﬁll’-?&l?@g conjugated
secondary antibo#iés. §§0a8 arti3 ¥ridus 1§61 B ulidiy Bltecrf4l dR6.05 gt ahtiiSuse 19G2a,
Southern Bigtech:#1080:0%<gpatantimense IgM, Southern Biotech #1020-05, goat anti- 3 0 mouse
IgG3, Southern Biotech #1100-05) were diluted at 1:5000 and incubated on the plates for 1 h. TMB
peroxidase solutigﬁa(@ﬂ}%%%e Reserve TMB from KPL) was used to visualize the antibodies. Plates
were washed andisaiiples-(ere-Duddra-(VQPE Tz ear biiowed-(3-tedidivglinithe TMB solution
approximately 5-20

u'méﬁ;%?)%?ﬁﬁﬂgnﬂ{b}%ﬂQrﬂﬂﬂi}@&%ﬂg}ﬁt[%@c“0” was stopped with 2M sulfuric acid

NH,
CN

and plates were ead

N/

15 'H-NMR (400 Hz, CD;0D) & ppm 5.33 (3 H, d, /=6.65 Hz) 5.48 (3 H, d, J=6.85
Hz) 6.76 (2 H, m) 7.33 (4 H, m) 7.77 (2 H, m) 9.59 (1 H. q, /~6.85 Hz)9.74 (1 H,
q,J=6.78 Hz) 11.50 (2 H, m) 11.70 (2 H, m) 11.96 (2 H, m) 12.24 (1 H, ddd,
J=12.67,9.24, 5.28 Hz) 12.73 {1 H, m}. Mass Spectrum (ESI) m/e =498 (M + 1).



at an OD of 450 nm. The following compounds showed the associated data in the above PI3K8 5
Alphascreen(r) assay: Compound 1C1 (MV) 4-amino-1-((1S)-1-(6-fluoro-3-(5-fluoro-3-pyridiny1)-2-
guinolinyBethyl -1H-P razolo[3 4-dlpyrimidine-3-carbonitrile 0.024997
4-amino-14‘ﬁ %%%%—%Iédgro-B-(S-ﬂuoro-3-pyr1diny1)-2-
quinolinyHethyl)-1H-pyrazolo[3,4-d]pyrimidine-3-carbonitrile 5.4689475
4-amino-6-(((IS)-1-(6-fluoro-3-(6-(methylsulfony1)-2-
pyridiny0-2-quindting PRt imino)-5-Pyrimidinecarbdnitrile 0.1297 I N-(1-(6-fluoro-3-(2-pd
ny1)-2-quinolinyBethyl)-9H-purin-6- amine 0.0212875
N-((lS)-l-(G-quo%@'@ﬁp%idinyl)-2-quinoIinyBethyI)-9H- purin-6-amine 0.004147

4- Amino-6-(((1R)-1-(6-fluoro-4-((3-bydroxy-1-azetidinyl)carbonyl)-3-(2-

pyridinyl}-2-quinolinyl)ethyhamino)-5-pyrimidinecarbonitrile
NH,

PCT/US2010/639942

\GN

N
L

e
N™ "NH

5  'H-NMR (400 MHz, DMSO-ds) 8 ppm 1.22 (3 H, d, /=6.65 Hz) 1.27 (3 H, d,

J=6.65 Hz) 1.43 (1 H, dd, /=12.13, 6.65 Hz) 3.66 (0 H, s) 3.82 (1 F, br. 5.) 4.04 (1
H, s)4.10 (0 H, d, /=5.28 Hz) 4.25 (0 H, m) 4.43 (0 H. br. s.) 5.50 (0 H,d, j=5.67
Hz) 5.7% (0 H, dd, /=6.55, 2.05 Hz) 7.44 (1 H, d, /=5.09 Hz) 7.54 (3 H, m) 7.88
(1 H,m)7.97 (1 H, m) 8.18 (1 H, m) 8.73 (1 H, m). Mass Spectrum (ESIym/e =

10 485 (M+1).
Example 97:
(S)—Z-(1-(6-Amin0—S~cyanapyrimid.in—4-y§amino)ethyl)-N-methyl-3—pheny!~

quinoline-4-carboxamide

Q NHBo:
o S
ﬁ\ /u\ ~ O)LNH | N\
/‘\m = © = O CO.H
0 NH>
NHBoc NP CN
| " L~“N i NH
(R RN——_ P 2 steps L
e T N
O CONHMe

CONHMe
Tert-butyl 1-{methoxy(methyl)amino)-1-oxopropan-2-ylcarbamate (10.00 g, 43

mmol) in THE (80 mL) was cooled to -40 °C with MeCN and dry ice, and slowly

15

charged with isopropytmagnesium chloride (2.0M, 20.45 mL, 0.95 eq). After



I N-((iR)-l-(6-fluoro-3-(2-pyridiny )-2-quino nyBethyl)-9H- purin-6-amine 0.2168 i
N(6(%| (6- fluoro 3-(2-pyndinyl),2-quinolinyBethyl)-4- pyrimidinamine 11.632679 , N-(1
uoro- 3 r|d| -2-quinolinyBethyl)-4,6- pyrimidinediamine 3.73 .
N--4- 4(1R)‘i %?6% -(2-pyridiny1)-2-quinolinyBethyl)-2,4- pyrlmldlne%é%%ﬁéﬁ%ﬂg%ggz
4-amino-641-(6-fluoro-3-(2-pyridiny1)-2- quinolinyBethyDamino)-5-pyrimidinecarbonie 0.004217

44(1-(6-fluoro-3-(2-pyndiny0-2- qumollnyl)ethyl)amlno) -6- hydroxy-5-pyrimidinecarbonitrile 0.0548
4-amino-14(1S)4z=t 671%\5(1% B(B-pyridiny1)-2- - 171

quinolinyBethyl)-1H-pyrazoloi3,4-dipyrimidine-3-carb0
dddligg;l of all rcag:ent,sp%l/ clear solution was g&atdmeg Z)gt? émckiy became milky.

Benzyimagnesium chloride (2.0 M, 21.53 mL, 1.0 eq) was added dropwise with

stirring at rt for 4 h. The reaction mixture was quenched with NH4C1 solution and

extracted with BtOAc (200 mLx2). The combined organic layers were washed

5  with water, brine, dried over sodium sulfate, coned and purified by combiflash
(EtOAc/hexane, up to 1/3) to give tert-butyl 3-oxo-4-(pyridin-2-yl)butan-2-
ylcarbamate as a pate yellow oil, which became a white solid after drying under
high vacuum. Mass Spectrum (ESIy m/e = 264 (M + 1), tert-Butyl 3-oxo0-4-
(pyridin-2-ylybutan-2-ylcarbamate (1.00 g, 3.8 mmol), KOH (0.426 g, 2.0 eq) and

10 isatin (0.559 g, 1.0 eq) in EtOH (5 mL) and water (5 ml) were heated at 85 °C
overnight. After cooling to tt, the reactien volume was reduced to 4 mL and
extracted with ether twice. The filtrate was acidified with concd HCl to pH 3-4
unfil no solid was further formed. The solid was filtered, washed with water and
dried in the air to give a yellow solid, 2-(1-(tert-butoxycarbonylamino)ethyl)-3-

15 phenylquinoline-4-carboxylic acid. Mass Spectrum (ESDHm/e =393 (M +1). To
a solution of 2-(1-(tert-butoxycarbonylamino)ethyl)-3-phenyiquinoline-4-
carboxylic acid (0.3 g, 0.76 mmol) in DMF (6 mL) was added PyBop (0.875 g,
1.68 mmol), DIEA (0.134 mL, 0.764 mmol) and methanamine (0.573 mL, 1.15
mmol, 2M). The resulting mixture was stirred at room temperature overnight.

20 The solvent was removed in vacuo and replaced with EtOAc. The resulting
solution was washed with water, brine and dried over sodium sulfate. The solvent
was removed in vacuo and the crude residue subjected to combiflash purification
to provide tert-butyl 1 ~(4-(methylcarbamoyl)-3-phenylquinolin-2-yhethylcarbam-
ate as a white solid. Mass Spectrum (ESI) m/e =406 (M + 1). To tert-butyl 1-(4-

25  (methyicarbamoyl)-3-phenylquinolin-2-ylethylcarbamate (87 mg, 0.215 mmol)
was added 4M HCl/1,4-dioxane (1 mL, 4 mmol) and the resulting solution was
stirred at rt for 1 h. The solvent was removed and the crude 2-(1-aminoethyl)-N-
methyl-3-phenylquinoline-4-carboxamide was used without further purification.
Mass Spectrum (EST) m/e = 306 (M + 1). To a solution of the crude 2-(1-amino-

30 ethyl)-N-methyl-3-phenylquinoline-4-carboxamide in DMF (5 mL) was added 4-
amino-6-chloropyrimidine-5-carbonitrile (33.2 mg, 0.215 mmol) and DIEA
(0.112 mL, 0.644 mmol), The resulting mixture was stirred at 100 °C for 1 h.



4-amino-14(1R)-l-(6-f|uoro-3-(2-pyridi_ny1)-2- quinolinyBethyl)-1H-pyrazolo[3,4-d]pyrimidine-3-carbone
2.32 _4-agn|£|a-§)-(§lé5-ﬂl1Ioro-3-(2-pyr|d|nyl)-2- quinolinyBethyBamino)-5-pyrimidinecarbonit i e 0.0016
-amino-6- -1-(5-chloro-3-(2-pyridiny1)-2- quinolinyl)ethyBamino)-SE,%yf}ﬂgwﬂﬁ%@gQQnitrile 0.0004
4-am|no-6-&’&R§Q%L‘}-’E§18ﬁqoro-3-(2-py_rid_in_yl)-2- quinolinyBethyl)amino)-5-pyrimidinecarbonitrile 0.0579
2-((2 S)-l-((6-ammo-5 -cyano-4-p3_/r|r_n|_d|nyl)a' o)ethyl)-3-(2- pyridinyl)-5-quinolinecarbonitrile 0.0141
2-((1R)-14(6-am|no-5-c_yano-4-pyr|m|d|nyl)amino)eth [)-3-(2- pyridiny1)-5-quinolinecarbonitrile 2.64
4-amino-6-(0 -(3AARFBiRYRSL, 8-naphthyridin-2- yOethyBarnino)-5-pyrimidinecarbonitrile
Afier the solvent was removed under reduced pressure, EtOAc was added and the
organic laver was washed with water, brine and dried over sodium sulfate. The
solvent was removed n vacuo and the crude residue was purified with chiral
HPLC (Isopropanol/ Hexane gradient, AD column) to provide (S)-2-(1-{6-amino-
5 5—cyanopyrimidin-4~yiamin0)ethyl)—N’—methy1—3-;3}3enyiquinol.ine~4~carboxamide.
'H-NMR (400 Hz, CD:0D) 8 ppm 1.37 (2 H, d, J=6.60 Hz), 2.66 (1 H, 5), 5.52 (1
H, m), 7.47 (5 H,m), 7.68 (1 H, m), 7.85 (2 H, m), 7.97 (1 H, m), 8.16 (1 H, 4,
J=8.31 Hz) Mass Spectrum (ESI) m/e = 424 (M + 1),
Example 98:
10 (S)—Z-(l-(ﬁ-AminO-S-annopyrimidin-4-ylamino)ethyi)-s-ﬂuoro-N-methyl-S—

phenylquinoline-4-carboxamide

o NHBoc  F NHBoc F
>I\O/1LNH | N\ E N
S - P S — S
m O COH CONHMe
NH,
2 steps ‘\\N - -

CONHMe
Tert-butyl 3-0x0-4-{pyridin-2-yl)butan-2-ylcarbamate was obtained for the route

described above. A solution of Tert-butyl 3-0x0-4-(pyridin-2-yi)butan-2-yl-

15  carbamate (1.00 g, 3.8 mmo!), KOH (0.426 g, 2.0 eq) and 7-fluoroisatin (0.627 g,
1.0 eq) in EtOH (5 mL) and water (5 mL) were heated at 85 °C overnight. After
cooling to tt, the reaction volume was reduced to 4 mL and extracted with E6O
twice. The filtrate was acidified with coned HC! to pH 3-4 until no solid was
further formed. The solid was filtered, washed with water and dried in the air to

20  give a yellow solid 2-( ] -(tert-butoxycarbonylamine)ethyl)-8-fluoro-3-phenyl-
quinoline-4-carboxytlic acid. Mass Spectrum (ES) m/e =411 (M +1). Toa
solution of 2-(1 —(tert~butoxycarbony}amine)etbyl)—8-ﬂu0r0v3—phenquuinoline-4—
carboxylic acid (0.30 g, 0.73 mmol) in DMF (6 mL) was added PyBop (0.837 g,
1.61 mmol), DIEA (0.128 mL, 0.731 mmol) and methanamine {0.548 mL, 1.1

25 mmol, 2 M). The resulting mixture was stirred at room temperature overnight.



