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generating these phosphorylated signaling products, phosphatidylinositol 3-kinase

(PI 3-kinase; PI3K), was originally identified as an activity associated with viral

oncoproteins and growth factor receptor tyrosine kinases that phosphorylates

15  phosphatidylinositol (PI) 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 a variety
of stimuli. This includes signaling through receptors for the majority of growth

20  factors and many inflammatory stimuli, hormones, neurotransmitters 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 296:1655-1657 (2002); Vanhaesebroeck et
al. Annu.Rev.Biochem, 70: 535-602 (2001)). PI 3-kinase activation, therefore, is

25 involved in a wide range of cellular 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 PI 3-kinase activation have not been
fully characterized, it is known that pleckstrin-homology (PH) domain- and

30 FYVE-finger domain-containing proteins are activated when binding to various
phosphatidylinositol lipids (Sternmark et al., J Cell Sci, 112:4175-83 (1999);
Lemmon et al., Trends Cell Biol, 7:237-42 (1997)). Two groups of PH-domain
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where it interacts with AKT. Other important PDK1 substrates are PKC and S6

kinase (Deane and Fruman, Annu.Rev.Immunol. 22 563-598 (2004)). In vitro,

15  some isoforms of protein kinase C (PKC) are directly activated by PIP3.
(Burgering et al., Nature, 376:599-602 (1995)).

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

20  inositol-4,5-biphosphate (PIP2) to produce phosphatidylinositol-3-phosphate
(PIP), phosphatidylinositol-3,4-biphosphate, and phosphatidylinositol-3,4,5-
triphosphate, respectively. Class II PI3Ks phosphorylate PI and phosphatidyl-
inositol-4-phosphate, whereas Class 111 PI3Ks can only phosphorylate PI.

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

25 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 a, B, 6, and vy, each consisting of a
distinct 110 kDa catalytic subunit and a regulatory subunit. More specifically,
three of the catalytic subunits, i.c., p110a, p110p and p1106, each interact with the

30  same regulatory subunit, p85; whereas p110y interacts with a distinct regulatory
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
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kidney cells, mouse 3T3 fibroblasts, HeLa cells, and NBT2 rat bladder carcinoma
cells. Such wide expression suggests that this isoform is broadly important in
signaling pathways.

Identification of the p1106 isoform of PI 3-kinase is described in Chantry
et al., J Biol Chem, 272:19236-41 (1997). It was observed that the human p1106
isoform is expressed in a tissue-restricted fashion. It is expressed at high levels in
lymphocytes and lymphoid tissues and has been shown to play a key role in PI 3-
kinase-mediated signaling in the immune system (Al-Alwan etl al. JI 178: 2328-
2335 (2007); Okkenhaug et al JI, 177: 5122-5128 (2006); Lee et al. PNAS, 103:
1289-1294 (2006)). P110d has also 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
to breast cancer cells (Sawyer et al. Cancer Res. 63:1667-1675 (2003)). Details
concerning the P1100 isoform also can be found in U.S. Pat. Nos. 5,858,753;
5,822,910; and 5,985,589. See also, Vanhaesebroeck et al., Proc Nat. Acad Sci
USA, 94:4330-5 (1997), and international publication WO 97/46688.

In each of the PI3Ka, B, and 6 subtypes, the p85 subunit acts to localize PI
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

10a
ty in
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context) in domain), but as noted does not make use of p85 as a targeting subunit. Instead,
p110y binds a p101 regulatory subunit that also binds to the By subunits of
heterotrimeric G proteins. The p101 regulatory subunit for PI3Kgamma was

15  originally 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
PI3Ky through Gfy. Recently, a p101-homologue has been identified, p84 or
p87" ™ AY (PI3Ky 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°™AF is
homologous to p101 in areas that bind p110y and GPy and also mediates
activation of p110y downstream of G-protein-coupled receptors. Unlike p101,
p87PIKAP is highly expressed in the heart and may be crucial to PI3KYy 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 p85 known as the inter-SH2
(iISH2) region is fused through a linker region to the N-terminus of murine p110.
The p85 iSH2 domain apparently is able to activate PI3K activity in a manner

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



target proteins (Raneh et al., Cell, 83:821-30 (1995)). Five isoforns of
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p50a) encwoOediomsitdhr ee genes. Alternative transcripts ofPCPiUsS3o/og®ar encode
the p85 a, p55 a and p50a proteins (Deane and Fruman, Annu. Rev.|munol. 22:
563-598 (2004)). p85ais ubiquitously expressed while p85b, is primarily

found in the brai nphoi d tissues (Volinia et al., Oncogene, 7:789-93
(1992)). Ass@t:‘il%%wgph‘zhe p85 subuni t o the Pl 3-kinase pi 10a, b, or d
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Nt erm nal region of pl t he termnal region o Qg Is known to
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15: 566-500 (@GBS pJtivaps Bf KAPIls s thqronbogansigto(Rake ctiah, Hateas 369d27-bi nd p |
| G and Cog 28??99%1),8[%({5? ﬂinr?{[ugﬁy, 4:527-34 (1996)). Activation of T cells through
CD28 lowers the threshold for activation by antigen and increases the magnitude
and duration of the proliferative response. These effects are linked to increases in
the transcription of a number of genes including interleukin-2 (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 PI 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, LY294002 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 I PI 3-kinases. For example,
the ICso values of wortmannin against each of the various Class I PI 3-kinases are
25  inthe range of 1-10nM. Similarly, the ICsy values for LY294002 against each of
these PI 3-kinases is about 1uM (Fruman et al., Ann Rev Biochem, 67:481-507
(1998)). Hence, the utility of these compounds in studying the roles of individual
Class I PI 3-kinases is limited.
Based on studies using wortmannin, there is evidence that PI 3-kinase
30  function also is required for some aspects of leukocyte 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
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isoforms. P110a and p110f knockout mice have been generated and are 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. J.Biol.Chem. 274:10963-10968 (1999)). More
recently, p110a kinase dead knock in mice were generated with a single point
mutation in the DFG motif of the ATP binding pocket (p1100D****) that impairs
kinase activity but preserves mutant p110a kinase expression. In contrast to
knock out mice, the knockin approach preserves signaling complex stoichiometry,

20  scaffold functions and mimics small molecule approaches more realistically than
knock out mice. Similar to the p1100. KO mice, p1100D’*** 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 hyperinsulinaemia, 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-redundant role for p110o 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 p110p kinase-dead knock in mice to further understand the
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efforts to sdgvagahenttahé function, with marginal zone B cells and CD5+ B1 cells nearly
undetectable, and B- and T cell antigen receptor signaling (Clayton et al.
J.Exp.Med. 196:753-763 (2002); Okkenhaug et al. Science, 297: 1031-1034
(2002)). The p1105°°'°* 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

8D910A and

independent immune responses are severely attenuated in p110
secretion of TH1 (INF-y) and TH2 cytokine (IL-4, IL-5) are impaired (Okkenhaug
et al. J.Immunol. 177: 5122-5128 (2006)). A human patient with a mutation in
p1109d has also recently been described. A taiwanese boy with a primary B cell

20  immunodeficiency and a gamma-hypoglobulinemia of previously unknown
actiology presented with a single base-pair substitution, m.3256G to A in codon
1021 in exon 24 of p110d. 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 p110d protein. The patient has no other identified mutations

25  and his phenotype is consistent with p110d 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 with
varying success to all Class I P13 kinase isoforms (Ito et al. J. Pharm. Exp.
Therapeut., 321:1-8 (2007)). Inhibitors to alpha are desirable because mutations in

30  pll0oa have been identified in several solid tumors; for example, an amplification

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



activities of each enzyne until recently. The separation of the activities
of the various PBK isozynes has been advanced recently with the devel opnent
of genetiwal2by/1semopul ated m ce that all owed the study eCTitsedionsagpecif ¢
knock-out and ki nase dead knock-in mce and the devel opnent of nore
selective inhibitors for sone of the different isoforns. PI 10a and p i |

b knockout m e en generated and are both enbryonic |ethal and
little i nfor%ﬁ%ﬁeﬁe obt ai ned from®'hese m ce regardi ng the expression

and function of p i 10 al pha and beta (Bi et al. Mamm Genone, 13:169-172
(2002); Bi etarger agd 8 ativapermuRian haoBIn1ogeded r090ye thanpsd’s ofdewat |y, p i

10a Ki d ' ' it .D: i. ' tati

' the DR maly 7~ oo ehe e g MR IEAT e N e AR sl 21 01

ki nase act i vivtaynanobchp hesdavepedracampoynd Y DBO24kihatiabibétx piphs anddeltd n cont r ast

to k kK out m. h Ki h. i | i I

St of chi omet r SSEPFOIH FORGE SRR H T Ga SHARMS KON R BIBsReitnes mor e
p i

realisticall gt AINAPhdAOELD. Dhidrapou€ £32 191 Bi(b@y7)J.0 the p i 10a KO nice, _
10aD933A honbzygous m ce are enbryonic |ethal. However, heter ozygous m ce

are viabl e and fePli@fissovoledipl thipndwy seratajionlanksed o plgMahiradylegi Al:

insulin-rece ’ t b AS J r. i.psulin,
insulin- [i kgbg}%wgﬁt@r@ aﬁ%%lg&ll%eﬁ]thl%ﬁmg%ﬁégﬁ ec 0|f§}cem i ges ponsi veness
to these hor nwught dfeads ihdichygenivolsing chaeng disoglktsqDEX-22L:d.GO7aNCen

hyper phagi a, .inc di posit nd r duceg 0 I rowth in heterozygotes
(Foukas: Set gt MR sdcubeovatadirmd sananyt SFhBuL S axtTehinf e x

def i ned, 1 @onan@aipRsAMo o @l. ¢ Pheim Bxp ThS@pas., 3mi:i¥eoopgi ate in 1G--1,
insulin and leptin signaling that is not substituted for by other isoforns.