0.225 A-1478 WO-PCT- 183 - 4-amino-64(1-(3-(2-pyricliny1)-1,6-naphthyridin-2-
yegthypamino)—5-pyrimidinecarbonitrile 0.47 4-amino-6-((1-(6-fluoro-4-(methylsulfonyl)-3-phenyl-2
qumolinypeth'xl glr};llinﬁ%-%-pyrimidinecarbonitrile 000 3 4-amino-6-((1-(6-fperessAr(imatayisu Ifanyl)
-3-phenyl-§Y gainolinyl)ethyl)amino)-5-pyrimidinecarbonitrile 0.0024 4-amino-6-(((8-fluoro-3
-(2-(methylsulfonyl)pheny1)-2- quinolinyl)methyl)amino)-5-pyrimidinecarbonitrile 0.0307

4-amino-6-4(8-fluoro-3-(2-pyridiny1)-2- quinolinyl )methyl)amino)_5_ pYrirnidifleCarbOflitrile 0.262
4-amino-6-0(8-f|fﬂ‘oF8:’7§-§3\f‘f£'?(3ﬁ-1§-quinolinyI)methyT)1 %6)-5- o

The solvent was remaved in vacuo and the crude residue was subjected to
combiflash purification to provide tert-butyl 1-(8-fluoro-4-{methylcarbamoyl)-3-
phenylquinolin-2-yDethylcarbamate as a white solid. Mass Spectrum (ESI) m/e =
424 (M + 1), To tert-butyl 1-(8-fluoro-4-(methylcarbamoyl)-3-phenylquinolin-2-
5  yljethylcarbamate (280 mg, 0.661 mmol) was added 4M HCV] 4-dioxane (1 mL,
4 mmol) and the resulting solution stirred at vt for 1 h. The solvent was removed
and the crude 2-(1-aminoethyl)-8-fluoro-N-methyl-3-phenylquisoline-4-carbox-
amide was used without further purification. Mass Spectrum (ESI) m/e = 324 (M
+ 1). To a solution of 2-(1-aminoethyl)-8-fluoro-N-methyl-3-phenylquinoline-4-

10  carboxamide in DMF (2 mL) was added 4-amino-6-chioropyrimidine-S-carbo-
nitrile (102 mg, 0.661 mmoly and DIEA (0.346 mL, 1.984 mmol). The resulting
mixture was stirred at 100 °C. EtOAc was then added and the organic layer was
washed with water, brine and dried over sodium sulfate. The solvent was
removed in vacuo and the crude residue was purified by chiral HPLC (isoprop-

15  anol/ hexane gradient, AD column) to provide (S)-2-(1-(6-amino-5-cyano-
pyrimi.din»éimylamino)ethyl)—S—ﬂuorouN—methyl-3—phen.quuinoline—4~carbox—
amide. "H-NMR (500 Hz, CD:0D) & ppm 1.39 (3 H, d. J=6.60 Hz), 2.65 (3 H, s),
5.57 (1 H, q, /=6.20 Hz), 7.43 (1 H,m), 7.54 (5 H,m), 7.65 2 H, m}, 795 (1 B,
m). (ESD m/e =442 (M + 1).

20  Biological Assays
Recombinant expression of PI3Ks
Full length pl10 subunits of P13k o, B and 8, N-terminally labeled with polyHis
tag, were coexpressed with p85 with Baculo virus expression vectors in sf9 insect
cells. P110/p83 heterodimers were purified by sequential Ni-NTA, Q-HP,

25 Superdex-100 chromatography. Purified o, B and & isozymes were stored at -20
°C in 20mM Tris, pH 8, 0.2M NaCl, 50% glycerol, SmM DTT, 2mM Na cholate.
Truncated PI3Ky, residues 114-1102, N-terminally labeled with polyHis tag, was
expessed with Baculo virus in Hi5 insect cells. The y isozyme was purified by
sequential Ni-NTA, Superdex-200, Q-HP chromatography. The v isozyme was

30 stored frozen at -80 °C in NaH,PO4, pH 8, 0.2M NaCl, 1% cthylene glycol, 2mM

-mercaptocthanol.



pyr?m?d?necarbonitri le 0.0123 4-amino-6-(45-fluoro-3-phenyl-2-quinolinypmethyDano)-5-
pyrimidinecarbonitrile 0.107 4-amino-6-(45-fluoro-3-(3-fluoropheny1)-2- quinolinyl
ymethypamino)-5-pyrimidinecarbonitrfle 0.102 4-amino-6-0(3-(3,5-difluoiophsnylmxdiypro-2-
quinolinyl)lw Ry 6)5 51iFfzoO)-S-pvrimidinecarbonitrile 0.246 il
4-amino-6-4(5-fluoro-3-(2-(methylsulfonyl)phenyl)-2-
quinolinyl)methyDamino)-5-pyrimidinecarbonitrile 0.039 4-amino-6-(45-fluoro-3-(2-pyridiny1)-2- q
uinolinyOmethyp“&rJrﬁﬁ%)V-)%Op- gﬁ%idinecarbonitrile 0.457

4-amino-6-((-1-(4-(dimethylamino)-6-flugro-3-(2-pyridiny1)-2

quinolinypethyDaming)-5-pyrimidinecafBBtrile Beta Delta gamma
50 mM Tris pH & pH 7.5 pH 7.5 pH 8
MgCi2 15 mM 10 mM 10 mM 15 mM
Na cholate 2mM I mM (.5 mM 2 mM
DTT 2mM 1 mM I mM 2mM
ATP TuM 0.5 uM 0.5 uM T uM
PIP2 none 2.5 uM 2.5 uM none
time lh 2h 2h 1h
{Enzyme] 15 nM 40 nM 15 oM 50 nM

In vitro PI3K enzyme assays
A PI3K Alphascreen® assay (PerkinElmer, Waltham, MA}) was used to
measure the activity of a panel of four phosphoinositide 3-kinases: PI3Ka, PI3KP,
5  PI3Ky. and PI3K3. Enzyme reaction buffer was prepared using sterile water
(Baxter, Deerficld, IL) and 50mM Tris HCl pH 7, 14mM MgCly, 2mM sodium
cholate, and 100mM NaCl. 2mM DTT was added fresh the day of the experiment.
The Alphascreen buffer was made using sterile water and 10mM Tris HCIpH 7.5,
150mM NaCl, 0.10% Tween 20, and 30mM EDTA. 1mM DTT was added fresh
10 the day of the experiment. Compound source plates used for this assay were 384~
well Greiner clear polypropylene plates contajning test compounds at 5mM and
dituted 1:2 over 22 concentrations. Columns 23 and 24 contained only DMSO as
these wells comprised the positive and negative controls, respectively. Source
plates were replicated by transferring 0.5 uL per wel! into 384-well Optiplates
15 (PerkinElmer, Waltham, MA).

Each PI3K isoform was difuted in enzyme reaction buffer to 2X working
stocks. PI3K.o was dituted to 1.6nM, PI3K was diluted to 0.8nM, PI3Ky was
diluted to 15nM, and PI3KS was diluted to 1.6nM. PI(4,5)P2 (Echelon
Biosciences, Salt Lake City, UT) was diluted to 10uM and ATP was diluted to

20 20uM. This 2x stock was used in the assays for PI3Ko and PI3KJ. For assay of
PI3Ky and PI3KS, PI(4,5)P2 was diluted to 10uM and ATP was diluted to 8uM
to prepare a similar 2x working stock. Alphascreen reaction solutions were made

using beads from the anti-GST Alphascreen kit (PerkinElmer, Waltham, MA).



0.9014 4-amino-64-1-(6-fluoro-4-(4-morpholiny1)-3-(2-pyndiny1)-2-
quinolinypethypamino)-5-pyrimidinecarbonitrile 0.00119

4-amino-6-§&
pyridiny1)-

-146-fluoro-4-(3-hydroxy-1-azetidmy1)-3-(2-
-éﬂ%%%%s%%qhypamino)-&pyr.*dinecarbonitrile 0.00178
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2-((18)-14(6_—amino-5-cyan0-4-pyrimidinyl)am mo)ethyl)-6-
quoro-N,N-d|methyl-3-%1engl-4-quinolinecarboxami de 0.0148 |

4-ammo-64(1S) =6 Hubfo

din ecarbonitrile 0.000505 4-amino-6- -1-(6- -4- -3- -

pyrrolizgnil?égrﬁgﬁﬂﬂ?é-‘g?fg@glmgg{%é %ﬁ%iﬁ%&%%%gﬂ%é %f/%ﬁ%ﬁg}ﬁﬁqégﬁﬁ%iﬁﬁﬁ & 0.000657

4-amin0-64(1S)1333({4}&@1bﬁfﬁi10§dd@%@{bﬁhﬁb@@h}ﬂﬁrpﬁ1§?4 (Echelon Biosciences, Salt Lake

Carbonyl)'6'fl“0593?"8*?’?%%‘%IH%W%M%WW%%-MHP@%Q%MM@%00124
0)€e

2-((1S)-1-((6-aminc-5-cyano-4-pyrimidinyl)amin

5

10

15

20

25

30

80pg/mL. In the sécond stock, PIP;-binding protein (Echelon Bi
Lake City, UT) was diluted to 40nM and anti-GS'T-acceptor beads were diluted to

sciences, >alt
80pg/mL. As a negative control, a reference inhibitor at & concentration >> Ki
(40 uM) was included in column 24 as a negative (100% mhibition} control.
Using a 384-well Multidrop (Titertek, Huntsville, AL), 10pL/well of 2X
enzyme stock was added to cotumns 1-24 of the assay plates for each isoform.
10uL/well of the appropriate substrate2x stock (containing 20uM ATP for the
PI3Ko and B assays and containing SuM ATP for the PI3Ky and  assays) was
then added to Columns 1-24 of all plates. Plates were then incubated at room
temperature for 20 minutes. In the dark, 10ul/well of the donor bead solution was
added to columns 1-24 of the plates to quench the enzyme reaction. The plates
were incubated at room temperature for 30 minutes. Still in the dark, 10uL/well of
the accepior bead solution was added to columns 1-24 of the plates. The plates
were then incubated in the dark for 1.5 hours. The plates were read on an Envision
multimode Plate Reader (PerkinElmer, Waltham, MA) using a 680nm excitation
filter and a 520-620mm emission filter,
Alternative in vitro enzyme assays.
Assays were performed in 25 pL with the above final concentrations of
components in white polyproplyene plates (Costar 3355). Phospatidyl inositol
phosphoacceptor, PtdIns(4,5)P2 P4508, was from Echelon Biosciences. The
ATPase activity of the alpha and gamma isozymes was not greatly stimulated by
PtdIns(4,5)P2 under these conditions and was therefore omitted from the assay of
these isozymes. Test compounds were dissolved in dimethyl sulfoxide and
dituted with three-fold serial dilutions. The compound in BMSO (1 ul.) was
added per test well, and the inhibition relative to reactions containing no
compound, with and without enzyme was determined. After assay incubation at
tt, the reaction was stopped and residual ATP determined by addition of an equal

volume of 2 commercial ATP biotuminescence kit (Perkin Elmer EasylLite)

C(ﬁ-morpholinylcarbé);@/l)-& phenyl-2-quinol inypethypamino)-5-pyrimi

hy1)-6- quoro-3-pher_l3/I-4-qcuin inecarbonitri le



0.00276 2-((1S)-14(6-amino-5-cyano-4-pyrimidinyOamo)ethyl)-6- fl
uoro-3-pheny1-4-quinol?necarbon@trilc 0.00133 2-41R)-1-((6-amino-5-cyano-4-pyrimidinyl)ao)ethyl)-6-
woro s ey piaecarbonirie 00591 el 2 (146 amine & oyagesRUmIAE 0K
2-01S)-1((6-amino-5-cyano-4-pyrimidinypamino)ethy1)-6- fluoro-3-phenyl-4-quinolinecarboxylic acid
0.0742 1 2-((18)-1-((6-amino-5-carbamoy1-4-pyrimidinyl)amino)ethyl)-
6-fluoro-3-pheny4-24d8iREirchrboxylic acid 0.007461 -
according to the manufacturer’s instructions, and detected using a AnalystGT
luminometer.
Human B Cells Proliferation stimulate by anti-IgM
Isolate human B Cells:
5 Isolate PBMCs from Leukopac or from human fresh blood. Isolate human B celis
by using Miltenyi protocol and B cell isolation kit II. ~human B cells were
Purified by using AutoMacs.column.
Activation of human B cells
Use 96 well Flat bottom plate, plate 50000/well purified B cells in B cell prolifer-
10  ation medium (DMEM + 5% FCS, 10 mM Hepes, 50 pM 2-mercaptoethanol);
150 pL medium contain 250 ng/mL CD40L —LZ recombinant protein (Amgen)
and 2 pg/mL anti-Human [gM antibody (Jackson ImmunoReseach Lab.#109-
006-129), mixed with 50 pL B cell medium containing PI3K inhibitors and
incubate 72 h at 37 °C incubator. After 72h, pulsc labeling B cells with 0.5-1 uCi
15 /well *H thymidine for overnight ~18 h, and harvest cell using TOM harvester.
Human B Cells Proliferation stimulate by IiL-4
Isolate human B Cells:
Isolate human PBMCs from Leukopac or from human fresh biood. Isolate human
B cells using Miltenyi protocol — B cell isolation kit. Human B cells were Purified
20 by AutoMacs.column.
Activation of human B cells
Use 96-well flat bottom plate, plate 50000/well purified B cells in B cell
proliferation medium (DMEM + 5% FCS, 50 uM 2-mercaptoethanol, 10mM
Hepes). The medium (150 pL) contain 250 ng/mL CD40L —LZ recombinant
25 protein (Amgen) and 10 ng/mL IL-4 { R&D systemn # 204-1L-025), mixed with 50
150 uL B cell medium containing compounds and incubate 72 h at 37 °C
incubator. After 72 h, pulse labeling B cells with 0.5-1 uCi /well 3H thymidine
for overnight ~18 h, and harvest celi using TOM harvester.
Specific T antigen (Tetanus toxoid) induced human PBMC proliferation
30  assays
Human PBMC are prepared from frozen stocks or they are purified from fresh

human biood using a Ficoll gradient. Use 96 well round-bottom plate and plate



| 2-(-146-amino-5-cyano-4-pynmidinyl)amino)ethyl)-6-f1luor0O-
N-.methyl-sl-phegyl-4-<):1uinolinecarboxamide 0.000796 4-amino-6-((-1-(6-fluoro-3-phenyl -4-(1
-piperazinyl carbonyl)-2- quinolinypethynamino)-5-pyrimidinecarbonitril .
4-amino-6-&ﬁ%@-‘ﬁﬁ§}|7694-((4-methy|-I-piperazinypchr/bonyl)- GO 0092
3-phenyl-2-quinotinypethypamino)-5-pyrimidinecarbonitrile 0.00132
2-(-1-((6-amino-5-cyano-4-pyrimidinyl)amino)cthy1)-6-fluorO-
N,N-dimethy1-3-sHdi§ 4 dtfidolinecarboxami de 0/00101