W will have to awalectiveeonmsiods fotrildAy efe beng developid Ry sevsesl geads knock in
mce to furt ri]r?lﬁluﬁgsql%{ol§etsﬁgg aéerrll?s ot B fe discasd (Rueckle et al. Nature
Reviews, 5: 903-918 (2006)). Of note, AS 605240 has been shown to be
efficacious in a mouse model of rheumatoid arthritis (Camps et al. Nature
15  Medicine, 11: 936-943 (2005)) and to delay onset of disease in a model of
systemic lupus erythematosis (Barber et al. Nature Medicine, 11: 933-935 (205)).
Delta-selective inhibitors have also been described recently. The most
selective compounds include the quinazolinone purine inhibitors (PIK39 and
IC87114). 1C87114 inhibits p110d in the high nanomolar range (triple digit) and
20  has greater than 100-fold selectivity against p110a, is 52 fold selective against
p110P but lacks selectivity against p110y (approx. 8-fold). It shows no activity
against any protein kinases tested (Knight et al. Cell, 125: 733-747 (2006)). Using
delta-selective compounds or genetically manipulated mice (p1108™'%) it was
shown that in addition to playing a key role in B and T cell activation, delta is also
25  partially involved in neutrophil migration and primed neutrophil respiratory burst
and leads to a partial block of antigen-IgE mediated mast cell degranulation
(Condliffe et al. Blood, 106: 1432-1440 (2005); Ali et al. Nature, 431: 1007-1011
(2002)). Hence p1100 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 discase and

allergy. To support this notion, there is a growing body of p1100 target validation



function of this isoform (m ce have been nade but not yet published,
Vanhaesebroeck). Pl 10g knock out and ki nase-dead knock in m ce have both
been genewatety/@mdooverall show simlar and m | d phenot ypgaSasl3pPat mary
defects in mgration of cells of the innate i mune system and a defect in
thym c devel opment of T cells (Li et al. Science, 287: 1046-1049 (2000),
Sasaki et al | ence 87: 1040-1046 (2000), Patrucco et al. Cell, 118:
375- 387 (20043§£h%$ﬁfpgﬁ topi | Qg, PéSK del ta knock out and ki nase-dead
knock-in m ce have been nade and are viable with mld and |i ke phenotypes.
The p i 10dDdaBAlchuehfiomistisii¢s usmeriotie genstio tastly andephagmadotquie agonts. r oI e for

delta in B c devel t function, B cel.l s and
o5 Bl ool | et R R Ry S R A M PR R Mo S reS M o

signal i ng (Cleayt gﬂht@ﬂé 1. 100731011@02)}%@&&&@&%8%2)1@1@%?&1aug et al.
Sci ence, 297: 1-1034 (2002 i 10dD910A m ce have been studi ed

ext ensi vel y aﬁacq%avlé ipp W@smﬁe{ %alk?rg}féfi@@%ﬁoﬁnéhf h‘%ﬁ@n‘éf‘efr fifangdjoags in the

| mune syst efal ﬁ%‘nle QRRRBCER, ﬁ;ﬂ&‘ml e} is s[gill %dubéﬁ*&iﬂiec ah®ePONSes are
severely attenuape [ 10d I0A a d secretion THI (I'NF-g) and TH2

cyt oki ne (I Latribyted g)a mdectmmalaﬂel@el(ldkﬁz ernaeymest calll actﬂvatimmbl 177:
5122-5128 ( Z(ag%[)a)lulafb%tg Eﬁ@&;d ﬁgﬁ 11%951&‘8’11 Pdglta w{%ﬁiié %91 f4nha[§ b§6111 slﬁjwnhtgs al so

recently been descri al’wanese
i mrunodef i ci eignificantly mgl&'nmna-ﬂﬂmmh@@udmd@snaee ﬁnfa mnﬁﬂe ﬁnueléhof askmawn

aetiolo resented,wth, S|n | e hage-pai.r substi 5 to Ain
codon 105171 FER grabmtinduicd e AT RRRon TR L e R PSR ense
am no aci{g syhsi). tTﬁeké)ﬂ'atﬁ Etlflﬂn&orﬁfao&ﬁ%e \]:Qt%borwedi ahpipsPoeghgdni n the

hi ghly conserved ' catal ytic donmain of p i Qd protein. The patient has no
ot her i denti fmieclusmg ticisams model of allergic alrway inflammation by a different group

(Nashed et al. Eur.J Immunol. 37:416-424 (2007)).
There exists a need for further characterization of PI3K9 function in
inflammatory and auto-immune settings. Furthermore, our understanding of
15  PI3KJ requires further elaboration of the structural interactions of p1109d, both
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 isozymes p110 alpha
(insulin signaling) and beta (platelet activation). In particular, selective or specific
20  inhibitors of PI3K0 are desirable for exploring the role of this isozyme further and
for development of superior pharmaceuticals to modulate the activity of the
isozyme.
Summary
The present invention comprises a new class of compounds having the

25  general formula




and his phenotype is consistent with pi | Od deficiency in mce as far as
studied. (Jou et al. Int.J.lmunogenet. 33: 361-369 (2006)).

| sof or m swbheotose74enal | nol ecul e conpounds have been develraseaoxnsd9m2 var yi ng
success to all Cdass | PI3 kinase isoforns (Ito et al. J . Pharm Exp.

Ther apeut, 321:1-8 (2007)). Inhibitors to al pha are desirabl e because

mut ati ons |n p.i e been identifi in several solid tunors; for
exanpl e, éﬁﬁf?%ﬁgépg n nutation of aﬁgha is associated with 50% of

ovari an, cerV|caI | ung and breast A-1478 WO-PCT - 8 - cancer and an
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after for indication involving clotting disorders (TGX-221 : 0.007uM on

beta; 14-f ol acleeihvebt modulating hugean RI3KSRgtiniby and H&ﬁe@a@om{aﬁll&g geflisel i ve over
gamma and al pRgndat Bf)dlgéasé’sl med%at%@@&'ﬁﬁé@d%ﬁc%@ﬁ%ther aplcts #ad (2007)).
Sel ective conmpounds to p | Qg are being devel oped by several groups as
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or any pharmaceutically-acceptable salt thereof, wherein:
X'is CR'") or N;
15 X%is CorN;
X*is Cor N;
X*is Cor N;
X’ is Cor N; wherein at least two of Xz, XS, X* and X° are C,;
X%is C(R% or N;
20 X" is C(R") or N;
X% is C(RIO) or N; wherein no more than two of Xl, X6, X" and X® are N;
Y is N(R®), O or S;
nis0,1,2or3;
R'isa direct-bonded, Ci_salk-linked, OCalk-linked, Ci,alkO-linked,
25  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,



sel ective conpounds include the quinazolinone purine inhibitors (PlIK39 and

| C871 14). 1C871 14 inhibits pi | Od in the high nanonolar range (triple
digit) amsolam/gimat er than 100-fol d sel ectivity agai nsSPCp/US2010a39%% 52
fold selective against p i | Ob but |acks selectivity against pi | Qg

(approx. 8-fold). It shows no activity against any protein kinases tested

(Kni ght et al,. . 733-747 (2006)). Using delta-sel ective conmpounds
or geneti cal Wlﬁnw&%ét%ed m ce (pi 10613%910A) it was shown that in addition
to playing a key role in B and T cell activation, delta is also partially

i nvol ved i n dedtd ophitomyisgleeted damaNdOpnil ebutrrentarongnd moesibian anoyorbur st

and leads to rihalk. bl f I z . i
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to aut oi nyuneodi siASR FRND @] Ja IO, -SRY, SPOIRY, -3(RO3,RIOIS(BD),NRIIRt,e is a
growi ng body Of*ﬁ i 1. Od target validationA-1478 WO-PCT - 9 - data derived
from studi es “AsHPNEotH=Geher P COTHRS) nl) BRar HECORYIT (CEEUNESR - Thus, usi ng
the del ta-selgptpven )@%@jﬂa, |-ﬁ8[&§ég%dlﬁg-l\§(ﬁ@)d?=0)ﬁﬁ@910A mce, Ali et

al . (Nature, 431:°1007-101°1°(2002)) Have denonstrated that delta plays a
critical rol eN{R)GENRINR RriodeRS(=Q)Rér-Hi(B IR R ANRKe calkB&Be of
functional d SSh ¥ aC, - ' ' Lgni ficantl
rgducled and gg%%%@t@%@ut\g%‘ggﬁqgé?eglﬁgltg%écl%%)élhﬁmgﬁ%gz%%ﬁyg é% : nlduced %last
cel | actiwat iadditiamdlydsabstantst d/i0oh or R oxadditioangroups)bind tvheminothe diagtia with |1 C

'n o murine. RGHEPOP btitied R oV T AP a0e ks P bR on
(Lee et al. EASERkKe@ fouggéteetéé flod0Phy 1, Phaed, paimidyt, indrghdloconmpound wer e
corroborated in p.i 1QdD910A mut ant )
piperazinyl, piperidinyl, cyclopentyl and cyclohexyl all of which are further
substituted by 0, 1, 2 or 3 independent R® groups;
15 R” is selected from H, halo, C,_galk, C;haloalk, cyano, nitro, OR?, NR°R?,
-C(=0)R?, -C(=0)OR?, -C(=0)NRR?, -C(=NR*NRR?, -S(=0)R", -S(=0),R",
-S(=0),NRR?, -S(=0),N(R")C(=0)R?, -S(=0),N(R")C(=0)OR" and
-S(=0);N(R*)C(=O)NR"R?
R is selected from H, halo, nitro, cyano, Cyaalk, OC,4alk, OC;_shaloalk,
20  NHC,salk, N(Cy_4alk)Cy_4alk and C,;shaloalk;
R*is, independently, in each instance, halo, nitro, cyano, C;4alk, OCy_4alk,
OCj_shaloalk, NHC, salk, N(C;_4alk)C4alk, Ci 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, the ring being substituted by 0, 1,
25 2 or 3 substituents selected from halo, Cy_salk, Cishaloalk, -OC;_4alk, -NH;,
-NHC,salk and -N(C;_4alk)C;_salk;
R’ is, independently, in each instance, H, halo, C,salk, C;shaloalk, or
Cisalk substituted by 1, 2 or 3 substituents selected from halo, cyano, OH,
0OCy_jalk, C,_4alk, Cy_shaloalk, OC,_4alk, NH,, NHC, jalk and N(C,_4alk)C,_salk;
30  orboth R’ groups together form a Cs ¢spiroalk substituted by 0, 1, 2 or 3
substituents selected from halo, cyano, OH, OC,_4alk, C,_4alk, C; shaloalk, OC,.
salk, NH,, NHC, jalk and N(C,_4alk)C,_salk;



m ce using the same nodel of allergic airway inflammation by a different
group (Nashed et al. Eur.J.lmunol. 37:416-424 (2007)). There exists a need
for furthwo 2etvasanberi zati on of PlI3Kd function in infl arcatusee0masad42

aut o-i mmune settings. Furthernore, our understanding of PI3Kd requires
further elaboration of the structural interactions of pi | G, both with

its regul atory ,gf ' nd with other proteins in the cell. There al so
remai ns a neeAdli %}g%potent and selective or specific inhibitors of PI3K
delta, in order to avoid potential toxicolgﬂ%ﬁ associated with activity on

i sozymes p i 10 aRohesaldcsifrom helogaeanongH, B8u-akst Gi-@fH. &b chadeallk @Cvat i on) .