4-amino-6-((-1-(6-f1L§oro-44 3R)-3-hydroxy-1- pyrrotidinyl)carbony1)-3- -2-quinoliny-

10-6- -f y-1)ethyl)ano
-5- pyr_lmldlncca%ﬁltﬁ (0PS W%ﬂ%‘-@ﬂ@@é%%%lb@@?gﬁzﬁgggﬁ(@ﬁ@n@learbonyl)-)2- 2
quinolinypethypamina)ta-nsinidinasarmeanityile: 0070k crminations, PI3K. inhibitors was

4-amino-64-1-(6-fluorq-4-(4-maqrpholinylcarb -3-phenvl-.. o d i tinlicate Te
2-quinolinyp ethy@%‘ﬁﬁ c;gré%%amg rjgc\?(ﬁiltl%FeX%)l(%%grgg%gmﬁ and in triplicate. Tetanus
4-amino-6-((-1-(efonir - 4<l{(38Yyi Borypdien . {Iniversity of Massachusetts Lab) was added at

pyrrolidinypearb )=3- wil-2-auinoli t i oot "
4_amin0_6_(%_l_(g%j3§ phenylaminoling)athy Bamine)s:. pyiigdinccadoniliet@i00102

carbony )3-heH-5.n By SRy AL Ly RGeS B
4-amino-6;01-(4{(];&@immféﬁMGmmﬁmlinyl)carbonyl)-6- fluoro-3-ph enyl1-2-quinolinyl
JethyDamino)-5-pyrimi dineGARRRIR, inhibition of Class Ta and Class I PI3K
AKT1 (PKBa) is regulated by Class Ia PI3K activated by mitogenic factors (IGF-
10 1, PDGF, insulin, thrombin, NGF, etc.). In response to mitogenic stimuli, AKT1
translocates from the cytosol to the plasma membrane
Forkhead (FKHRL1) is a substrate for AKTL. Itis cytoplasmic when
phosphorylated by AKT (survival/growth). Inhibition of AKT (stasis/apoptosis) -
forkhead translocation to the nucleus
15 FYVE domains bind to PI(3)P. the majority is generated by constitutive action of
PI3K Class 111
AKT membrane ruffling assay (CHO-IR-AKTI-EGFP cells/GE Healthcare)
Wash cells with assay buffer. Treat with compounds in assay buffer 1 h. Add 10
ng/mL insulin, Fix after 10 min at room temp and image
20 Forkhead translocation assay (MDA MB468 Forkhead-DiversaGFP cells)
Treat cells with compound in growth medium 1 h. Fix and image.
Class IIT PI(3)P assay (U208 EGFP-2XFYVE cells/GE Healthcare)
Wash cells with assay buffer. Treat with compounds in assay buffer 1 h. Fix and
image.
25 Control for all 3 assays is 10uM Wortmannin:
AXT is cytoplasmic
Forkhead s nuclear
P1{3)P depieted from endosomes
Biomarker assay: B-cell receptor stimulation of CD69 or B7.2 (CD86)
30  expression
Heparinized human whole blood was stimulated with 10 ng/mL anti-1gD
(Southern Biotech, #9030-01). 90 pL of the stimulated blood was then aliquoted



0.000556 4-amino-6-(0 -(6- uoro-443-hydroxy-1-azetidinyl)carbonyl)-
3-phenyl1-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile 0.000755
4-amino-641-(6-fluoro-443-methoxy-l-azetidinyl)carbonyl)-
3-pheny1-2}a iﬁ%ﬂ@fﬁ?hyl)amino)-5-pyrirnidinecarbonitrile 0.00175
2-(146-amino-5-cyano-4-pyrimidinyl)amino)ethy1)-6-fluoro-
N-(2-(4-morpho|iny‘27ethy1 -3-pheny1-4-quinolinecarboxamide 0.00102
4-amino-6-((-1-(6l %ngl’ﬁé%oxymethyl)-s-pheﬁ)}fgz-
guinolinyl)ethyDamino)-5-pyrimidinccarbonitrile 0.00168 X .
4-amino-64(1S)-RE(BHAl GGt %W@Mi%t&-%iidﬁfﬁéﬁ%dz}%&%%bh‘?k%ﬁ"’amus concentrations of
y1)-2-quinoliny 1 )gttl) aminppapyfiondioacaosnivije DuQD2481DM + 10% FBS (Gibco).

2-((18)-1-((6-amigo-5-cyano-4-pyrimidiny L)amj thyl)- e "
fluoro-N-methy1- -%Rgnﬁ?%-glg%bgﬁ(r?é%écr %gggrﬁﬁé%gogl%@ ,CXpersmn) fo 6 h (for B7.2

4-ammo-6-((-1-(Buerson) (@icthyIstrmgOnseth(If alpresyiransierred to a 96-well, deep
2-quinoliny Lethylamine ) oapyyimtidinacrrpanitilg Q001881 cach of CD45-PerCP (BD
4-amino-64(1S)-1- 6-f.|uor0-4%%}g§ ro rﬁg%ﬁzgjdg%lé onces. 434071 CDEO
carbqnyl)-:%-pheﬁ’1 SSH ity pet yf% Ino)- -é)yrlmlﬁisr?é%nésr%bmtr&e' 3oB1S “RY478 wo-pcT- 185 -
4-§m|n0-6-(((1S)(E§Q@(@$¢1@nﬁc§4idﬁﬁ‘ﬂéih}orﬁhﬂfph@ﬁré/b)@aibgﬁwww@bb@sdph@nyl-z-
qumollnypethypammgf%(pyg 'ﬂ'@d&%%%&'ﬂﬁ%ﬁp well plate for antibody staining with 10 plL
cach of CD19-FITC (BD Biosciences, #340719) and CD&6-PeCy5 (BD
10  Biosciences, #555666). All stains were performed for 15-30 min in the dark at rt,
The blood was then lysed and fixed using 450 pL of FACS lysing solution (BD
Riosciences, #349202) for 15 min at rt. Samples were then washed 2X in PBS +
2% FBS before FACS analysis. Samples were gated on either CD45/CD19

PCTAIS2010/039942

doubie positive celis for CD69 staining, or CD19 positive cells for CD86 staining.
15  Gamma Counterscreen: Stimulation of human monceytes for phospho-AKT
expression
A human monocyte cell linc, THP-1, was maintained in RPMI + 10% FBS
(Gibco). One day before stimulation, cells were counted using trypan bluc
exclusion on a hemocytometer and suspended at a concentration of 1 x 10° celis
20 per mL of media. 100 nlL of cells plus media (1 x 10° celis) was then aliquoted per
well of 4-96-well, deep well dishes (Nunc) to test eight different compounds.
Celis were rested overnight before treatment with various concentrations (from
10-0.0003uM) of blocking compound. The compound dituted in media (12 pL)
was added to the cells for 10 min at 37 °C. Human MCP-1 (12 uL, R&D
25 Diagnostics, #279-MC) was diluted in media and added to each well at a final
concentration of 50 ng/mL. Stimulation lasted for 2 min at rt. Pre-warmed FACS
Phosflow Lyse/Fix buffer (1 mL of 37 °C) (BD Biosciences, #558049) was added
to each well, Platcs were then incubated at 37 °C for an additional 10-15 min,
Plates were spun at 1500 rpm for 10 min, supernatant was aspirated off, and I mL
30  ofice cold 90% MBEQOH was added to cach well with vigorous shaking. Plates
were then incubated either overnight at -70 °C or on ice for 30 min before

antibody staining. Plates were spun and washed 2X in PBS + 2% FBS (Gibceo).



0.00435 2-(( 15)-1-((6-amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6-
fluoro-N,N-dimethy1-3-phenyl-4-quinolinecarboxamide 0.00083
2-((15)-1-((6-amino-5-cyano-4-pyrimidinyl)amino)ethy1)-6-
quoro-N,N-tWr%ém 133! [henyl-4-quinolinecarbOxami de 0.0218
4-amino-6-((-1-(6-fluoro-4-(4-morpholinylmethyl1)-3-phellyl-2-
guinolinypethypamino)-5-pyrimidinecarbonitri le 0.00131
2-((15)-146-amids-BL & ANS-By rimidinypamino) ety ?):N-
cthy1-6-fluoro-3-phenyl-4-quinolinecarboxarnide 0.0673 " .
z-(-l-((a-amino-ﬁf@;sgﬁwﬁg}rmmf&ﬂﬁW@tﬁw%gwsgﬂﬁﬁ%z%ﬁﬁ“ Rabbit pART
ethyl)-3-phenyl-4mmmwtﬁ@ﬁﬁag;i#desmg&%;m(Rke&m@n&m-&dy&nnpm@m}m@myl)a.no)ethyl)-N-
(cyclopropyimethyl):6fluoro-3-ohenvlAs AInPIRPGRR X PRIFE: & 095 min. Superatan

was aspirated and cells were suspended in remaining buffer. Secondary antibody,
5 goat anti-rabbit Alexa 647 (50 ulL, Invitrogen, #A21245) at 1:500, was added for

PCT/US2010/039942

30 min at rt with shaking. Cells were then washed 1X in buffer and suspended in
150 ul of buffer for FACS analysis. Cells need to be dispersed very well by
pipetiing before running on flow cytometer. Cells were run on an LSR Il (Becton
Dickinson) and gated on forward and side scatter to determine expression levels

10  of pAKT in the monocyte population.
Gamma Counterscreen: Stimulation of monocytes for phospho-AKT
expression in mouse bone marrow
Mouse fermurs were dissected from five female BALB/c mice (Charles River
Labs.) and collected into RPMI + 10% FBS media (Gibco). Mouse bone marrow

15 was removed by cutting the ends of the femur and by flushing with 1 mL of media
using a 25 gauge needle. Bone marrow was then dispersed in media using a 21
gauge needle. Media volume was increased to 20 ml. and cells were counted
using trypan blue exclusion on a hemocytometer. The cell suspension was then
increased to 7.5 x 10° cells per 1 mL of media and 100 pL (7.5 x 10° cells) was

20  aliquoted per well into 4-96-well, deep well dishes (Nunc) to test eight different
compounds. Cells were rested at 37 °C for 2 h before treatment with various
concentrations (from 10-0.0003uM) of blocking compound. Compound diluted in
media (12 yL) was added to bone marrow cells for 10 min at 37 °C. Mouse MCP-
1 (12 uL, R&D Diagnostics, #479-JE) was diluted in media and added to each

25 well at a final concentration of 50 ng/ml. Stimulation lasted for 2 min at1t, 1
mL of 37 °C pre-warmed FACS Phosflow Lyse/Fix buffer (BD Biosciences,
#558049) was added to each well. Plates were then incubated at 37°C for an
additional 10-15 min. Plates were spun at 15300 rpm for 10 min. Supernatant was
aspirated off and 1 mL of ice cold 90% MEOH was added to each well with

30 vigorous shaking. Plates were then incubated either overnight at -70 °C or on ice
for 30 min before antibody staining. Plates were spun and washed 2X in PBS +