In particular ety pegi fhcA\ARk DO 2l 3Ke @t e ' le for
expl oring t héaur(’zllgiélﬁo’fmmi4glk?é§16‘§§(he¢¢9|){jﬁe’r bgngﬁ?@r)ﬂjé\%e%# ojgrrge(r??ﬁ(%ddz%peri or
phar maceut i cal er 6-mamituddetatursthe onpartivily yatwhteti heterayziyoreng Survaimyg 1TRe
ey TR e T R iy
activity of hwranubBifushts AetdieiiornSpRC tyMb, OREoxd)\ENLLRNCH Salk,aC,pr ovi de

conmpounds that inhibit PBK d selectively while having relatively |ow
i nhi bitory potaderdl %%maH%NHZhM%Hél#apé%(pg—eﬁ”é}crma}lk%\not her aspect of the

invention is to pROVI g B®Ri M3, AhicC 0ALIBESME I6hRg nidRe -G gk on of human PBK
d. Another aspect of the invention is to provide nethods of sel ectively
modul at i ng hu@erO)PBR, CEOINKR'y;CaPR MR RebP Ry dHHE nbdi(c@NRFeat nent  of
6 exses et B0 RIUERK @) sl ek Qe e gapect gen feant caes, of (e
the art.10 -S(=0);R% -S(=0);NRR?, -S(=0),N(R*)C(=0)R", -S(=0),N(R")C(=0)OR",
-S(=0),N(R")C(=O)NRR?, -NR"R?, -N(R")C(=0)R", -N(R")C(=0)0R",
-N(R)C(=0)NRR?, -N(R*)C(=NR*)NR'R?, -N(R")S(=0),R?,
-N(RH)S(=0),NRR?, -NR"C;alkNR"R", -NR*C,_¢alkOR" and C,_galk, wherein the
Cy6alk is substituted by 0, 1 2 or 3 substituents selected from halo, C;_shaloalk,
15  cyano, nitro, -C(=O)R", -C(=0)OR?, -C(=0)NRR?, -C(=NR*)NRR?, -OR",
-OC(=0)R?, -OC(=O)NR'R", -OC(=0)N(R"S(=0),R", -OC, salkNRR",
-0C,6alkOR?, -SR?, -S(=0)R?, -S(=0),R?, -S(=0),NRR?, -S(=0),N(R")C(=0)R?,
-S(=0),N(R")C(=0)OR?, -S(=0),N(R")C(=O)NR'R?, -NR"R?, -N(R*)C(=0)R",
-N(R")C(=0)0R?, -N(R")C(=0)NRR?, -N(R*)C(=NR*NRR?, -N(R")S(=0),R",
20  -N(RH)S(=0),NRR?, -NR"C;alkNR"R" and -NR"C; calkOR", and the C;¢alk is
additionally 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 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
25  ring is substituted by 0, 1, 2 or 3 substituents independently selected from halo,
nitro, cyano, Cj4alk, OC;_4alk, OC,_shaloalk, NHC, salk, N(C;_4alk)C,; 4alk and
Ci_shaloalk; or R and R® together form a -C=N- bridge wherein the carbon atom
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 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, C,galk,



Det ai | ed Description One aspect of the invention relates to conpounds

havi ng the structure: or any pharnaceutical |l y-acceptable salt thereof,
wherei n: W0 208/13{R010) or N, X2 is Cor N, X3 is C or NpCXase&o0@3wi2 N, X5
is Cor 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(R 10) or N, wherein no nore than tw of X1,

X6, X7 and X8 s N(R 8), Oor nis 0, 1, 2 or 3; RLis a
di rect- bondedSA ?ﬂ% %{9 ECITI nked, OC _2al T(%I nked, C _2al kO linked, N(R

a)-linked or Olinked saturat ed :gg)artlall -saturated or unsaturated 5-, 6-

or 7-menber e aienlclyrro, gitr@-C(F)R"16(=GYOR - %@é@ea BCEMRDYR Rig
t 0 14 a fa N, O and
(éonsz![ mcggt ai ni ﬁgéﬁéy%@%%@%ﬁ% érc at%{m Eu S ’i_t lfte}é%@g@‘ ?ml, 2 o?nS
subst i t uent s -Oadeghle®RERERY -SEIDRE, el(#O)giRﬁ F$(FO,),NR ‘R6aiSk=0 N (RYE(=2)RK,, cyano
It O N =O R
iy rCC)E( 8§NR) §R§’)2N®cﬁl§3§€g a?%m%h%%gﬁ%)ﬁéﬁ Nﬁ%ﬁﬁ%& ﬁa&@ )C(Cgﬁeal KOR a )
-SRa, - S(50) RN&R® )C@g;Ra e@)JRaZNRaRR )C(%\IRQNMNG RN@R@S =0 ERaa -S(=0)

2N(R O R O.N
-NE Ra?)C(C(O))Cﬁ\IQ%)S %{R(ONRRC) %kN& R&?d*%@%mﬂ‘ N(dﬁ%) S( 0) ORa,

-N(Ra) S(=0)  20RaRR fornNRa&2C 634 d@é"%z@?én the carbon atom is substituted by H, halo,
Ci.alk, Cy_4haloalk, cyano, nitro, OR®, NR*R", -C(=0)R?, -C(=0)OR®,
-C(=O)NRR?, -C(=NR*)NRR?, -S(=0)R", -S(=0),R" or -S(=0),NR"R?;

10 R* is H, Cealk, C(O)N(R*)R?, C(=0)R" or C;_shaloalk;

R’ is H, Cisalk or Cishaloalk;

R' is in each instance H, halo, C,_;alk, C,_shaloalk or cyano;

R'"! is selected from H, halo, Cy_salk, C;_shaloalk, cyano, nitro, -C(=0)R",
-C(=0)0OR?, -C(=0)NRR?, -C(=NR*NRR?, -OR", -OC(=0)R", -OC(=0)NR"R?,

15 -OC(=O0)N(R")S(=0),R?, -OC,alkNRR", -OC,¢alkOR", -SR?, -S(=0)R",
-S(=0),R", -S(=0),NR*R?, -S(=0),N(R*)C(=0)R?, -S(=0),N(R*)C(=0)OR?,
-S(=0),N(R")C(=O)NRR?, -NR"R?, -N(R")C(=0)R", -N(R")C(=0)0R",
-N(R)C(=0)NRR?, -N(R*)C(=NR*)NR'R?, -N(R")S(=0);R?,
-N(R")S(=0),NR"R?, -NR"C; ¢alkNR"R?, -NR"C; 6alkOR", -NR"C; 6alkCO,R",

20  -NR*C,6alkSO,R", -CH,C(=0)R?, -CH,C(=0)OR?, -CH,C(=0)NR*R?,
-CH,C(=NR*)NR'R*, -CH,OR", -CH,OC(=0)R", -CH,OC(=0)NR"R?,
-CH,OC(=0)N(R")S(=0),R", -CH,0C, salkNR"R", -CH,0C, salkOR", -CH,SR?,
-CH,S(=0)R?, -CH,S(=0),R", -CH,S(=0),NR*R?, -CH,S(=0),N(R*)C(=O)R",
-CH,S(=0),N(R)C(=0)OR?, -CH,S(=0),N(R")C(=0)NR‘R", -CH,NRR?,

25  -CH,N(R)C(=0)R?, -CH,N(R)C(=0)OR", -CH,N(R*)C(=O)NRR?,
-CHN(RHC(ENRYNRARY, -CHoN(RMS(=0),R?, -CH,N(RM)S(=0),NRR?,
-CH,NRC; 6alkNR*R?, -CH,NR"C; 6alkOR?, -CH,NRC; 6alkCO,R?,
-CH,;NR*C,.6alkSO;R®, -CH,R®, -C(=0)R® and -C(=0)N(R*R;

R" is independently, at each instance, H or Rb;

30 R® is independently, at each instance, phenyl, benzyl or C,galk, the

phenyl, benzyl and C; ¢alk being substituted by 0, 1, 2 or 3 substituents selected



and - NRaC2_6al kORa, wherein the avail able carbon atons of the ring are
additionally substituted by 0, 1 or 2 oxo or thioxo groups, and wherein the
ring i s awoi2oioorsatdby substituted by O or 1 directly bonaeu;us3a@/0Bimked,
C(=0 linked or CH2 |inked group selected from phenyl, pyridyl, pyrimdyl,
nmor phol i no, piperazinyl, piperidinyl, cyclopentyl and cycl ohexyl all of
which are furth tuted by 0, 1, or 3 independent Rb groups; R2 is
sel ected from H’H%@@f’%@ 6al k, d _4hat ﬁ‘é cyano, nitro, ORa, NRaRa,
-C(=OR a, -C(=OCR a, C%ONRaRa Cé:RaNRaRa gq)Ra-S(O)ZRa
-S(=0 2NRaRArom 16;@?142&@ iy QHa ;OCg(atio)- EN(MM)‘Q(& R a and - S(=0
2N(R a) C(=O N ?ﬂ(&ahﬁ] | ected fromH, halo, nitro, cyano, C _4alk,

oG _4al k, OC Ak _4alk, N(C _4alk)CG 4alk and C _4hal oal k; R4
is, | ndependent | y R%iiga mmatedmpamaﬁy shrataved 4 5+ @, 6- mycmbe];ed@ng4al k, OC _4alk,

ol _thaloal k. Mt Y BB e BSS AL Refp Srm

sel ect ed éromﬁxlt&@nﬁlo& 2tmt3 @emtams Sefedhed fidh dafohan,HReC,Ghalbalk, the ring
bei ng substi tut ed by 1 substituents selected fromhal o, G _4alk,