2% FBS (Gibco). Wash was aspirated and cells were suspended in remaining



I I 4-§1mino-6-(((1S)-1-(6-fIuoro-4-methoxy-3-pheny1-2-
q(umollnypethynamino)-5-pyrimidinccarbonitrile 0.00118 4-amino-6-(((1 R)- |
-(6-fluoro-4-methoxy-3-phenyl-2- quinolinypethypamino)-5-pyrimidinecarpepitr
4-amin0-6-&V(f_)sz)qia-/é-lzJ ?5-difluorophenyl)-6-f|uoro-4- PeRREA R Rt
n(1ethoxy-2-qumolinyeethyl)amino)-5-pyrimidinecarbonite 0.0684 4-amino-6-(-1
-(6-fluoro-4((2-methoxyethypamino)-3-phcnyl- 2-quinolinypethypamino)-5-pyrimidinecarbonitrile
0.00135 4-amin@%‘-‘@-%ﬁ@éc@imethylamino)etﬁ)}ff)a'mino)-6-ﬂu0r0-3-

pheny1-2-quinotinyl)ethyl)aming)-5-pyrimidinecarbonitrile 0.00133
o615 PG5 BB i G T AHTCI 35 S0) Vs hen added pr well fo 10

pheny1-2-quinoliagpathy pefeirs )G primidifetanp aitibiel®x0006¢d in buffer; CD11b-
Alexad88 (BD Biosciences, #557672) at 1:50, CD64-PE (BD Biosciences,
#558455) at 1:50, and rabbit pAKT (Cell Signaling, #4058L) at 1:100, were added

5  to each sample for 1 h at RT with shaking. Wash buffer was added to cells and

spun at 1500 rpm for 10 min. Supernatant was aspirated and cells were suspended
in remaining buffer. Secondary antibody; goat anti-rabbit Alexa 647 (50 uL,
nvitrogen, #A21245) at 1:500, was added for 30 min at rt with shaking. Celis
were then washed 1X in buffer and suspended in 100 pL of buffer for FACS

10 analysis. Cells were run on an LSR II (Becton Dickinson) and gated on
CD11b/CD64 double positive cells to determine expression levels of pAKT in the
monocyte population,
pAKT in vivo Assay
Vehicle and compounds arc administered p.o. (0.2 mL) by gavage (Oral Gavage

15  Needles Popper & Sons, New Hyde Park, NY) to mice (Transgenic Line 3751,
female, 10-12 wks Amgen Inc, Thousand Oaks, CA) 15 min prior to the injection
i.v (0.2 mLs) of anti-IgM FITC (50 ug/mouse) {(Jackson Immuno Rescarch, West
Grove, PA). After 45 min the mice are sacrificed within a CO; chamber. Blood 18
drawn via cardiac puncture (0.3 mL) (lec 25 g Syringes, Sherwood, St. Louis,

20 MO)and transferred into a 15 mL conical vial (Nalge/Nunc International,
Denmark). Blood is immediately fixed with 6.0 mL of BD Phosfiow Lyse/Fix
Buffer (BD Bioscience, San jose, CA), inverted 3X’s and ptaced in 37 °C water
bath. Half of the spleen is removed and transferred to an eppendorf tube
containing 0.5 mlL of PBS (Invitrogen Corp, Grand Istand, NY). The spleen 1s

25 crushed using a tissue grinder (Pellet Pestle, Kimble/Kontes, Vincland, NJ) and
immediately fixed with 6.0 mL of BD Phosflow Lyse/Fix buffer, inverted 3X’s
and placed in 37 °C water bath. Once tissues have been collected the mouse 18
cervically-dislocated and carcass to disposed. After 15 min, the 15 mL conical
vials are removed from the 37 °C water bath and placed on ice until tissues are

30  further processed. Crushed spleens are filtered through a 70 um cell strainer (BD
Bioscience, Bedford, MA) into another 15 mL conicai vial and washed with 9 mL

of PBS. Splenocytes and blood are spun @ 2,000 rpms for 10 min (cold) and



4-amino-6-(((_|R)-l-(6-f1uoro-442-methoxyethyDalrnno)-3-
phenyl-z-qumolinypethyDamino)-S-pyrimidinecarbOnltrlIe 0.0622
4-am|no-6-&i,1-%?)-%}go,r}g#-OZ-(methylsu1fonypethy1)amino)-3-
phenyI-Z-q o] myp‘e%hﬁ)amino)-S-pyrimidinccarbonitrile 0.000463
4-amino-6-(-1-(6-fluoro-44(2-hydroxyethyl)amino)-3-phenyl-
2-quinolinyl)ethyl)amino)-5-pyrimidinecarbOnltrile 0.000396 4-amino -6-(((1S)-1-(6-fluoro-4-((2-
gfmethyISlgf?(r(li/p ) ﬁ?%ﬁ%é@?—@lphenyl-z- guinoliny %{Hypamino)-S-pyrimidinecarbonic 0.000226
-amino-6-(((1S )-1-(6-fluoro-4-(methyl sulfony 0 ;3.pheny1-2- o
qu!nol!nypethyD‘é‘fﬁﬁ?fd)’-ﬁ%%fﬁﬁ;%‘?i%ﬂﬁéﬁﬂﬁ%c%%%&?ﬂ?%(ﬁfg‘rlﬁij _r")'(g)-49()rr?gf[)ﬁﬂls%?%nyl)-3-phenyI-2-
qu!no|!nypethyl)@wmu@mﬁ;magruﬂocm@asmmf(hﬂl(ﬁsmr@réw(mwémﬁﬁ@ﬁg}iﬁ@%@ﬁyz-z-
qumollnypethyl)-(%lgi-& Q&lqg%ﬁy{&?y%%?c‘é Tissues are then stored at -20 °C until cells can be

stained for FACS analysis.

PCT/US2018/039942

5 Multi-dose TNP immunization

Blood was collected by retro-orbital eye bleeds from 7-8 week old BALB/c
female mice (Charles River Labs.) at day 0 before immunization. Blood was
allowed to clot for 30 min and spun at 10,000 rpm in serum microtainer tubes
(Becton. Dickinson) for 10 min. Sera were collected, aliquoted in Matrix tubes

10 (Matrix Tech. Corp.) and stored at -70 °C until ELISA was performed. Mice were
given compound orally before immunization and at subsequent time periods based
on the life of the molecule. Mice were then immunized with either 50 pg of TNP-
1.PS (Bioscarch Tech., #T-5065), 50 g of TNP-Ficoll {Biosearch Tech., #F-
1300, or 100 pg of TNP-KLH (Biosearch Tech., #T-5060) plus 1% alum

15  (Brenntag, #3501) in PBS. TNP-KLH plus alum solution was prepared by gently
inverting the mixture 3-5 times every 10 min for 1 b before immunization. On
day 5, post-last treatment, mice were CO; sacrificed and cardiac punctured.
Blood was allowed to clot for 30 min and spun at 10,000 rpm in serum
microtainer tubes for 10 min. Sera were collected, aliquoted in Matrix tubes, and

20 stored at -70 °C until further analysis was performed. TNP-specific IgGl, 1gG2a,
JeG3 and IgM levels in the sera were then measured via ELISA. TNP-BSA
(Biosearch Tech., #T-5050) was used to capture the TNP-specitfic antibodies.
TNP-BSA (10 ug/ml) was used to coat 384-well ELISA plates (Corning Costar)
overnight. Plates were then washed and blocked for 1 h using 10% BSA ELISA

25 Block solution (KPL). After blocking, ELISA plates were washed and sera
samples/standards were serially diluted and allowed to bind to the plates for 1 h.
Plates were washed and Ig-HRP conjugated secondary antibodies (goat anti-
mouse IgG1, Southern Biotech #1070-05, goat anti-mouse 1gG2a, Southern
Biotech #1080-05, goat anti-mouse IgM, Southern Biotech #1020-03, goat anti-

30 mouse IgG3, Southern Biotech #1100-05) were diluted at 1:5000 and incubated
on the plates for 1 h. TMB peroxidase solution (SureBlue Reserve TMB from

KPL) was used to visualize the antibodies. Plates were washed and samples were



4-ammo-6-((-1-(6-fluoro-4-((R)-(2-hydroxyethyl )sulfiny1)-3-
phenyl-z-quinolinyl)ethyl)amino)-5-pyriraidinecarbonitrile 0.00248

4-qm|no-64{¥|1§éé%6 155-lflligro-{-(methylsu1fony1)-3-phenyl -2- POT/US2016/039942
quinolinypethy am|n03- -pyrimidinecarbonitrile 0.466 A-1478 WO-PCT- 186 -
4-amino-64(1S)-1-(5-fluoro-4-(methylsulfony1)-3-phenyl-2-1
quinolinypethypamino)-5-pyrimidinecarbonitrile O.%%B

N-((15)-1-(6-fluo%‘6-14‘-7(§r}¥ Sﬁgﬁfonyl)-S-phenyl-Z-h olinyl)- ethyl)-9H-purin-6-amine 0.00112
N-((IR)-1-(6-fluoro-4-(methylsylfony1)-3-phenyl-2-quinolinyl)- ethyl);9H-purin-6-amine ©.41
4-amino-6-((-1-(§l@§%Hﬂ§%Y8 ah 31%8%%9?‘%@%%“@@%%ngmn ety Of fis
sulfony1)-2-quintdiayDethypaminskSepyrimidimecanti 1M rldforGoacig and plates were read
4-amino-64-1-(6£%9r8- §§§M%ﬂ;ydroxyethyl)sulfinyl)-s-
pheny1-2-quinolinypéthyl)amino)-5-pyrimidinecarbonitrile 0.0018 2-(1-(6-Amjno-5- opynmidin
-4-ylamino)cthyl)-6-fluok Diﬂﬁé’t’ﬁﬁf-@?@ﬁﬂ*i“éﬁﬁh?%‘}(ﬁ}ﬂﬁﬁéﬁ?féﬁﬁ%g?%%%@&éﬂ%

5  Alphascreen® assay:

Compound Ki (pM)
4-amino-1-((18)-1-(6-fluore-3-(5-fluoro-3-pyridinyl)-2- 0.024997
quinolinyethyl)-1H-pyrazolo[3,4-d|pyrimidine-3-carbonitrile

4-armno- 1~((1R)-1-(6-fluoro-3-(5-fluoro-3-pyridinyl)-2- 5.4689475
quinoliny])ethy!)-1H-pyrazolof3,4-d|pyrimidine-3-carbonitrile
4-amino-6-(((1S)-1-(6-fluoro-3-(6-(methylsulfonyl)-2- 0.1297
pyridinyl)-2-quinolinyl)ethylamino)-3-pyrimidinecarbonitrile
N-(1-(6-fluoro-3-(2-pyridinyl)-2-quinolinylyethyl)-9H-purin-6- | 0.0212875
amne

N-((1S)-1-(6-fluoro-3-(2-pyridinyl)-2-quinolinyl)ethyl)-9H- 0.004147
purin-6-amine

N-((1R)-1-(6-fluoro-3-(2-pyridinyl)-2-quinclinyl)ethyl)-9H- 0.2168
purin-6-amine

N-(1-(6-fluoro-3~(2-pyridinyD)-2-quinolinyl)ethyl)-4- 11.632679
pyrimidinamine

N-(3-(6-fluoro-3-(2-pyridinyl)-2-quinotinyl)ethyl)-4,6- 3.7315
pyrimidinediamine
N~d~-((1R}-1-(6-fluoro-3-(2-pyridinyl)-2-quinolinyljethyl)-2,4~ | 5.5205
pyrimidinediamine

4-amino-6-((1-(6-fluoro-3-(2-pyridinyl)-2- 0.004217
quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-((1-(6-fluoro-3-(2-pynidinyl)-2-quinolinyl)ethyl)amino)-6- 0.054%
hydroxy-5-pyrimidinecarbonitriie
4-amino-1-((18)-1-(6-fluoro-3-(2-pyridinyl)-2- 0.0076745
quinolinyDethyl)-1H-pyrazolof3,4-d]pyrimidine-3-carbonitrile
4-amino-1-({1R)-1-(6-fluoro-3-(2-pyridinyl)-2- 0.32
quinolinyDethyl)-1H-pyrazolo[3,4-d]pyrimidine-3-carbonitrile
4-amino-6-((1-(5-chioro-3-(2-pyridinyl)-2- 0.0016
quinolinyDethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(((1$)-1-(5-chloro-3-{ 2-pyridinyi)-2- 0.0004
quinolinyethyhamino)-3-pyrimidinecarbonitrile
4.amino-6-(((1R)-1-(5-chloro-3-{2-pyridinyl)-2- 0.0579
quinolinyi)ethyl)amino)-5-pyrimidinecarbonitrile
2-((18)-1-((6-amino-5-cyano-4-pyrimidinylamino)ethyl)-3-(2- | 0.0141
pyridinyi)-S-quinolinecarbonitrile
2-((1R)-1-((6-amino-5-cyano-4-pyrimidinyl)amino jethyl)-3-(2- 2.64
pyridinyl)-3-quinolinecarbonitrile
4-amino-6-((1-(3-(2-pyridinyl)-1,8-naphthyridin-2- 0.225
v])ethylamino)-5-pyrimidinecarbonitiile |




(S)-2-(1-(6-Amino-5-cyanopyrimidin-4-ylamino)ethyl)-N-
ethy1-6-fluoro-3-(pyridin-2-yOquinoline-4-carboximidamide 0.0036
(5)-2-(1-(6- A inQ 3 opyrimidin-4-ylamino)ethyl)-6-