G _3hal oal k, ~O6ciallsalNk, N\‘iﬂ@mal‘f\m -NG14elighasalk G 4al k)G _4alk; RS is,

i ndependent | y, i nA%%r h{RE BTG Re inenti I@lat@@t&@@thﬁ@ur@s_hﬂﬁﬁé% slﬁvucﬁﬁre G _6al k
substituted by 1, 2 or 3 substituents selected from hal o, cyano, OH,

OC _4al k, C _4alk, G _3halo OC _4al k, NH2, NHC _4alk andN(G _

4al k)G _ 4a| k; or both R5 #¥Bups Xoget her form a C3_6spiroal k substituted by
0O, 1, 2 or 3 substituents|sel ectled from hal o, cyano, OH, OC _4alk, C _4alk,
d 3haloalk, OC _ 4alk,

- 12 - R2

NBG  4al k and N(G _4al k) G _4al k; A-1478 WO PCT
X1

or any pharmaceutically-acceptable salt thereof, wherein:
10 X'is CR'") or N;
X%is Cor N;
X*is Cor N;
X*is Cor N;
X’ is C or N; wherein at least two of X*, X°, X and X are C;
15 X%is C(R% or N;
X" is C(R") or N;
X% is C(RIO) or N; wherein no more than two of Xl, X6, X" and X® are N;
nis0,1,2or3;
R is a direct-bonded, Cy_salk-linked, OC.,alk-linked, C;alkO-linked,
20  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,
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,
Cisalk, Cy4haloalk, cyano, nitro, -C(=0)R?, -C(=0)OR?, -C(=0)NR"R",



R6 is selected fromhal o, cyano, OH, 0CG _4alk, G _4alk, G _3hal oal k, OC

4al k, NHR9, N(C _4alk)C _4alk, -C(=OCR a, C( =0 N(R a)Ra - N(Ra) ¢( O)Rb
and a 5- wo 26tvesniier ed saturated or partially saturat ed POEUSR@OPEIML i ng
containing 1, 2 or 3 heteroatons selected fromN, O and S, wherein the ring
is substituted by 0, 1, 2 or 3 substituents selected from hal o, cyano, OH,

oxo, OC _4dalk, ¢ C _ shal oal k, ] 4dal k, NH2, NHC _4al k d

N(C _4al k) G l}aéﬁﬁ@z&? SEI ect ed from' > “hal 0, Ci 4ha| oal k, cygﬂo ni tro,
-C(=OR aq, -Cé:O)O?a % NRa)NRaRa - OR a,

- 00(=0) NR aRaC(=MRYNRR FOR) s@eeyomiao (e@N&RW@R@)N(&b@(@)mRa ’ SRa,

-S(=O R O a- S O

2N Ra) 0 20) O 5 B SR EPEO T RO ARSI TR TSR o,

- mg Egggg 8;0:8(&0)%{@310(@0?@3 gf(:@ﬁ‘](ﬁ W(R@))ORlNB(T&(QWECn(d“OOﬂ‘]MIJ Ts(k OzAhZRag

- = o o . al k, erein
the G 6alk Wﬁ%)‘g 'ﬁ%@@d@aﬁ@ﬂ(?ﬁgﬁgﬁsel ected from hal o,
d _4hal oab k, -RyRINOG= NRang R% QG(R@)S?:@)ZR ChwR) @)QNR@(*Q)IMZ%B@NR@( =NR

a) NRaRa, - ORa, -OQ(=O g% “ON(R ) S(=O 2Ra, -OC2

o PaRa. s 81 GooB 0K s e—@)apiaéle cadhon eforpyef the Beg:e))e ONRaRa, - (=0

2N( Ra) (=0 Raédltloﬁllgg)lbéhlﬁt%a)o%‘@)o@&o oF %m@ Fgr@%ﬁ@ﬂ&(vﬁ@eﬁﬁh@ﬁﬂg is NRaRa,
-N(Ra) C(=O R (=0 OR’a % éfrd% =NR 3) NRaRa,
- N(Ra) S(=0) ad«é;tlonaﬂ(ymm(t&@ berFeaFkadlrec ozzde@aSQNmml > INBed2r 6al kOR a,
and the G _6alkihss a0t DAL ke DS LUkEH. Rl rhocilieat

partial | y-satura nsa nobycl ic rings
cont ai ni b@y O pipkrazyyl,Diperiddnds Qampsnaﬂyémcb@cfdhemll\dll dDvdnch &g flntitercont ai ni ng

no, oS han o0 Sy O FIS G kIR B AR carbon ators of the ring are
R” is selected from H, halo, C,_galk, C;haloalk, cyano, nitro, OR?, NR°R?,
-C(=0)R?, -C(=0)OR?, -C(=0)NRR?, -C(=NR*NRR?, -S(=0)R", -S(=0),R",
-S(=0),NRR?, -S(=0),N(R")C(=0)R?, -S(=0),N(R*)C(=0)OR" and
15  -S(=0),N(R")C(=0)NR'R%
R is selected from H, halo, nitro, cyano, Cyaalk, OC,4alk, OC;_shaloalk,
NHC, salk, N(C;.4alk)C;4alk and C;_shaloalk;
R*is, independently, in each instance, halo, nitro, cyano, C;4alk, OCy_4alk,
OCj_shaloalk, NHC, salk, N(C;_4alk)C4alk, Ci shaloalk or an unsaturated 5-, 6- or
20  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,
2 or 3 substituents sclected from halo, C;_salk, C;_shaloalk, -OC;_4alk, -NH,,
-NHC,salk and -N(C;_4alk)C;_salk;
R’ is, independently, in each instance, H, halo, C,salk, C;shaloalk, or
25  Cjealk substituted by 1, 2 or 3 substituents selected from halo, cyano, OH,
OCyalk, C;4alk, Cishaloalk, OC,_4alk, NH,, NHC, salk and N(C,_4alk)C,salk;
or both R® groups together form a Cs_gspiroalk substituted by 0, 1, 2 or 3
substituents selected from halo, cyano, OH, OC,alk, C,4alk, C, shaloalk, OC,.
salk, NH,, NHC, jalk and N(C,_4alk)C,_salk;
30 RS is selected from halo, cyano, OH, OC,_4alk, Cy_salk, C;_shaloalk, OC,.
salk, NHR?, N(C\_4alk)C,_salk, -C(=0)OR?, -C(=0)N(R*R?, -N(R*)C(=0)R" and a

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



ring is substituted by 0, 1, 2 or 3 substituents independently selected
fromhalo, nitro, cyano, G 4alk, OC _4al k, OC _4hal oal k, NHG _4al k

N(C _4al kwai2otalsk74and Ci_4hal oal k; or R7 and R8 t oget hePCarsaoia/ 039+ N-

bri dge wherein the carbon atomis substituted by H halo, cyano, or a
saturated, partially-saturated or unsaturated 5-, 6- or 7-nenbered
nonocyclic rin ontaining 0, 1, 2, 3 or 4 atons selected fromN, O and S,
but containi 'gﬁﬁ{ﬂ%}gabhan one O or E@\/hereln t he avail abl e carbon atons
of the ring are substituted by O, 1 or 2 oxo or thioxo groups, wherein the
ring i s subsorBlremaymosclectedirorg MO andsSibxharein s dngisisebttiseied by hal o,

O 08 ket 1480 By BB g 0P R Ll O,
GI(_ =0) N(Ra) Sﬁa:_t@lE,F&Cl -alBCNHHaNkNRa ik, andm& gk KOk, - SRa -S(=0 Ra,

- S(=0) 2N Ra) Of -0 R e M RO P Ry A CrC B,

- N( Ra) C( =9) NRCeR)OR* N(cRaDQ@KNRa)@RNRa)NRWR@@( WE@'@R N@EaO)ﬁ(JK{P)aZ NRaRa,

-NRaC2 6al kNRaRa and - and to ether fprn1a - N=C-
bri dge wher ef Qcﬁ@l\&@rﬁénoégonﬁcg 6%@8&3@ c@@waﬁigplh oB)Rgal k,

s e A ) N e p g s L St R?%@O%( 9
C(=0) N( Ra) Rar S(e@@ﬂ(rﬂo)CdrOoj\IRﬁlharmTR( N@)Ci Q)RQNGFaD@(ﬂ)O& , 4hal oal k; R10

o, LISLIEE iR ShBle e gt b grane, R L T o ected
C( O) NRaRa, -NESNRY)NRIRE, -NFORa sal kIKR{REONR'C, - MOOROpNRERs 1k, wherein the
S P P55 ey e
cyano, nitro, -C(=0)R?, -C(=0)OR®, -C(= O)NR R* -C(=NR"NRR?, -OR",
-OC(=0)R?, -OC(=O)NR'R", -OC(=0)N(R"S(=0),R", -OC,_¢alkNRR",
-0C,alkOR?, -SR?, -S(=0)R?, -S(=0),R?, -S(=0),NRR?, -S(=0),N(R")C(=0)R?,
15  -S(=0),N(RH)C(=0)0OR?, -S(=0),N(R")C(=0)NRR?, -NR*R?, -N(R*)C(=0)R?,
-N(R")C(=0)0R?, -N(R")C(=0)NRR?, -N(R*)C(=NR*NRR?, -N(R")S(=0),R",
-N(R)S(=0),NRR?, -NR"C;_6alkNR"R" and -NR"C;_calkOR", and the C;_alk is
additionally 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 sclected 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 thioxo groups, wherein the
ring is substituted by 0, 1, 2 or 3 substituents independently selected from halo,
nitro, cyano, Cj4alk, OC;_4alk, OC,_shaloalk, NHC, salk, N(C;_4alk)C,; 4alk and
Ci_shaloalk; 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 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, 3 or 4 substituents selected from halo, C,_salk,
30  Cj4haloalk, cyano, nitro, -C(=0)R", -C(=0)OR?", -C(=0)NR'R", -C(=NR*)NR'R",
-OR?, -OC(=0)R?, -OC(=0)NRR?, -OC(=0)N(R")S(=0),R", -OC, salkNR*R?,
-0C,alkOR?, -SR?, -S(=0)R?, -S(=0),R?, -S(=0),NRR?, -S(=0),N(R")C(=0)R?,



-S(=0 2N(Ra) C(=O) NRaRa, -NRaRa, -N(Ra)C(=0 Ra, -N(Ra)C(=0) ORa,

-N(Ra) C(=O) NRaRa, - N(Ra) C(=NRa) NRaRa, -N(Ra)S(=0) 2Ra, -N(Ra)S(=0 2NRaRa,
-NRaC2 6aWwkNRERA1740NRaC2 6al kOR a, -NRaC2 6al kCO2Ra, - NRaTAISé@bl302Rb,
-CH2C(=O Ra, -CH2C(=0) ORa, -CH2C(=0) NRaRa, -CH2C(=NRa)NRaRa, -CH2ORa,
-CH20C(=0) Ra, - CH2OC(=0) NRaRa, -CH20C(=0) N(Ra) S(=0 2Ra, -CH20C2 6al kNRaRa,
- CH20C2 6al k% %ﬁgb} -CH2S(=O Ra, -CH2S(=0) 2Rb, -CH2S(=0) 2NRaRa,

- CH2S( =0 2N( ?H(gz )Ra,” - CH2S(=0) 2N( Ra) €& =0 ORa, - CH2S(=0) 2N( Ra) C( =0 NRaRa,

- CH2NRaRa, - CH2N(Ra) C(=O) Ra, - CH2N( Rar%%=% ORa, - CH2N( Ra) C(=0) NRaRa,

- CH2N( Ra) C( =h1§(afﬁ§@a\@é)c(-=©&@&€,la§§=$@);m (FQONRR], RIRR = RIKARE)R-, CH2NRa C2
6al kNRaRa, - ak b aGH2 | kSO2Rb,
-zCi:I-IZF{C(:i iiC( :$§§ﬁ%@ﬁﬁmﬁc5 % igﬁlﬁrjgﬁggygrﬁ @,_N?%%%ﬁz}:éhstance, H
or Rb; Rb is-NREMISRIR, -NR CeadbNRIR taad cBR ' GhethOR”; beRZyid Bt G _6al k,

th h |, I d g | k, bei .substituted b Lol 3

sugslto i '? Egnt s%ﬁ%ﬁé&f@ﬁh@ %1:7(2 Wﬂgﬁ%‘lhne?e”i e-scalfrqoglrﬁ%?fﬁll S,u%ﬁltfﬁ?gﬁw,cﬁ(&al%hal oal k,

- OH, - OG5 4aldk galk NER,hatoddiChy Ahal Kitr8NDR? WICR® A (kDIR?, da=aHorid Re is a
saturated or partially-saturated 4-, 5- or 6-nmenpered ring,containing 1, 2
or 3 het er oarOmORH BB FROMRR" S GRURS - SCIDR, 9igSG& MRSibst i t ut ed by O

1, 2 or 3 substitgenty @%agg&e@ Japaikhal o, G _4alk, G _3hal oal k, -OG _4al Kk,
-NH2, -NHG _4al k %9 -N(G _4al kG _4al'k. Another aspect of the invention
Sish

rel ates to conpou meidignsthecedd.rhabs, Gheallsr Camyloalk or cyano;
pharmaceuti cal |'y- RecRRLARE (3@ &1, AA16" EQhtk, M Hafdalk, ofnd, Tiitd, FEoyRE, N

10 -C(=0)OR", -C(=0O)NR'R?, -C(=NR*)NR'R", -OR", -OC(=0)R?, -OC(=0)NRR",
-OC(=0)N(R"S(=0),R?, -OC; calkNR*R?, -OC;6alkOR", -SR", -S(=0)R",
-S(=0),R", -S(=0),NR"R?, -S(=0);N(R*)C(=0)R?, -S(=0),N(R*)C(=0)OR?,
-S(=0),N(R")C(=O)NRR?, -NR"R?, -N(R")C(=0)R", -N(R")C(=0)0R",
-N(R)C(=0)NRR?, -N(R*)C(=NR*)NR'R?, -N(R")S(=0),R?,

15  -N(RHS(=0),NR*R?, -NRC, calkNR*R?, -NR*C,_5alkOR", -NR*C, 5alkCO,R",
-NR*C,.6alkSO,R®, -CH,C(=0O)R", -CH,C(=0)OR?, -CH,C(=O)NR'R?,
-CH,C(=NR*)NR'R*, -CH,OR", -CH,OC(=0)R", -CH,OC(=0)NR"R?,
-CH,OC(=0)N(R")S(=0),R", -CH,0C, salkNR"R", -CH,0C, salkOR", -CH,SR?,
-CH,S(=0)R?, -CH,S(=0),R", -CH,S(=0),NR*R?, -CH,S(=0),N(R*)C(=O)R",

20  -CH,S(=0),N(R")C(=0)OR?, -CH,S(=0),N(R")C(=O)NR"R", -CH,NRR",
-CHN(RHC(=0)R?, -CHN(RY)C(=0)OR?, -CH,N(R*)C(=0)NRR?,
-CHN(RHC(ENRYNRARY, -CHoN(RMS(=0),R?, -CH,N(RM)S(=0),NRR?,
-CH,NRC; 6alkNR*R?, -CH,NR"C; 6alkOR?, -CH,NR"C; 6alkCO,R?,
-CH,;NR*C,.6alkSO;R®, -CH,R®, -C(=0)R® and -C(=0)N(R*R;

25 R® is independently, at each instance, H or R”;

R® is independently, at each instance, phenyl, benzyl or Calk, the
phenyl, benzyl and C;_salk being substituted by 0, 1, 2 or 3 substituents selected
from halo, Ci_salk, Cishaloalk, -OH, -OC;_salk, -NH,, -NHC;_salk and
-N(C,4alk)Cy_4alk; and

30 R® 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



X2 is Cor NN X3isCor N X4is Cor N X5is Cor N wherein at |east
two of X2, X3, X4 and X5 are C, X6 is C(R6) or N, X7 is C(R7) or N, X8 is
C(R10) orwti2owhesaaon no nore than two of X1, X6, X7 andPE@/tsee@oM3omzis O,
1, 2 or 3; Rl is a direct-bonded, G _4alk-1inked, OC _2al k-1inked,

G _2al kO linked, N(Ra)-linked or Olinked saturated, partially-saturated or
unsat urat ed 5- - nmenber ed nonocyclic or 8-, 9-, 10- or 11-nenbered
bi cyclic rlngA%ﬁi\ﬁiPégr o, 1, 2, 3 or ﬁéatom; sel ect ed fromN Oand S,
but containing no nore than one O or S atom substituted by 1, 2 or 3

subst i t uent s subptiépehbieft 1.2 o5l substidertty sahedted foom dialog &1 kalk, 1 shaiaﬁlbal k, cyano,
nitro, O R4, 78 WO-PCT - 15 - =NR
a) NRaRa, A G?LBC 8&68@ %@tﬁ%ﬂ%ﬁ%ﬁ%%% N(R a) S(=O) 2Ra, A o2

6al kNR aRa, -0OC2 @alokiBRagpect @Rbg invE(itx@) iRlagss te Smp)uriRhavinSheGrru2tiRaRa,
-S(=0 2N(R a)C(=O R a, -S(=Q) 2N(R a)C(=O OR a, -S(=0 2N(R a)C(=O NR aRa,
-NRaRa, -N(Ra)C(=OR a, -N(RA)C(=O OR a, -N(Ra)C(=O NR aRa, -N(Ra)C(=NR
a)NRaRa, -N(Ra)S(=0 2Ra, -NRa)S(=0 2NRaRa, -NrRaC2 6al kNR aRa and

- NRaC2_6al kORa, wherein the ai | apRe carbon atons of the ring are
additionally substitutedn® O, or 2 oxo or thioxo groups, and wherein the

ring is additionally subgtituteff by O or 1 directly bonded, SO2 |i nked,
C(=0 Ilinked or CH2 |inkgd grou

sel ected from phenyl, pyridyl, pyrimdyl,

nmor phol i no, plpera2|n¥ g, | , cycl opentyl and cycl ohexyl all of
which are further X NH
3
X2 R
Ay
/\\x3
I
—(R"n
X
X5
5  or any pharmaceutically-acceptable salt thereof, wherein:
X'is CR') or N;
X%is Cor N;
X*is Cor N;
X*is Cor N;
10 X’ is Cor N; wherein at least two of Xz, XS, X* and X° are C,;
nis0,1,2or3;

R'isa direct-bonded, Ci_salk-linked, OC alk-linked, Ci,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,

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 independently selected from halo,
Ci.alk, Cy_4haloalk, cyano, nitro, -C(=O)R?, -C(=0)OR?, -C(=0)NR"R?,
-C(=ENR*)NRR?, -OR?, -OC(=0)R?, -OC(=O)NR"R", -OC(=0)N(R")S(=0),R",
-0C,6alkNRR?, -OC;6alkOR?, -SR?, -S(=0)R", -S(=0),R", -S(=0),NR"R?,

20  -S(=0),N(R"C(=0)R?, -S(=0),N(R")C(=0)OR?, -S(=0),N(R")C(=O)NRR",
-NR*R?, -N(R*)C(=0)R?, -N(R")C(=0)OR", -N(R*)C(=O)NRR?,
-N(RHC(E=ENRHNRRY, -N(RYS(=0),R?, -N(RH)S(=0),NRR?, -NR*C,alkNR"R"



substituted by 0, 1, 2 or 3 independent Rb groups; R2 is selected fromH,
hal o, G 6alk, d _4hal oal k, cyano, nitro, ORa, NRaRa, -C(=O R a, -C(=O OR
a, -C(=OWR 20fR51H4C( =NR a) NRaRa, -S(=O R a, -S(=0 2Ra, PcH({Us®)10DbiRaRa,
-S(=0 2N(R a)C(=O R a, -S(=0 2N(R a)C(=O OR a and -S(=0 2N(R a) C(=O NR
aRa; Ris selected fromH, halo, nitro, cyano, C _4alk, OC _4alk,