01071 PCT/US2010/039942
fluoro-N- (ZW roxyet])ri ﬁ 3-(pyridin-2-yl)qu1110line-4- carboxamide 0.00757
(S)-2-(1-(6-Amino-5-cyanopyrimidin-4-ylamino)ethyl)-N-
cyclopropyl-6-fluoro- 3‘§3($’Idln -2-yDquinoline-4-c %; Oxamide 0.00164

2-1-4(6- Amlno-Bl-"c% %ﬁ;ldlnypam no)ethyf) luoro- 3-(2-pyridiny1)-4-quinolinecarboxylic acid
0 119 2 ( 1 ((6 Amlnn 5. r‘\Iﬂnn A-nvurinmidiny | PP

e o et Tom
241R)-14(6-Ani A it R henyi-2- 0.0013
I gém%?%z%

quoro-N-methylElm il
2-(14(6-Amino-bey a6 Ry TIRTRYURITIT UeREH YD henyl-2- 0.0004
N,N-dimethy1-3-( -0y KtL %%@9 mqgﬁ%@mﬁg@t 0777 4-Amino--((1-(6-fluoro-4-0
-plpe_razmylcart ) VAR R)Z-0HEmRHRYpeiRyiasane-r5-pyrimidinecasionle 0.00429
4-amino-6-(1-(6-fluaendABnbudraxyasetidneridatonyh)-de
(pyridin-2-yDquinolinrdoydlethylaseinp)pypimitdiyie-5- carbonitrilc 0.0119 Fér2fié treatment of
PI31Q_—med|ated@jﬁ&ﬁﬁ%}nwhﬂmmwmdmiémmmbcammosinq spondylitis, asteoarthritis, psoriatic
arthritis, psoriasig;amino-6-(((8-fluoro-3-phenyl-2-quinotinylymethyljamino)-5- | 0.0123
pyrimidinecarbonitrile
4-amino-6-(((5-fluoro-3-phenyl-2-quinolinylymethyljamino)-5- 0.107
pyrimidinecarbonitrile

4-amine-6-({(5-fluoro-3-(3-fluorophenyl)-2- 0.102
quinolinyDmethyl)amino)-3-pyrimidinecarbonitrile
4-amino-6-(((3-(3,5-difluorophenyt)-5-fluoro-2- 0.246
quinolinyhymethybamino)-5-pyrimidinecarbonitrile
4-amino-6-(((3-fluoro-3-(2-(methylsulfonyl)phenyl)-2- 0.039
quinolinyDmethyljamine)-3-pyrimidinecarbonitrile
4-amino-6-(({5-fluoro-3-(2-pyridinyl)-2- 0.137

quinohnyl)methyl}amina}-s-pyrimidinecarbonitrile
4-amino-6-((-1-(4-(dimethylamino)-6-fluoro-3-(2-pyridinyh-2- 1 0.0014
quinolinyethyl)amino)-5-pyrimidinecarbonitrile
4—amin0—6~((-1—(6-ﬂuorouél—(4—m0rphoiinyl)—3-(Z-pyridinyi)-z— 0.00119
quinolinylethyhamino)-3-pyrimidinecarbonitrile

4-amino-6-({-1-{6-fluoro-4-(3-hydroxy-1-azetidinyl}-3-(2- 6.00178
pyridinyi)-2 qumohnyl)ethyl)ammo) -5-pyrimidinecarbonitrile
2-((18)-1-({6-amino-5-cyano-4-pyrimidinyljamino)ethyl)-6- 0.0148
fluoro-N,N-dimethyl-3-phenyl-4-guinolinecarboxamide
4-amino-6-({{18)-1-(6-fluoro-4-(4-morphotinyicarbonyl)-3- 0.000505
phenyl -2-guinolinylethyl)amino)-3-pyrimidinecarbonitrile
4-amino-6-(((15)-1-(6-fluoro-4- (((SS) 3~hydr0xy 1- 0.000657

pyrrolidinyl)carbonyl)-3-phenyl-2-quinolinyljethyl)amino)-5-
pyrimidinecarbonitrile
4-amino-6-({(15)-1-(4-((1,1-dioxido-4-thiomorpholinyi)- 0.00124
carbonyl)-6-fluoro-3-phenyl-2-quinolinyljethyljamino)-5-
pyrzmldmecarbommlc

2-((18)-1~((6-amino-5-cyano-4-pyrimidinyljamino)ethiyl)- -6- 0.00276
fluoro-3-phenyl-4-quinolinecarbonitrile
2-((18)-1-({6-amino-5-cyano-4-pyrimidinyl)aminoJethyl)-6- 0.00133
fluoro-3-phenyl-4-quinolinecarbonitriic
2-((1R)-1-((6-amino-3-cyano-4-pyrimidinyl)amino)ethyl)-6- 0.0591

fluoro-3-phenyl-4-quinolinecarbonitrile
methyl 2-(-1-((6-amino-5-cyano-4-pyrimidinyljamino)ethyt)-6- 0.00156
fluoro-3-phenyl-4-quinolinecarboxylate




5 inflammatory diseases, and autoimmune diseases, the compounds of the present invention may be
administered orally, parentally, by inhalation spray, rectally, or topically in dosage unit formulations

contalnlng conventional

harmaceutically acceptable carriers, adJuvantsPé@gJé%qm% 4 he term

parenteral LY jﬁé?@ﬁf\ includes, subcutaneous, intravenous, intramuscular, intrastcmal, infusion 1
Otechniques or intraperitoneally. WO 2010/151740PCT/US2010/039942 A-1478 WO-PCT- 187 -
Treatment of diseases and disorders herein is intended to also include the prophylactic administration
of a compound St &P a pharmaceutlcarégff thereof, or a pharmaceutlcal composmon of
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“d-armno-6-((-1-(6-1

carbonyl)-3-phenyl-2-quinolinyl)ethyl)amino)-5-pyrimidine-

carbontirile

Goro-4-(4-mdrpholinylcarbonyl)-3-phenyl- | 0.00288
2-quinolinyl)ethyljamino)-5-pyrimidinecarbonitrile
4-amino-6-{(-1-(6-fluoro-4-({(3S)-3-hydroxy-1- 0.00102
pyrrolidinytycarbonyl}-3-phenyl-2-quinolinylyethyl)amino)-5-
pyrimidingcarbonitrile
4-amino-6-((-1-(6-fluoro-4-({(3R)-3-hydroxy-1-pyrrolidinyl)- 0.00507
carbonyl)-3-phenyl-2-quinolinyl)ethylamino)-35-pyrimidine-
carbonitrile
4-amino-6-((1-(4-((1,1-dioxido-4-thiomorpholinyt)carbonyl)-6- | 0.000556
fluoro-3-phenyl-2-guinolinyl)ethyl}amino)-5-pyrimidine-
carbonitrile
4-amino-6-({1-(6-flnoro-4-((3-hydroxy-1-azetidinybcarbonyl)- | 0.000753
3-phenyl-2-quinotinyDethyl)amino)-5-pyrimidinecarbonitrile |
4-ammino-6-({1-(6-fluoro-4-((3-methoxy-1-azetidinyl)carbonyl)- | 0.00175
3-phenyl-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
2-(1-((6-amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6-fluoro- 0.00102
N-(2~(4-morpholinyl)ethyl)-3-phenyl-4-quinolinecarboxamide
4-amino-6-({- 1 <(6-fluoro-4-(hydroxymethyl)-3-phenyl-2- 0.00168
quinoliny!)ethyljamino}-5-pyrimidinccarbonitrile
4-armino-6-(((18)-1-(6-fluoro-3-phenyl-4-(1-piperazinyicarbon- | 0.000248
y1)-2-quinolinyl)ethyl)amino)-S-pyrimidinecarbonitrile
2-({(1S)-1-{{6-amino-5-cyano-4-pyrimidinyl)amino)cthyi)-6- 0.00127
fluoro-N-methyl-3-phenyl-4-quinolinecarboxamide
4-amino-6-((-1-(6-fluoro-4-((methylsulfonyl)methyl)-3-phenyl- | 0.00138
2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-{((1S)-1-(6-fluoro-4-((3-hydroxy-1-azetidinyl)- 0.0013




about 1 to 500 mg, more preferably from about 5 to 150 mg. A suitable daily dose for a human or other
mammal may vary widely depending on the condition of the patient and other factors, but, once again,

can be determined usin

routine methods. 30The active ingredient may glspheadmynisiered by

injection as‘g%%%%bgs}iﬁgn with suitable carriers including saline, dextrose, or water. The daily
parenteral dosage regimen will be from about 0.1 to about 30 mg/kg of total body WO
2010/151740PCT/US2010/039942 A-1478 WO-PCT- 188 - weight, preferably from about 0.1 to about

10 mg/kg, and risre! BFePablytfrom about 0.25 mid 3 1 mg/kg.
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4-amino-6-(({18)-1-(3-(3,5~difluoropheny!)-6-fluoro-4- 0.0684
methoxy-2-quinolinyl)ethyl)amino)-3-pyrimidinecarbonitrile
4-amino-6-(-1-(6-fluoro-4-((2-methoxyethyljamino)-3-phenyl- | 0.00135
2-quinolinyl)ethyllamino)-3-pyrimidinecarbonitrile
J-amino-6-(~1-(4-((2-(dimethylamino)ethylyamino)-6-fluore-3- | 0.00133
phenyl-2-quinolinyl}ethy])amino}-S-pyrimidinecarbonitrile
4-amino-6-(((15)-1-(6-fluoro-4-((2-methoxyethylamine)-3- 0.00061
phenyl-2-quinolinyl)ethyl)amino)-S-pyrimidinecarbonitrile
4-amino-6-({({1R)-1-{6-fluoro-4-((2-methoxyethyl jamino }-3- 0.0622
phenyl-2-quinolinyhethyljanino)-5 -pyrimidinecarbonitrile
4-amino-6-(-1-(6-fluoro-4-((2-(methylsulfonyl)ethyl)amino)-3- | 0.000463
phenyl-2-quinolinyl)ethyl}amino)-S-pyrimidinecarbonitrile

4-amino-6-(-1 -(6-fuoro-4-((2-hydroxyethyl)amino)-3-phenyl- | 0.000396
2-quinolinyl)ethyDamino)-5-pyrimidinecarbonitrile
4-amino-6-{((15)-1~(6-fluoro-4-{(2- 0.000226
(methylsulfonyl)ethyljamino)-3-phemnyl-2-
quinolinyl)ethyi)amino}-3-pyrimidinecarbonitrile
4-amino-6-(((18)-1-(6-fluoro-4-(methylsulfonyl}-3-phenyl-2- 0.000741
quinolinyl)ethyDamino)-5-pyrimidinecarbonitrile
N-{1-(6-fluoro-4-{methylsulfony!)-3-phenyl-2- 0.00234
quinolinyl)ethyl}-9H-purin-6-amine
N-(-1-(5-fluoro-4-(methylsulfonyl)-3-phenyl-2- 0.00224
quinolinyDethyl)-9H-purin-6-amine
4-amino-6-((-1-(6-fluoro-4-((R)-(2-hydroxyethylsultinyl)-3- 0.00248
phenyl-2-quinolinyl)ethyiamino)-5-pyrimidinecarbonitrile
4-amine-6-(((1R)-1-(5-fluoro-4-(methylsulfonyl)-3-phenyl-2- 0.466

quinolinyl)ethylamino)-3-pyrimidinecarbonitriie




combined with one or more adjuvants appropriate for the indicated route of 30administration. The
compounds may be admixed with lactose, sucrose, starch powder, cellulose esters of alkanoic acids,

stearic acid, talc, ma

JXO Y

sulfuric aci

%nesium stcarate, magnesium oxide, sodium and caleiumsfig:98,hosphoric and
13018/151740PCT/US20 1/039942 A-1478 WO-PCT- 189 - acacia, gelatin, sodium

alginate, polyvinyl-pyrrolidine, and/or polyvinyl alcohol, and tableted or encapsulated for conventional
administration. Alternatively, the compounds of this invention may be dissolved in saline, water,
polyethylene glytoldprop§tebeglycol, ethanol, corn Sil; peanut oil, cottonseed oil, sesame oil, 5
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5 racemic

(pyridin-2-yhquinolin-2-yl)ethylamino)pyrimidine-3-
carbonitrile

2-(-1-({6-Amino-5-cyano-4-pyrimidinyl)amino ethyi)-6-fluoro- 0.00176
N-methyl-3-(2-pyridinyl)-4-quinoiinecarboxamide
2-{(1R)-1-((6-Amino-3-cyano-4-pyrimidinyljamino)ethyt)-6- 0.123
fluoro-N-methyl-3-{2-pyridiny[)-4-quinolinecarboxamide
2-(1-((6-Amino-5-cyano-4-pyrimidinyljamino)ethyi)-6-fluoro- 0.00777
N, N-dimethyi-3-(2-pyridinyl)-4-quinolinecarboxamide
4-Amino-6-((1-(6-fluoro-4-( 1-piperazinylcarbonyl)-3-(2- 0.00429
pyridiny])-2-quinolinylethy!amino)-5 -pyrimidinecarbonitrile
4-amino-6-(1-(6-fluoro-4-(3-hydroxyazetidine-1-carbonyl)-3- 0.0119