OC _4hal oal k, N(C 4alk)CG 4alk and G _4haloalk; R4 is,

i ndependent | yA 12{% Wi&i& iMnst ance, halo, nfiro, cyano, G _4alk, OC _4alk,
OCi _4hal oal k, NHG _4alk, N(G _4al k) G _4al k, G _4hal oal k or an unsaturated
5-,76- or 7- nedBuREd.ARBywhiteinthhgvagleblcapriongtams of thoringawsr 4 at ons

selected fro @0 he ring
bei ng substi %&tlar%bygg‘béim@g%‘o/ gtogggg(?%{ﬁlgon érgel{’ gl?degﬂgre@n@% 1?%1‘4 G _4al k,
Ci _3hal oal k, ad@Gbnab sapstithiieid by-ONCi didkatlk bemmdbd; SIDClinkkal, KY-€D) Wadekd;orR5 i s,
independentl i.n.each instan H. halo, .G 6alk, G 4haloal k, or C|_6al Kk
subst i tuted. GykSd g SELRE Fopbonedd By aia imst matero B9ano, “on

OCi _4al k,50 _p{b%ka&my@ plﬁé}ﬁinﬁ)}éﬂ &Kicldpehtyfad Koy cNHexyINHGF vAadKara Tkl _

4al k)G _ 4a| k; or. both %rou ps together forma C3-6spiroalk substituted by

0, 1, 2 or 35%%%?4%9{13 sOél%&@%Il@%& BEIUPS: cyano, OH, OCi _4alk, G _4alKk,
G _3hal oal k, QG _R“}S'iééfecté&%mwgalo‘l@}] Eall@'tq m&%&@& Cﬂmé}ad)i{a N?@RPS

sel ect ed from hal o ano hal oal 4al k,

NHR9, N(G _4afE@@R"481(K0)ORY, =CGRNR 'R’ @E@FN‘()NRaBaRaS(_ Q&K{ﬁaﬂe@@h b and a
Zondhy 1 TR SN RI O SRR 10
S, wherei® th&=0)MHR¥C(SGODSRIRYt ed by O, 1, 2 or 3 substituents sel ected
fromhalo, cyano, G OXOud s+ RafS, nifo-cains: € atk, OC, salk, OC; shaloalk,
NHC,_salk, N(C,_4alk)C; 4alk and C,_shaloalk;
R*is, independently, in each instance, halo, nitro, cyano, C;_4alk, OC,_jalk,
OCy_shaloalk, NHC,_salk, N(C;_4alk)C,_salk, C, shaloalk 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 being substituted by 0, 1,
2 or 3 substituents selected from halo, C;_salk, C;_shaloalk, -OC;_4alk, -NH,,
-NHC,salk and -N(C;_4alk)C;_salk;
R’ is, independently, in each instance, H, halo, C,¢alk, C;shaloalk, or
20  Cjealk substituted by 1, 2 or 3 substituents selected from halo, cyano, OH,
OCyalk, C;4alk, Cishaloalk, OC,_4alk, NH,, NHC, salk and N(C,_4alk)C,salk;
or both R® groups together form a Cs_gspiroalk substituted by 0, 1, 2 or 3
substituents selected from halo, cyano, OH, OC,alk, Cy4alk, C, shaloalk, OC,.
salk, NH,, NHC, 4alk and N(C,_4alk)C,salk;
25 R® is H, halo, NHR® or OH, cyano, OC,.4alk, C;_4alk, Cishaloalk,
OCalk, -C(=0)OR?, -C(=0)N(R*R® or -N(R*)C(=0)R";
R’ is selected from H, halo, Ci_shaloalk, cyano, nitro, -C(=O)R?,
-C(=0)0OR?, -C(=0)NRR?, -C(=NR*NRR?, -OR", -OC(=0)R", -OC(=0)NR"R?,
-OC(=0)N(R"S(=0),R?, -OC, ¢alkNR*R?, -OC,_alkOR", -SR", -S(=0)R",
30  -S(=0),R% -S(=0),NRR?, -S(=0),N(R")C(=0)R?, -S(=0),N(R*)C(=0)OR?,
-S(=0),N(R")C(=O)NRR?, -NR"R?, -N(R")C(=0)R", -N(R")C(=0)0R",
-N(R)C(=0)NRR?, -N(R*)C(=NR*)NR'R?, -N(R")S(=0),R?,



shal oal k, OC _4al k, NH2, NHC _4alk and N(GC _4alk)C _4alk; R7 is selected
fromH halo, G 4haloalk cyano, nitro, -C(=OR a, -( O)CRa, -C(=O NR
aRa, - C(3NP20)0NR&Ra, - ORa, -OC(=O R a, -OC(=O NR aRa, - @CrASRNORI®YS(=0)
2Ra, -0OC2 6al kNR aRa, -0OC2 6al kOR a, -SRa, -S(=OR a, -S(=0 2Ra, -S(=0
2NRaRa, -S(=0 2N(Ra)C(=0 R a, -S(=0 2N(Ra)C(=O OR a, -S(=0 2N(Ra)C(=O NR

aRa, - NRaRa, Ré@%% ﬁ?‘ -N(Ra) C(=O)OR a, -N(Ra)C(=O NR aRa,

-N(Ra) C( NR% P Ra)S( =0 2Ra, -f{Ra) S(=O 2NRaRa, -NRaC2 6al kNR
aRa, -NRaC2 6al kOR a and d 6alk, wherein the G 6alk is substituted by O,
12o0r 3 subsN(R VO NRIRS CINRI ChradkNR IR 0 NRIC2 4#15DBA RRd chélﬁmhemltlﬂtﬁ

O s By RIPA T B oSS BN R TR BT * o
X EI( R;? R éo - B{&(0) ni2ida; C(@RO}CENMHE? -CSOR RN ReNB PR -Oé%ag( =0
- N§ Ra§ g(( ;og %Q( O)%% R%Q‘%W Fé%( %R)?\@\))éé Nﬁgﬁa) QQ\I ??ARE& r\]fEa Ra) s? O 2Ra,
- N(Ra) S(=0) 2@8§E£akORNF®1€2 aeldst s@a))gmad S(N@m{*’ﬁal S@R)ﬁN(ﬁﬁ)d(zt@bﬁ C _6al k
i s additional I substitu saturate tial (I,ﬁ/ sat ur gt ed or

unsat ur at ed 5552 @f)cf %%er@ﬁ‘%@%%ﬁ Q?NlRtPrgs Bo%t’aN Hf®)R:, 2, 3 or
4 atons sel ecNgga ({) 5 _Q(R%(%)W¢Racq¢tkajmgﬂgama@rg](R*)g{L g@a O or S,

wherein the aval | e carbon ‘atons of the ring are substituted 0, 1 or

oxo or thi oxeNGROUFO)NRE eiNR ClzrealkNRdR iand sWBSE i dalkQRY, yd e C]Lpalk ior 3
s ent RO T8 T P L Rl 2 &
and R8 tbget beor T-aramtzredGadhodyciicgegsdoatagiing Ohe marobémtmg)mlecmdsﬁmm i tut ed
oy 1 bl QYR B AR et PR ALY, SELU S, o Miplunated ©
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, C_4alk, OC,_4alk, OC,_shaloalk, NHC,_jalk, N(C;_4alk)C, 4alk and
15  C;shaloalk; or R and R® together form a -C=N- bridge wherein the carbon atom
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 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
20  the ring is substituted by 0, 1, 2, 3 or 4 substituents selected from halo, C;alk,
C4haloalk, cyano, nitro, -C(=0)R?, -C(=0)OR?, -C(=0)NRR", -C(=NR*)NRR’,
-OR?, -OC(=0)R?, -OC(=0)NRR?, -OC(=0)N(R")S(=0),R", -OC; ¢alkNR*R?,
-0C,6alkOR?, -SR?, -S(=0)R?, -S(=0),R?, -S(=0),NRR?, -S(=0),N(R")C(=0)R?,
-S(=0),N(R")C(=0)OR?, -S(=0),N(R")C(=O)NR'R?, -NR"R?, -N(R*)C(=0)R",
25  -N(R")C(=0)OR?, -N(R")C(=O)NRR?, -N(R*)C(=NR*)NRR?, -N(R")S(=0);R?,
-N(RYS(=0),NR’R*, -NR*C,alkNR*R* and -NR*C,_salkOR*; or R” and R’
together form a -N=C- bridge wherein the carbon atom is substituted by H, halo,
Ci.alk, Cy_4haloalk, cyano, nitro, OR®, NR*R", -C(=0)R?, -C(=0)OR®,
-C(=O)NRR?, -C(=NR*)NRR?, -S(=0)R", -S(=0),R" or -S(=0),NR"R?;
30 R’ is H, C; galk or Cy4haloalk;
R'"! is selected from H, halo, Cy_alk, C;_shaloalk, cyano, nitro, -C(=0)R",
-C(=0)0OR?, -C(=0)NRR?, -C(=NR*NRR?, -OR", -OC(=0)R", -OC(=0)NR"R?,



fromN, Oand S, but containing no nore than one Oor S, wherein the
avai l abl e carbon atons of the ring are substituted by 0, 1 or 2 oxo or
t hi oxo grwopsio/asianei n the ring i s substituted by 0, 1, PRT/US2@0/089942
substituents selected fromhalo, C _6alk, C _4hal oal k, cyano, nitro,
C( =ORa, -C(=00R a, -C(=ONR aRa, -C(=NR a)NRaRa, -ORa, -OC(=OR a,

=O NR aR ﬂ%] O}DQ(FR a)S(=0 2Ra, -0C2 6al kNR aRa, -0OC2 6al kORa, - SRa,
-S( =OR a, %( S(=0 2NRaRa 75]( =0 2N(Ra) (=O R a, A- 1478 WD PCT -
17 - -S(=0 &%é)% O)O?a -S(=0 % ONR aRa, -NRaRa, -N(Ra)C(=O R
a, -N(Ra) (=€ (RR)(SRa@EB-,epﬂaaakHR RN ;@w S NRaFORN( Ra) S(=0)

2Ra, -N(Ra) S ﬁ@ﬁ a R7 and
R9at oge'g hga go&)gﬁ@ 2brl dg’esgﬂbe)kel n car §@I%%S@b@(%{ét |O'[ ut edaBy
H halo, G GM%)zMR_}U{aDONI&R,dYR?R? -MRE)Y@-OPRa  NERIRE0)OR(=O) R a,

2NRa(F\?)aCRRgl i s@@%ﬁkor%ﬁsﬁﬁygﬁaﬁ Rllg& g(Rﬂ?zgatﬁ(l 93t iﬁieoﬁ ) ﬁglzg))

G _3alk, ©i smtwl:b)meamac&alﬁNRm%ahlemz%@lkbmrrNﬁacbgallmoma 6al k,
G _4hal oalk ciégno nltrp .8, C% @ g aaRa -C(=NR
a) NRaRa, - ORaNRI(Gaplk§ @\R%& 0 cS?HI(CF( KRR

_0C2_6al kNR Q528 4 S ,-s O 2NRaR
- S(= O)aZN( Ra?%ﬁz%SR a. ﬁ%@z‘m R?Hg %@S‘ by g) 2N§\’)C( (O)N?? aRaa >
-NRaRa, - N( Raﬁ}ﬁéquF@W(R) ( &2,- agal kIR RS) @Hﬁ) RaXRR’, -NLARY.C( =NR

oAl KOR &, NGt MR o0 Hrst Ikt B OEY ohs - PR B 20y o
a, -CH2ae0 W@S{&O)ZT@RQXX(‘R)M NREIRS(=0) SHRORY=0) RRACKGIONR 'R, - CH20C( =0) NR
oha, - FPOANRA SR, Lo EGORUIIR A0 SRR 621 KOF
-CHN(RHC(ENRYNRARY, -CHLN(RMS(=0),R?, -CH,N(RMS(=0),NRR?,
-CH,NR"C; 6alkNR*R?, -CH,NR"C; 6alkOR?, -CH,NR"C; 6alkCO,R”,
-CH,NR*C,.6alkSO,R®, -CH,R®, -C(=0)R® and -C(=0)N(R*R;
15 R® is independently, at each instance, H or R”;
R® is independently, at each instance, phenyl, benzyl or Calk, the
phenyl, benzyl and C;_salk being substituted by 0, 1, 2 or 3 substituents selected
from halo, Ci_salk, Cishaloalk, -OH, -OC;_salk, -NH,, -NHC;_salk and
-N(C;4alk)Cy4alk; and
20 R® 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 selected from halo, C;_salk, C;shaloalk,
-OC4alk, -NH,, -NHC, salk and -N(C;4alk)C,_salk.

Another aspect of the invention relates to compounds having the structure



-CH2S(=O R a, -CH2S(=0 2Rb, -CH2S(=0 2NRaRa, -CH2S(=0) 2N(Ra)C(=O R a,
-CH2S(=0 2N(Ra) C(=O) OR a, -CH2S(=0 2N(Ra) C(=O NR aRa, - CH2NRaRa,
- CH2N( Ra)w02000R58740- CH2N( Ra) C(=0) OR a, - CH2N( Ra) C( =0 NRraRalsS201083949¢Ra) C( =NR
a) NRaRa, -CH2N(Ra) S(=O 2Ra, -CH2N(Ra)S(=0O 2NRaRa, -CH2NRaC2 6al kNR aRa,
- CH2NRaC2 6al kOR a, - CH2NRaC2_6al kCO 2Ra, - CH2NRaC2 6al kSO 2Rb, - CH2RC,
-C(=OR Cand -C(= )JRc; Ra is independently, at each instance, H or
Rb; Rb is md‘é&%%ﬁgf% at each insta‘ngij phenyl, benzyl or C _6al k, the
phenyl, benzyl and C _6al k being substituted by 0, 1, 2 or 3 substituents
selected fromhalo, C 4al'k2 G 3haloalk, -OH -0OC 4alk, -NH2, -NHC 4alk
and -N(C _4al k)G _4dalk; and Rc is a saturated or partially-saturated 4-, 5-
or 6-nenbered ring contai g 1, _@Nnor 3 heteroatons selected fromN, O and
S, the ring bei ngA- 147§ < 18 - substituted by O, 1, 2 or 3
substituents sel ected 11r\\o\,r\n hallo, C _4al k, C _3hal oal k, -OC _4al k, -NH2,

| k)

-NHC _4dalk and -N(C 4 C flal k. Anot her aspect of the invention rel ates
t o compounds havi ng the r e or any pharmaceutical |l y-acceptable salt

thereof, wherein: X1 is C(R 10) oNHN, X2 is Cor N, X3 is Cor N X4 is C
or Nj X5 is Cor N, wherein at least two of X2, X3,,3X4 and X5 are C, nis

0, 1, 2 or 3; RLis a direct-f d, G _4fal k-1inked, OC _2al k-1inked,

e
<

C _2al kO | i nked, 3
RS — R,
x5¢ <
R
or any pharmaceutically-acceptable salt thereof, wherein:
X%is Cor N;
X*is Cor N;
5 X*is CorN;
X’ is Cor N; wherein at least two of Xz, XS, X* and X° are C,;
nis0, 1,2 or 3;

R'isa direct-bonded, Ci_salk-linked, OC alk-linked, Ci,alkO-linked,

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

10  7-membered monocyclic or 8-, 9-, 10- 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 O or
S atom, substituted by 0, 1, 2 or 3 substituents independently selected from halo,
Ci.alk, Cy_4haloalk, cyano, nitro, -C(=O)R?, -C(=0)OR?, -C(=0)NR"R?,
-C(=ENR*)NRR?, -OR?, -OC(=0)R?, -OC(=O)NR"R", -OC(=0)N(R")S(=0),R",

15  -0C,6alkNRR?, -OC;6alkOR?, -SR?, -S(=0)R", -S(=0),R", -S(=0),NRR?,
-S(=0),N(R")C(=0)R?, -S(=0),N(R*)C(=0)0R?, -S(=0),N(R*)C(=0O)NR"R?,
-NR*R?, -N(R*)C(=0)R?, -N(R")C(=0)OR", -N(R*)C(=O)NRR?,
-N(RHC(E=ENRHNRRY, -N(RYS(=0),R?, -N(R)S(=0),NRR?, -NR*C,6alkNR"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 directly bonded, SO, linked, C(=0) linked or
CHj; linked group selected from phenyl, pyridyl, pyrimidyl, morpholino,



N(Ra)-linked or Olinked saturated, partially-saturated or unsaturated 5-,
6- or 7-nmenbered nonocyclic or 8-, 9-, 10- or 1l1-nenbered bicyclic ring
cont ai ni nyoQo1011512p 3 or 4 atons selected from N, O andPEI/usea10089¥42i ni ng
no nore than one Oor S atom substituted by 0, 1, 2 or 3 substituents

i ndependently selected fromhalo, G _6alk, G _4hal oal k, cyano, nitro,

-C(=O R a, - C(=O NR aRa, C£ NR a) NRaRa, -ORa, -OC(=OR a,
-OC(=O NR a 15}@%}’&% a) S(=O 2Ra, 6al KNRaRa, -OC2 6al kORa, - SRa,
“S(=O)R a, -S(=0) 2Ra, -S(=0 2NRaRa, -S( =0 2N(Ra) O)Ra -S(=0

2N( Ra) C(=0) GleramS/(l ~dperizhipragyclopeyiiRertReyclohrReRA of Wi ayreft)R a,

N 55 St R e o e <0
- NRaC2- Ga: lkORa WiRGrisesaoctduefrau &, Ihal, é:laaktimhabmlkscwhohhmrﬁ)hbm \M? o
Fing i add ot by Lok o PR o Ca Bl eSS B R nkea, |
C(=0 i nked-gE-OFRRIR® rds%dogmmpcmnct@@:@yzmmeﬂyjmwal dyl, pyrimdyl,

mor phol i no, erazin Jdinyl, cyclopentyl and cycl ohexyl all of
whi ch are fur$(ﬁ9r)21§@fbiq Fp&t\]goRby 0, 1, 2 or 3 independent Rb groups; R2 is

sel ected from H_ alioscidicdgbt o @alo‘lﬁfﬁloo@}héﬁo S(pIeocisoocimodgara,
-S(=0 ZNmRéIHCS@H@V(QI\KE&C)ﬁg @E@)@Caqhﬂcs(k:q 2N(R a) C( =0 OR a and - S( =0

2N 2 U= e gL OB, e e /IR, 06 L
is, i nde:p@ndé)(i l4yaloalh NH& silksN@h celk)Gaktk, Cnial@lk cyanlmsaﬁatéldai-k p- I5'e 4a| K,
g_) gt]al oal k’7 -mem qb rnonoc cPcn%glclé%talmg 6,k1, 2% Uflérl]g'éo(r)nasl sléle(c):tred%rom R]sgt ur at ed
and S, but containing no more than one O or S, the ring being substituted by 0, 1,
2 or 3 substituents selected from halo, C;_salk, Ci_shaloalk, -OC;_4alk, -NH,,
-NHC,_4alk and -N(C;_4alk)C, salk;

15 R’ is, independently, in each instance, H, halo, C,_salk, C, shaloalk, or
Cisalk substituted by 1, 2 or 3 substituents selected from halo, cyano, OH,
OCyalk, C;4alk, Cishaloalk, OC,_4alk, NH,, NHC, salk and N(C,_4alk)C,salk;
or both R® groups together form a Cs_gspiroalk substituted by 0, 1, 2 or 3
substituents selected from halo, cyano, OH, OC,alk, C,4alk, C, shaloalk, OC,.