10

For the treatment of PI3K8-mediated-discases, such as theumatoid

arthritis, ankylosing spondylitis, osteoarthritis, psoriatic arthritis,

psoriasis,

inflammatory diseases, and autoimmune diseases, the compounds of the present

invention may be administered orally, parentally, by inhalation spray, rectally, or

topically in dosage unit formulations containing conventional pharmaceutically

acceptable carriers, adjuvants, and vehicles. The term parenteral

as used herein

inctudes, subcutaneous, intravenous, intramuscular, intrasternal, infusion

technigues or intraperitoneally.



conventional processes, e.g., by formation of diastercoisomeric salts, by treatment with an optically
active acid or base. Examples of appropriate acids are tartaric, WO
2010/151740PCT/US2010/039942 A-1478 WO-PCT- 190 - diacetyltartagicrgibgggdiastaric,
ditoluoyltar}%’tﬂ@,ﬂ;%Wgé%phorsuIfonic acid and then separation of the mixture of diastereoisomers by
crystallization followed by liberation of the optically active bases from these salts. A different process
for separation of optical isomers involves the use of a chiral chromatography column 5 optimally
chosen to maxirizd TR&VEE4rtion of the enantismerfs. Still another available method involves

synthesis of covalent di astereoisomeric mole(%ftlegﬁb reactingm%%rlggg qs of thedie%%ntion with an
ey

) nd
optically pure acid in ah:&eRETCf fBHFIGH &6 BErTL8 VSRS e.%lq'ﬁéostf}ﬁ%ﬁesaed
diastereoisomers-gaiy hetrepmiaird:hipcofventippahmedhs swehtas.chpomassgripthsaiistillation, 1 0

crystallization or sublimation, and then qy%gg ed 1o deliver the & gigmggggum,re compound. The
optically active ég%%opu%d%pgfd the ?ﬁl\}?écnatign C%ér%i IikevSi'se be obtaine?gEby,usin active starting materials.

These isomers mafchd in ¢hearorml ohashaslaebly2 fremaa dsIare e e dP 3€HI Likewise, the
compoundsOf this, iYEmienBIa%eXiShasisamesanibal ibdbraasitetinils,ofthéosame molecular
formula but in which the atoms, relative to one another, are.arran 'g‘ ratily inpaicular, the
alkylene substitdBATS Vi the ESMESTHEL YRS ﬁq%%ﬁffd ?9{?@6}" ﬁbéﬁrr%g%q;r%%refg?abfy arranged and

inserted into the smolecnies dsdadicatddiiniike definitions for each of these groups, being read from left
to right. However, in Ceﬁ%i%&%ﬁ@?c%%r%w%iﬁﬁg@@ﬁ%ﬂle@ﬁlﬁ&%@&iﬁ@ibﬁkﬁr&@ﬂﬁﬁibIe to prepare

compounds of this invention in which these substityents are.reversed in orientafion. relative to the other
atoms in the moleaisalTsEYfs™iHe s FETRASATS bR H ST M L tREEAMNE As that noted above
except that it is insekgshiniedhel moleeterofifecteneiscwiienthtigmeOhdiskitedhinatre art will

appreciate that these isomeric forms of.the compaunds of 2othis inyeption.a8;:ie hg.construed as
encompassed Wmﬁ%{héesxc%cé& of Itﬁ%né}t[el%%ﬁt %vgntlionf The c%mpounds of the present invention

can be used in theierh whsaisraérian Mg RRiIcosoNT AT RIS THES RS (i‘lf%f’@ae, but are not
limited to, the foll%ﬁggﬁ acstatey adipatepaleinate dsitratiRcaspaditate, benzoatdaddbenzenesulfonate,

dodiocyluliat, CBARRMIBTERE: BITOPEDORG D AL R F ozt
hexanoate sfumasgite,dyydeathiptidey, WE2019/A610 0PETI US20 16/089%4 A1 478 WO-PCT- 191 -
preferably from about 0.25 mg to | mg/kg are useful for all methods of use
disclosed herein.
The pharmaceutically active compounds of this invention can be processed
in accordance with conventional methods of pharmacy to produce medicinal
20  agents for administration to patients, including humans and other mammals.
For oral administration, the pharmaceutical composition may be in the
form of, for example, a capsule, a tablet, a suspension, or liquid. The
pharmaceutical composition is preferably made in the form of a dosage unit
containing a given amount of the active ingredient. For example, these may
95  contain an amount of active ingredient from about 1 to 2000 mg, preferably from
about 1 to 500 mg, more preferably from about 5 to 150 mg. A suitable daily
dose for a human or other mammal may vary widely depending on the condition
of the patient and other factors, but, once again, can be determined using routine
methods.
30 The active ingredient may also be administered by injection asa
composition with suitabie carriers including saline, dextrose, or water. The daily

parenteral dosage regimen will be from about 0.1 to about 30 mg/kg of total body



hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, malcate, rnethansulfonate, nicotinate,
2-naphthalenesulfonate, oxalate, palmoate, pectinate, persulfate, 2-phenylpropionate, picratc, pivalate,
proplonate, suc%lnz/;lt%, 5\'/}V|tate, thiocyanate, tqsylatg, mesylate, and undege,@%%“ﬁ!%atgﬁe basic
nitrogen- 588%.%% roups can be quaternized with such agents as lower alkyl halides, such as
methyl, ethyl, propyl, and butyl chloride, bromides and iodides; dialkyl sulfates like dimethyl, diethyl,
dibutyl, and diamyl sulfates, long chain halides such as decyl, lauryl, myristyl and stearyl chlorides,
bromides and ioéidéé’?é}?fé?k?pﬁalides like benzyl éﬁ%lgﬁhenethyl bromides, and others. Water or

oil-soluble or 1 Odispersible products are thereby obtag@ed Exgm les of.a stthat may be
) ; eferably from . .
ﬁ%%%aﬁ% INCTUEE SUE |Horganlc acids as

employed to froM PEEuREESaNBAlY BRa bl GRH

hydrochloric acidpsutfoids agidanaiphgsphoric acid and such organic acids as oxalic acid, maleic acid,
succinic acid and Cimcﬁ]cci:gfagzt{é%rc?M%@Ed%%%eﬁ%tﬁlj@% lkali pefielslaey alkaline earth metals,
' IuMm or magnesi g

such as sodium, potassium, ca or magnesium or with organic bases. . Also encompassed in
the scope of the PreSBHEMVERHGE BB WIHEFacardiBglly BEdEEBIE e Lte B4 S rboxylic acid or
hydroxyl confainingereupe ircdainga-meiabelicahalabigeastemat apitdrigfarm of a compound of
20this invention. A metabolically, lahile ester is one which may produce. for. ex n increase in
blood levels andjﬁ?g%ﬁtéofh’éwé% Hcy of 1 eg%grl 8%%1\(4)\% Pr%‘éﬁr?cr)};\-essl"fsék:?lgég%lr?rﬁ %@fﬁ%{g)mpound. A
prodrug form is qnecwhiatyisavoptirb Enddutivierfoinvofitter mislepltetas Wdfidieled but which becomes
therapeutically agfive affar %&H?ﬁ%’lﬁ’é\é%ﬁ%ﬁ/ QhRiRtanstRnuAiomsHEh s mptapealism, for
25example, enzymatic or hydrolytic cleavage. For a general discussion of prodr %%.(i)rﬁvolving esters
see Svensson aeE THEKDRGE MEHBITs ARRIORWE Y88 § l@)“glﬁaoéﬁlr? 0 Iérac? é3ign of Prodrugs,
Elsevier (1985). kxarpiesdsis maskaedeodrnaitylateayionincleties vasieyeodiagters, such as alkyl (for

example, methyl ik HGIORK .Oagéﬁ&”gggfa%%m@y@@ foexamals, benzyl, p-

| (f
30methoxybenzyli3l, and alkylear our] Poxya or example, pivaloyloxymethyl). Amines have been

masked as arylcarbsyiogyanethyisgibstiidesd iR daimien dra e Rlab it ises in vivo
releasing the freg dryo: gggggaiqlegmq%cmgmmw174OPCT/U82010/039942 A-1478 WO-PCT-
192 - (Bungaard J. Med, Che Also d{il(J) SF

imidazole, imide, indoIesﬁﬁﬁgﬂrﬂé.’ﬁf?g%{%?%%ggﬁur%% e 'ﬁlt%%%@ﬁ%(@%@%%%gﬁ ; Olé%nzlég;i:ls
Design of Prodmgsxiiséwidrud 98%) ). seyaroxyogrotpshasec irean saskeeraeidsiéss4nd ethers. EP
039,051 (Sloan apg Ahittie, Ak kdisglosasiManaish-bass ysiexarnicigeid Aradidge! their
temperature and will therefore melt in the rectum and release the drug.
A suitable topical dose of active ingredient of a compound of the invention
is 0.1 mg to 150 mg administered one to four, preferably one or two times daily.
20  For topical administration, the active ingredient may comprise from 0.001 % to
10% wiw, e.g., from 1% to 2% by weight of the formulation, atthough it may
comprise as much as 10% w/w, but preferably not more than 5% wiw, and more
preferably from 0.1% to 1% of the formulation.
Formulations suitable for topical administration include liquid or sermi-
25 liquid preparations suitable for penetration through the skin (e.g., liniments,
fotions, ointments, creams, or pastes) and drops suitable for administration to the
gye, ear, Or nose.
For administration, the compounds of this invention are ordinarily
combined with one or mere adjuvants appropriate for the indicated route of
30  administration. The compounds may be admixed with lactose, sucrose, starch
powder, cellulose esters of alkanoic acids, stearic acid, talc, magnesium stearate,

magnesium oxide, sodium and calcium saits of phesphoric and sulfuric acids,



preparation and use. Esters of a compound of this invention, may include, for example, the methyl,
ethyl, propyl, and butyl esters, as well as other suitable esters formed between an acidic moiety and a
hydroxyl containingg moiety. Metabolically labile esters, may include, for example. fnsthgxymethyl,
10ethoxymé¥ﬁ’ﬁ?1 3§N6Iboxymethyl, a-methoxyethyl, groups such as alkyloxy)ethyl, for example,
methoxyethyl, ethoxyethyl, propoxyethyl, isopropoxyethyl, etc.; 2-oxo-1,3-dioxolen-4-ylmethyl groups,
such as 5-methy1-2- oxo-1,3,dioxolen-4-ylmethyl, etc.; C1-C3 alkylthiomethyl groups, for example,
methylthiomethyﬁ“éﬂ?&lﬁﬁﬁgn?&ﬁyl, isopropylthiom”eiﬁ?lj’etc.; acyloxymethyl 15groups, for example,

pivaloyloxymethyl, a-acetoxymethyl, etc.; ethoxycarbonyl- 1-methyl: or a-acyloxy:a-substituted methyl
groups, for exaniBiéia-geattikyatiyn algl@ﬁ?tﬁéiﬁﬁ?%@%fﬁéﬁﬁﬁs%fi {Hléﬁ%@é’}r/]l}%r% kﬁ?%%xist as
crystalline solidsauhighican henrystaliizeddromooriomer: dofiresitstsuch dsmianbl, the
N’N'd'methylformam'geﬂ&ﬁ'gﬁﬁisoi%mﬁéﬁrﬁ%%’a%&’«:ﬁ@!ﬂ'@1?Jﬁﬁ%?@é‘t@??pﬂ%ﬂ@dﬁ?%gs of the 20invention

may exist as p0|§/?nm(ﬁ’p S, solvates an rates of the parent compounds or their pharmaceutically
acceptable saltsgAtiaf mosh fRrSy b ISaNaleors 1 (e BFratHIaE: S8HaMMSEAIHN T YR Siope of the

invention. ¢ Whileihgsqmposnds:ehinginiendonmas: hajadminisieracdas dhe sole active

pharmaceutical agent, they can alsﬁ1 eusedinc mbinatiq{p Ewiggp[ ope o 1Zl,gsern;_l)(?r(ghcjg)];‘ppounds of the
; \: __

invention or otheTSY8RIERMER Admi ?él}é%tg%%%rggﬁ ination, the therapeutic agents can be

formulated as sepayatelodepositicns thatzee wivens &t Yansaaine oe difdisaitimes, or the

therapeutic agenfs can be giyen 35.@ single sompesiioRatheforsningismerely illustrative of the
invention and is not intended to 30 limit the invention to the dlsgjlcosed coréﬁﬁmds. Variations and
T

changes which are obvig TGS iR TP SRS R Fh IEHERLFBPH8 Hithifi tAE scope and nature of
the inventiom whighcarédefinadids, thevdppendeppokaionss ) Win 2010574 (PC THISRO0/(139942
A-1478 WO-PCT. 193 From hsfareaqing deserintion, onesidliedin.heve.pneasily ascertain
the essential chara erls?lc_:é of this invention, and without departing from the spirit and scope thereof,
can make variou®changsinatidrmonikeation praiensvertishsteradapt N IBES usages and

conditions. 5 contain conventional adiuvants, such as preservatives, stabilizers, wetting agents,
emulsifiers, buffers etc.

15 Solid dosage forms for oral administration may include capsules, tablets,
pills, powders, and granules. In such solid dosage forms, the active compound
may be admixed with at least ope inert diluent such as sucrose, lactose, or starch.
Such dosage forms may also comprise, as in normal practice, additional
substances other than inert diluents, e.g., lubricating agents such as magnesium

20  stearate. In the case of capsules, tablets, and pills, the dosage forms may also
comprise buffering agents. Tablets and pills can additionally be prepared with
enteric coatings.

Liquid dosage forms for oral administration may include pharmaceuticalty
acceptabléemulsions, solutions. suspensions, syrups, and elixirs containing mert

25 diluents commonly used in the art, such as water. Such compositions may also
comprise adjuvants, such as wefting, sweetening, flavoring, and perfuming agents.

Compounds of the present invention can possess oNe Or MOTe asyrmetric
carbon atoms and are thus capable of existing in the form of optical isomers as
well as in the form of racemic or non-racemic mixtures thereof. The optical

30 isomers can be obtained by resolution of the racemic mixtures according to
conventional processes, ¢.g., by formation of diastereoisomeric salts, by treatment

with an optically active acid or base. Examples of appropriate acids are tartatic,



-194- We Claim: 1. A_ compound having the structure: R6 5 or any pharmaceutically-acceptable salt
theireof, wherein: X3 is C(R10) or N; X2 is C or N; X3 is C or N; x4 is C or N; 10X5 is C or N; wherein
at least two of X2, X3, X4 and X5 are C; Y is N(R.3), 0 or S; nis 0, 1,2 or3;-RL ' onded
Ci.aalk-linké)ﬂ? 6@Rf§§?ﬁ£’linked, C1.2alk0-linked or O-linked saturated, pa?ﬁ:ﬁg%gﬁya%gg%r
unsaturated 5-, 6- or 7-membered 15 monocyclic or 8-, 9-, 10- or 11-membered bicyclic ring containing
0, 1, 2 3 or 4 atoms selected from N, 0 and S, but containing no more than one 0 or S atom,
sgbstltut(ed )by 0,241 8788 Quiistituents independehtll?/os‘elected from halo, Ct-calk, C1_4ialoalk, cyano,
nitro, -C(=0)112, -C(=0)0R2, -CE((%O)NItaRa, -C(=zN114)NRar, -Ole,-0C(=0)NRalr, . -
-oc&O)N(le)S(=é)Q°f@f?i%€2*}8»a‘i TRy 5406 S IEAHE ,a-‘%%%)ﬁlg? 9@%2%352‘?1%11‘56’)“%?@{‘&“,
-S(=0)2N(12.4) C{#0)darB{o0)2NKeMT(=0)0rf 820 RISE=0)NRIsi8! | vrérn, foNge24)e(----0)Ra,
NRICCOJOR.s, NIEAICLFANERI AN OGN IR NS QiELLa: NddIBE0)2Nr LA,
-NR,C2.6alkNIRV and -NRaCZ.6alkOle, wherein the available carbon atoms of the rinI% are additionally
substituted by 0,ngrggl@ng@pgcﬁthwwﬁrwﬁges the use of a chiral chromatography colu

5 optimally chosen to maximize the separation of the enantiomers. Still another

1

available method involves synthesis of covalent diastereoisomeric molecules by
reacting compounds of the invention with an optically pure acid in an activaied
form or an optically pure isocyanate. The synthesized diastercoisomers can be
separated by conventional means such as chromatography, distillation,

10  crystallization or sublimation, and then hydrolyzed to deliver the enantiomerically
pure compound. The optically active compounds of the invention can likewise be
obtained by using active starting materials. These isomers may be in the form ofa
free acid, a free base, an ester or a salt.

Likewise, the compounds of this invention may exist as 1somers, that is

15  compounds of the same molecular formula but in which the atoms, relative to one
another, are arranged differently. In particular, the alkylene substituents of the
compounds of this invention, are normally and preferably arranged and inserted
into the molecules as indicated in the definitions for each of these groups, being
read from left to right. However, in certain cases, one skilled in the art will

20  appreciate that it is possible to prepare compounds of this invention in which
these substituents are reversed in orientation relative to the other atoms in the
molecule. That is, the substituent to be inserted may be the same as that noted
above except that it is inserted into the molecule in the reverse orientation. One
skilled in the art will appreciate that these isomeric forms of the compounds of

25 this invention are to be construed as encompassed within the scope of the present
invention.

The compounds of the present invention can be used in the form of salts
derived from inorganic or organic acids. The salts include, but are not limited to,
the following: acetate, adipate, alginate, citrate, aspartate, benzoate,

30 benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate, digluconate,
cyclopentanepropionate, dodecylsulfate, ethanesulfonate, glucoheptanoate,

glycerophosphate, hemisulfate, heptanoate, hexanoate, fumarate, hydrochloride,



- R2 i_s selected from H, halo, Chsalk, Cmhaloalk, cyano, nitro, 01r, Nine, -C(=0)124, -C(=-0)01e,
-(S:((4 g))lelle(ls )Ccé( NR4)NR41le, -S(=D)R4, -S(=0)21r, -S(1)}2NRaRa, -S(3)2N(Ra)C(=0)124,

- a é)‘C?ORa -SK)2N(114)C(=0)1\TRaRa; R3 is selected fro cyano,
Cl4allc, FEHEE Thloalk, N(Cmalk)Cmalk or Chaloalk; R4 s, in p%;ﬁgg}r%lg&/{?%%ach ingtance,
halo, nltrcl) cyano,4alk, 0C4aloalk, NHCI.4allc,Ci4haloalk or an unsaturated 5-, 6- or 7-membered
monocyclic ring containing 0, 1, 2, 3 or 4 atoms selected from N, 0 10 and S, but containing no more
than one 0 or S %dﬁgﬁtM{%WO 1, 2 or 3 substituEhts selected from halo, Ci-4alic, Ci_ahaloalk,

-0C14alk, -NH2, -1\11-1C1-4a -N(Cmalk)Cl4alk;  RS5is, independent! ach instance, H, halo,
Ci_salk, thald&lﬁf@ﬁ@ﬁl@ﬁl@%@Bé‘i’ﬁlﬂ%c?ﬁ&y‘iméyﬁﬁ?%ﬁg ‘ﬁ% %ﬁeéc%‘ddc ff6m halo, cyano, OH, 15

0C14alk, Cmalkyfsthahalealk-06GraaledNHza i HE malk] N(@mald@matitpertsoted@groups together

form a C24spiroalk substitut 0,1 2 St r OH,
OCtelk,4a11, Cl%&%bﬁ?Ud%ﬁ%X Iéﬁb &Zﬁéa}lj% Fﬁﬁ%% lsﬁ%%%%fg%%%%ggﬁﬁ%ZOBY is selected

from H, halo, Criilaiciihatey @ aisitrocsICe0¥ne UNGPeONores, Abe-HINPEHC BERRA) INR 1, -OR4,

-0C(=0)Ra, DCOHiRAIg: }E (pOR &%H@i%é,w%al@@ug&mewmr6&@@1&%" -S(=0)Ra,
-S()2Ra, -S(=0)2NRYV, bI| R-a)CK %‘ﬁ&l’(‘ﬁi % ORa &) C(=0)NR4R4,
-NR4124, N(R4§E‘(]?F§ﬁm?\t|‘(‘ﬁ4?&(ldafﬂﬁﬁ 3 S)é?r SNEATE ?Qﬁi‘ﬂ)%g( NRE)NRaRa,
-N(R4)3())2Ra, Mlﬁ)&(ﬁ@éﬂﬁﬁﬂ:&@a HNRACHIBaKkNE, dwmmgifg@mdmnaﬁh@l RS wherein the

Cl..6alk is substlt |
CE0)e, C(O)oi‘% é/ OLN%F%‘%@Af%éWﬁ'ﬁHSn{éﬁﬁ ertsdromhala. Gidhalgalkl syaigo, nitro,

é?NRaIe -or, 0C(=0)1r, -0C(= O
-0C(=0)N(12.4)Siidys ilka bﬂ@@é&éﬂ(mqﬂé%i DipmigesoBARBIES: S{EHRA O Rﬁb\{ﬂ‘io“’
-S(= O)2erqOS(--d£@&NG%6§)£€EEQMQ B0y 2BHRAYE(---0)0Ra, -S(=0)2N(Ra)C(=0)NRaRa, -NRar,
"N(Ra)C&0)012.4, -N(@a%nﬁgziggl\l dCldb J[}I1£3Rm)acﬁ3 M@%@t@ﬁ&%ﬁ)&%@)@é&mm}y

acceptable acid addition salts include such inorganic acids as hydrochloric acid,

sulfuric acid and phosphoric acid and such organic acids as oxalic acid, maleic

acid, succinic acid and citric acid. Other cxamples include salts with alkali metals

15 or alkaline earth metals, such as sodium, potagsium, calcium or magnesium or

with organic bases.

Also encompassed in the scope of the present invention are
pharmaceutically acceptablie esters of a carboxylic acid or hydroxyl containing
group, including a metabolically labile ester or a prodrug form of 2 compound of

50 this invention. A metabolically labile ester is one which may produce, for
example, an increase in blood levels and prolong the efficacy of the corresponding
non-esterified form of the compound. A prodrug form is one which is not in an
active form of the molecule as administered but which becomes therapeutically
active after some in vivo activity or biotransformation, such as metabolism, for

25  example, enzymatic or hydrolytic cleavage. Fora general discussion of prodrugs
involving esters see Svensson and Tunek Drug Metabolism Reviews 165 (1988}
and Bundgaard Design of Prodrugs, Elsevier (1985). Examples of a masked
carboxylate anion include a variety of esters, such as alky] {for example, methyl,
ethyl), cycloalkyl (for example, cyclohexyl), aralky! (for example, benzyl, p-

30  methoxybenzyl), and alkylcarbonyloxyalkyl (for example, pivaloyloxymethyl).
Amines have been masked as arylcarbonyloxymethy! substituted derivatives

which are cleaved by esterases in vivo releasing the free drug and formaldehyde



- 196 - -N(Ra)S(=0)2NRT, -NREC2.6alicNTRaRa and -14Rt24a1k0122, and the C1.6allc is
additionally substituted by O or 1 saturated, partially-saturated or unsaturated 5-, 6- or 7-membered
monocyclic rings containing 0, 1, 2, 3 or 4 atoms selected from N, 0 and § ll)‘l& ining Nno more
than one 0 BPSH{Hetéth the available carbon 5 atoms of the ring are substltutzéggﬁ/%g% ?L or 2 0xo or
thioxo groups, wherein the ring is substituted by 0, 1, 2 or 3 substituents independently selected from
halo, nitro, cyano, Cidall 0C1lall OCI_Ahaloalk, NHCI..42.11c, N(Cid4alk)C14alk and C14aloalk; or R7
and R8 togethe o aWE=RC bridge wherein the ddfbon atom is substituted by H, halo, cyano, or a

saturated, partially-saturated or unsaturated 10 5-, 6- or 7-member(e,d,mon0é:cy%§;ié\ﬂ£g containing 0, 1,
2, 3 or 4 atoms $BlawsdadrbMad; BhsAy 2 05UL BRMRINRG HBUHOFRTHES A8 " Wherein the
available carbon,gigmswehthering e, subkiituteddn Ok tk2 bxe:drthionskgroups wherein the ring is

substituted by 0, 1, 2, 3 or 4 substitugnts selected fr m l0,.C |c: 4 lc, cyano, nitro,
-C(*D)R% -c(:@MS?YE&‘@S%E%??@ERH%?)E}{&%%% 15f%{|%3% _Jso_gﬁ;ﬂg 17&1%ﬁ5(:0)|\|m,
-0C(=0)N(r)S(=0i3njr<0E 2r0alic. RIRT be DRk Or ety IRG e UST=0FFHE 0. ST LOY Nt 2,

-3(=0)2N(R)C(=9)Ra, 225 Q2ZN(RANNIMR:80-126cHENRG(FOINR broliRaRaeiN(Ra)C(=0)R2,
_N(Ra)C(=D)Or, -4(Ra)C(=0)NRar, -N(Ra%C(=NRa)NRaP N(R 34:9‘)212. " -N(R€)S(=0)NRT,
_NrC2.6all(NRaREERIFENRAES Ea1KORS Uror iR s 2@1 ogether form-a - . ridge wherein the
carbon atom is sssijitted oydhadtC bréalk «Ghihdgbalisreyanes i@ IBRaLNRT, -C(=0)12",

LC00r CEONRT ZAENRANE, bn SRR IPRR 3 (PRNRAIR: dtar C16alL; RO IS H
IS

Ci.41k or Chaha%%eﬁg; , halo, Ci.salk, Ci.shaloalk or cyanoi RI !s selected from halo,

Ci.salk, Ciaaloa Meiflen\itietty; blemiass Teqr0yoRds: foySxomperm VR2, -01?, -0C(=0)1r,
0C(NRaRg, OGNS )2A6 5269l Ra OGRSk SDRacB(EOIRD, S(02Ner
_S(=0)2N(C(=0)r, -S(=0)2 jéRa)c:( )Or, 30 -S(:D{}%QI )C(= grRE, -NRT. :N(Ra)C(=0)Ra,
-N(Ra)C(=0)012 2 krbprre xR AT aRiph) SERR 1 ?‘Yﬁ‘?{ (LPPOREMN (R)S(=0)2NRar,
-NR,C2".6alkNRafopadydid24alkDRa; |- 19e:-Reisiyliepdiytientlys ateheh fasttheeH or Rb; and

Rb is independently, at each instance, phenyl. benzyl ot (31 Galk, eny, bengylkand Calk being
substituted by O,Of,xéﬁérﬁ a0l e%tiﬁ?é%% gelgcté fro% hagflo, & g}aﬁ?%%%haloal%OClAalk, -NE2,

-NHC].4alk, -N(Cheffarkicuyeiik!, ethpltiviemeid: cepRpEYHE aRE ﬂnfdﬁbgépélﬁﬁyf‘ﬁﬁhtﬂe manufacture of a

medicamenLor UsalngEheUAYRIL NG AHRSIRG SRONS st e BRoNatc arhrils,

psoriasis, inflammatory diseases and autoimmune disrnses, mflammatorﬁ]??gwel disorders,
inflammatory eyel disshalbes; thfarmateny b BRIBIETEP oSS IEFED ih CEINPIEIRS with
inflammatory components,ghroiGRfiapRaianhsandiliansnaytoibmmLbg diseasesisystematic lupus

erythematosis (SLE), myestenia gravis, rheumatoid arthritis, acute djsse iﬁa,tle” .encephalomyelitis,
idiopathic thrombBRHSFERRE § a&%ﬁ&m@%@&%‘%‘é@ e SEsRT e 1&'?

joegren's syndrorme and autoimmune
hemolytic anemidgpaliefgii: contlitionshanddyparsemgitaliipe forms of the compounds of the

20  invention may exist as polymorphs, solvates and/or hydrates of the parent
compounds or their pharmaceutically acceptable salts. All of such forms likewise
are to be construed as falling within the scope of the invention.

While the compounds of the invention can be administered as the sole
active pharmaceutical agent, they can also be used in combination with one or

25 more compounds of the invention or other agents. When administered as a
combination, the therapeutic agents can be formulated as separate compositions
that are given at the same time or different times, or the therapeutic agents can be
given as a single composition.

The foregoing is merely illustrative of the invention and is not intended to

30 limit the invention to the disclosed compounds. Variations and changes which are
obvious to one skilled in the art are intended to be within the scope and nature of

the invention which are defined in the appended claims.



3. pse of a cor_npound according to claim 1 in the manufacture of a medicament for treating cancers,
which are mediated, dependent on or associated with p1105 activity. 4. A pharmaceutical

composition comprisin i i ' . i
o ca?rrier. Lompnising a compound according to Claim 1 and a pharmagepiically-acceptable diluent

A-1478 WO-PCT - 193 -

From the foregoing description, one skilled in the art can easily ascertain
the essential characteristics of this invention, and without departing from the spirit
and scope thereof, can make various changes and modifications of the mvention

to adapt it to various usages and conditions.
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We Clair;

L. A compound having the structure:

;dr any pharmacentically-acceptable salt thereof, wherein:

X'is CR® or N;
| Xlzl is CorN;
S XB i CorN;
| X*is Cor N; _ |

X° is C or N; wherein at least two of X%, %3, X* and X° are C;

Yis NRY, O ar §; |

nisQ, L, 2or3; _

R! s & direct-bonded, Cy.selk-finked, OC,.salk-linked, C.,akO-linked or
O-linked saturated, partially-saturated or unsaturated 5-, 6- or 7-membered - |
monocyclic or 8-, 9-, 10- or 1 1-membered bicyclic ring containing 0, 1,2, 3 or 4
atorns selected from N, O and S, but containing no more than onz O or § atom,
substituted by 0, 1, 2 or 3 substituents independently selected from halo, Cy.galk,
Cruhaloalk, cyano, nitro, -C(=0)R’, -C(=0)OR?, ~C(=0)NR'R", -C(=NR*}NR'R’,
-OR?, -OC(=0)R?, -OC(=O)NRR’, -OC(=0INR"IS(=0 )RR, -0C.calkNR'R",

~0C2.calkOR?, -SR?, -S(=0)R®, -S(=0hR? -S(=0);NR°R?, -S(=0):NR"C(=0)R?,

-SEORNRAHCEOOR?, —S(=O)2N(R‘)C(=O)NR°R“, -NR'R?, -NR"CE=ORE,
NERHCEOOR?, -NRICE=OINRRS, NERHICENRNR'R, -NR)S{(=0RR",
NERHSEORNRR?, -NR*C.calkNR'R® and -NR*C, 5alkOR", wherein the ]
available carbon atoms of the ring.are additionally substituted by 0, 1 or 2 c;xo or
thioxo groups;
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- R%is selected from H, halo, Cy.salk, Cimaloalk, cyano, nifro, OR®, NRPR®,

| -C(=O)R -C(=0)OR", C(=ONRR® , ~C(=NR")NR'R®, -S(=0)R", -S(=OhR",

—S("—'C})vl\EE{‘BR8 -S(=0RNRNCE=ORY, "S{““O)zN{ }Z{“)C(==O)O]E{a

| —S(=O)ZN(R“)C(—O)N’R“R"

R} is selected from H, halo, nitro, cyano, C;.é,aﬂs:, OC;4alk, OC;.&aloalk,

NHCy_alk, N(Cr.421k)C;alk or Crahaloalk; _
R 15, independently, in each i mstance, halo, nitro, cyano, Cy_alk, OC; 4alk,
OC;.haloalk, NHCalk, N(Cielk)Ch_alk, C; ihaloalk or an unsaturated 5-, 6. or

7-membered monocyclic ring containin £0,1,2,3 or 4 atoms selected from N, O

and S, but containing no mors than one O or §, substituted by 0, 1, 2 or 3

: subsﬁtuents sclccted from hﬁlﬂ C14&1k, Ci. 3}}310&11{, ~OC1..43H§., -NH;, -NHCMZXHL
: -N(C14a1k)01.4aﬁc,

R 1s, mdvpundenﬂy, in eachi mstance H, halo, Cr.galk, C;.4haioalk, or
Ch. 6a]k substmﬁed byl,20r3 subsume:nts selected from halo, cyano, OH,
OC.alk, Cy4alk, C, 3haloa1k, OC,4alkc, NH,, NHCy.qalk, N(Cl.,;aH{)CMaﬂc; or
both R5 groups togethér form 2 Cs.espiroalk substituted by0,1,20r3 substxtunnfs

' selected from halo, cyano, OH, OCy4alk CMaIk, Cy.shaloalk, OC;..gaIk, NHQ,,

NHCM?-HQ N(C1.42)C 42Tk

R is H, halo, NHR® or OH; .
 R'is selected from H, halo, C1shaloslk, cyano, nitro -C=0)R?,
-C(=0)OR?, -C(=OINR'R’, -C(=NRNR'R’, -OR", -OC(=O)R", -OC(=0INR'R",
-OC=OMNRIS(=OR", -0C, @lkNR"R", -0C,.calkOR’, -SR®, -S(=O)R’,

-S(=0)K", -S(=O)NRR", -S(=0}NR")C(=O)R’, -S(=0):NR*C(=0)OR",

SEORNRICEOINRR, NR'R', NRICE=0)R®, NRYC(=0)OR®,
NER)CEOINRR', NRICENRINRRY, -NR)SEORR,

Cy. 6a1k is substituted by 0, 1 2 or3 substituents selected from halo, C,_haloalk,

' cyano, nitro, <C(=0)R®, -C(=0)OR", -C(=O)NR'R®, -C(=NR*NR'R* -OR’,

-OC(=0)R?, -OC(=0)NR'R?, -OC(=OINR™S(=0):R", -OC; calkNRR",

-0Cs.IkOR’, -SR”, -S(=0)R", S(=0)2R", -S0)NRR?, -5(=0);NR)C=O]R®

-S(=0}NRI)CE=0)OR?, -S(=ORNRIICEOINRRE, -NR'R?, NRYC(=0)R’,
N(RIC(=0)OR?, NRIC(=0INRR’, -NR*)CENRINR'R, -NRYS(=0LR",
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-N(Ra}S(“O}zNRaRa, ‘NRaCQ.GB_BSCNRa # and —NRE'CQ.@'EH{ORE, and the C;.saﬁi 18
additiopally substituted by 0 or I saturated, partially-saturated or unsaturated 5-, |

. & or 7-membered monocyclic rings containing 0, '1, 2,3 or 4 atoms selected from

N, O and S, bt containing 50 more than one O or S, wherein the available carboln
atoms of the ring are substituted by 0, 1 or 2 oxo or thioxo groups, wherein the
ﬁﬁg is vubstimted by 0,.' 1,2 or 3 substituents independently selected from halo,
nitro, cyano, C.salk, OCy.alk, OC:shaloalk, NHC; alk, N(Cy42l)Cssalk and
C.4haloall; or R” and R® together form 2 -C=N- bridge wherein the carbon atom

- .15 substituted by H, halo, cjrano, or a saturated, partially-saturated or unsaturated

10 5-6- or 7-membered monocyclic fing conteining 0, 1,2, 3 or 4 atoms selected -

from N, O and S, but containing no more than one O or S, wherein the evailable”
carbor atoms of the ring are substituted by 0, 1 or 2 oxo or thioxe groups, wherein
the ring is substituted by 0, 1, 2,3 or4 substituents selectzd from halo, Crealk,

Cy.4haloalk, cyano, nitro, -C(=O)R’, -C(=0)OR’, -C(=0)NR*R’, -C(-NRIINRR",
-OR’, -OC(EOJR’, -OC(=0INRR', -OC(=0)NR")S(=0)R’, -0C.cekNR"R®,

" -0ClkOR’, -SRY, -S(=0)R?, -$(=0),R°, -S(=0)NR'R?, -S(=0)sN(RIC(=O)R®,
-S(=0RNR"C(=0)OR?, -S(=0RNR>)C(=0NRR?, -NR'R®, -NR*C(=O)R?,

NRCEO)OR', NR)C=0)NRR®, NRICE=NRINRR?, NRHS(=0)R",

NRS(=0):NRR", -NR*Cy.calkNR'R" and -NR*Cy.2lkOR? or R and R?
together form & -N=C- bridge wherein the carbon atom is substituted by H, halo,

Creall, Crshaloalk, oyano, nitro, OR®, NR*R®, -C(=D)R®, -C(=0)0R’,

CEONRRY, CNRNRR', -S(=OR, -S(=0)K’, S(=O)«>NR“R“

R*is H or Cwalk,
R i H, Cy.salk or Cy.shaloalk; .
Rm is H, halo, Cy.zalk, Cr.shaloalk or cyanc;
"is selected from halo, C;salk, C.4haloalk, cyano, nitro, ~C(=0)R’,

| -C(“*O)ORa -C=0NRR’, -C(=NRYNR'R?, -OR?, -OC(=0)R?, -OC{=0NR'R?,

-OC(=0)N(R")S(=0}R?, -OC.@alNRR?, -0C;.calkOR?, -SK, -S(=O)R".
-S(=0)R", -S(=0)NR'R", -S(=0LN(R)C(=0)R?, -S(=0)N(R*)C(=0)OR",
-SEORNRIC(=0INRR?, NRR?, -NR)C(=0)R®, -N(R*)C(=0)OR’,
NRYC(=ONR'R, -NRC(-NRINR'R®, N(RY)SE0)E",
N(R)S(=0)NR'R®, -NR*Cy.calkNR*R® and -NR*C, @lkOR"™
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R’ is independently, at each instance, H or R®; and
R® is independently, at each instance, phenyl, benzyl or Cy.¢alk, the
phenyl, benzyl and C,¢alk being substituted by 0, 1, 2, or 3 substituents selected

from halo, C;.qalk, C;shaloalk, -OC, salk, -NH,, -NHC,qalk, -N(C; 42lk)C; alk.

2. Use of a compound according to claim 1 in the manufacture of a medicament for

:;treating rheumatoid arthritis, ankylosing spondylitis, osteoarthritis, psoriatic arthritis,
psoriasis, inflammatory diseases and autoimmune diseases, inflammatory bowel disorders,
inﬂammatory eye disorders, inflammatory or unstable bladder disorders, skin complaints with
inflammatory components, chronic inflammatory conditions, autoimmune diseases,
systematic hipus erythematosis {SLE), myestenia gravis, rheumatoid éﬁhﬁfiis, acute
disseminated encephalomyelitis, idiopathic thrombocytopenic purpura, multipie_:s sclerosis,
Sjoegren’s syndrome and autoimmune hemolytic anemia, allergic conditions and -

hypersensitivity.

3. Use of a compound according to claim 1 in the manufacture of & medicament for

treating cancers, which are mediated, dependent on or associated with pl 106 activity.

4. A pharmaceutical composition comprising a compound according to Claim 1 and 2

pharmaceutically-acceptable diluent or carrier.