20  salk, NH;, NHC, 4alk and N(C;_4alk)C,salk;

R’ is H, Ci6alk or C;_shaloalk;

R'! is selected from H, halo, C;¢alk, Cyshaloalk, cyano, nitro, -C(=0)R?,
-C(=0)0OR?, -C(=0)NRR?, -C(=NR*NRR?, -OR", -OC(=0)R", -OC(=0)NR"R?,
-OC(=0)N(R"S(=0),R?, -OC; calkNR*R?, -OC;6alkOR", -SR", -S(=0)R",

25  -S(=0),R", -S(=0),NR*R?, -S(=0),N(R*)C(=0)R?, -S(=0),N(R*)C(=0)OR?,
-S(=0),N(R")C(=O)NRR?, -NR"R?, -N(R")C(=0)R", -N(R")C(=0)0R",
-N(R)C(=0)NRR?, -N(R*)C(=NR*)NR'R?, -N(R")S(=0);R?,
-N(R")S(=0),NR"R?, -NR"C; salkNR"R?, -NR"C; 6alkOR", -NR"C; 6alkCO,R",
-NR*C,.6alkSO,R®, -CH,C(=0O)R*, -CH,C(=0)OR?, -CH,C(=0)NR'R?,

30 -CH,C(=NR*NR‘R?, -CH,0R?, -CH,OC(=0)R", -CH,OC(=O)NRR?",
-CH,OC(=0)N(R")S(=0),R", -CH,0C,4alkNR"R", -CH,0C, 4alkOR", -CH,SR",
-CH,S(=0)R?, -CH,S(=0),R", -CH,S(=0),NR*R?, -CH,S(=0),N(R*)C(=O)R",



7- menbered nonocyclic ring containing 0, 1, 2, 3 or 4 atons selected from

N, Oand S, but containing no nore than one Oor S, the ring being

substi t utwo 2b1/131748, 2 or 3 substituents sel ected from raraiS2@io/ 0wk,

C _3haloal k, -OC _4alk, -NH2, -NHC _4alk and -N(C _4al k)G _4alk; R5 is,

i ndependently, in each instance, H, halo, C _6alk, C _4hal oalk, or G _6alk
substituted by 0 substituents sglected from hal o, cyano, OH,

oG _4al k, o%éﬁi’%‘%’ﬁ'i_’@ﬁm oal k, OC 4aT§A NH2, NHG 4al k andN(G _

4al k)G _ 4a|k or both R5 groups together forma C3 65p|roalk substituted by
0, 1, 2 or 3-SUBYFOIINR K (5O)QBT, edHES G RMRO)C(EPAINB, ROGCHOR Rial k, G _4al k,

rane § far it Pctbpp ool 5, <
-C(=0 IR a, —mﬁﬂz)mmmmma N(PBN(KOSG)%B QA NR $$(|=@OMWJ om H hal o,

G it o AR AT O S 0

6al KNR aRa, @%\Iﬁmzi{s%S%R SBH,RS, S(C(-AQ R° and QOGN g RRRS; - S(=0 2NRaRa
-S(=0 2N(R a)C(=Q,R a,, - S(=0 2N(RaC(—OO?ab (=0 2N(R a) (=0 NR aRa,
-NRaRa, -N(Ra)C(= F@ladenen(iﬁg eeﬁ@ymsgncc,rﬁ% RERG(=O NR aRa, - N(Ra) C(=NR

a) NRaRa, - N(Ra) S( /O %ﬁ%ée%d amcﬁ%tancgg)henyll%é?églﬁ(r‘@ afkNRRRa,
- NRaC2- 6al kNR aRa, - OR a and whefein the G 6alk is

substituted phewy]l, bﬁn%’@tﬂd:@l$db§)@1nlgwehit§ut9@b§§@t b ¢1rosmbhatuents glcatedl oal k,

cyano, nitro ; NRaRa, CRa

-0C(=O)R a, f&ﬂcﬂ%ﬁ\ﬁ “%ﬁaccgk@g ‘ﬁ% QFR %S%%RN%QZ NH@%?“%@ NRaRa, -

6al kORa, 10 SRaN(Cls(aﬁszaag andS( 0) 2Ra, -S(=0) 2NRaRa, -S(=0 2N(Ra)(C( 0) R a,

-S(=0 2N(Ra) (= O)R 18 a éatura d%)r parti gﬁg)sac%{lra%(f\l f 9 or' 6- rneR%ered rlng( Ra) A=OR a,
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, C;_salk, C,_shaloalk,
-OC1_4alk, -NHz, -NHC1_4alk and -N(C1_4alk)C1_4alk.

15 Another aspect of the invention relates to compounds having the structure
NH,
CN
NF ’
K
N
3
X2 R
<
/\\X:3
I
— R
=

or any pharmaceutically-acceptable salt thereof, wherein:
X%is Cor N;
X*is Cor N;
20 X*is CorN;
X’ is Cor N; wherein at least two of Xz, XS, X* and X° are C,;
nis0, 1,2 or 3;



-N(Ra) C(=O)OR a, -N(Ra) C(=O NR aRa, -N(Ra)C(=NR a)NRaRa, -N(Ra)S(=0 2Ra,
-N(Ra) S(=O) 2NRaRa, -NRaC2 6al kNR aRa and - NRaC2_6al kOR a, and the Cl-6alk
i s additiwoabioissubstituted by O or 1 saturated, partialPCyASsat0naez or
unsaturated 5-, 6- or 7-menbered nonocyclic rings containing 0, 1, 2, 3 or
4 atons selected fromN, Oand S, but containing no nore than one O or S,
wherei n the avai e rbon atons of t ring are substituted by 0, 1 or 2
ox0 or thi ox%‘@‘#iﬁi@@'l’merel n the ring” 15% substituted by 0, 1, 2 or 3
substituents i nde%gndent |y selected fromhalo, nitro, cyano, d _4alk,

OCi _4al k, OCi _4halRoas « dirpgtdiondes, k- 4ails@nketh|(1@1@a1k41mk|eda<adzatki0 -Uihlgddoal k; or R7
and R8 toget Ekgk ) 1?1{14&1%0 Ip%ed%ffau ﬁfaﬂ}r%aﬁlpﬁ?&&f %gtu?att&mlé é”bs“ tuted

by H, hal o, o, a satura -satura unsat ur at ed 5-,
6- or 7-nenbé’rrﬁeinh@ad)nmb¢:§cchr:|on§- @arilthlonilh@e@qbeitcdtﬂcyc:&cmmgzbomtaﬁnnsg 8el ect ed

fromN, O an , cont i n n one. QO or erein_.the
aval | abl 6 canbd S BHETSFERES PrRgNapand e Er BipuTge Sord hah Sa G o
t hi oxo greups,atwhiesudktitutdd®yro, ng2 bs3 swz;ﬁtuemtl ﬁbﬂde@tl Yele@ed &ofrhado,
substituents sel ected fromhal o, G 6a| K qal K apoa nitro,

"C(=O)R a, - &stKcR-Aaloaly mmlgrea ( @@RNFQGT)Q)% C(= R'oc(=O R a,

O NR aR K kK OR; - SRa,
eI Tt e e e e
2N( Ra) C( =0) ORO8 al@@&@ O RaQRIOSE. &QEO)RWR@)zRN(S REQ BNRAR

-NCRa) & =9) Gy iR ) =N 5( =0 2R,
-N(Ra) S(=0 62&@@%@@% %@W% 7 and RO
t oget her1d or HNR Ral\l=NZ(-R I (FOYR?, WNER BC 6=Q OR A (BO)C (RONNRIRS, subst ituted by H,
hal o, C _6al i . 4hal . a RQ, Aith =0 (=0 R
a, -O(=0 NR gﬂ@%@%rﬁ@ %(3@5—%} T‘Eﬁ%% 1\% (e Eﬁ‘%& BNRaRa: RO
is H G _6al kn@NR'CARRORA] ¥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 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 all of which are further
substituted by 0, 1, 2 or 3 independent R® groups;

R is selected from H, halo, nitro, cyano, Cyaalk, OC,4alk, OC;_shaloalk,
NHC, _4alk, N(C;_4alk)C; 4alk or C,_shaloalk;

20 R*is, independently, in each instance, halo, nitro, cyano, C;.4alk, OCj_4alk,
OCj_shaloalk, NHC, salk, N(C;_4alk)C4alk, Ci 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, C;_jalk, C;_shaloalk, -OC,_4alk, -NH,;, -NHC;_4alk

25 and -N(C,.alk)C,salk;

R’ is, independently, in each instance, H, halo, C;salk, C;shaloalk, or
Ci6alk substituted by 1, 2 or 3 substituents selected from halo, cyano, OH,
OCyalk, C;4alk, Cishaloalk, OC,_4alk, NH,, NHC, salk and N(C,_4alk)C,salk;
or both R® groups together form a Cs_gspiroalk substituted by 0, 1, 2 or 3

30  substituents selected from halo, cyano, OH, OC,_4alk, C;4alk, C,_shaloalk, OC,.
salk, NH,, NHC, jalk and N(C,_4alk)C,_salk;

R’ is H, C,¢alk or C;shaloalk;



Rl 1 is selected fromH, halo, G _6alk, d _4haloalk, cyano, nitro, -C(=OR
a, -C(=00OR a, -C(=ONR aRa, -C(=NR a)NRaRa, -ORa, -OC(=OR a, -0OC(=O NR
aRa, A- 14A80WM0AGT40 2 1 - -OC(=O N(R a) S(=0) 2Ra, -0C2 @alrkiNR1839942 OC2
6al kOR a, -SRa, -S(=O R a, -S(=0 2Rb, -S(=0) 2NRaRa, -S(=0) 2N(Ra)C(=OR
a, -S(=0 2N(Ra)C(=O OR a, -S(=0 2N(Ra)C( =O NR aRa, -NRaRa, -N(Ra)C(=OR
a, -N(Ra) a) C(=O) NR aRa, -N(Ra) C(=NR a) NRaRa, -N(Ra)S(=0
2Ra, - N(Ra) s%%%@fﬁbgﬁ NRaC2 6al kNR &Ra, -NRaC2 6al kOR a, - NRaC2_ 6al kCO
2Ra, -NRaC2 6al kKSQ2Rb, -CH2C(=O) R a, CHZC( =0 COR a, CHZC( =O NR aRa,

- CH2C( =NR a) NRaRaR'- SHilerad froaHX@e0R), FCEO)IOB RGO RIR ‘aRa, - CH20C0( =O) N( R

b 0y o CE afRaF R 260 -0 D RPN, a%?&%ﬁﬁ%( GRAOR &
$§§E R% %(N( mfﬂﬁl@ﬂm %-OCMQ REO)SRY( M?OQK@QSNRO , -S(GDIPNIRAR:,, PN Re) Of =N\R
a) NRaRa, - %@3 %@1@@% %&g Cé(c%ﬁﬁ% %(88)% ﬁ%&é’ Q%@@Hi‘ al kNRaRa,

- CH2NRaC25 6al-KQR 2, N¢ BoI22- ﬁ@m R MRN@%)ISR?R@SOZRb - CH2RC,
-C(=O R Cand - & éﬁ\{ Ba, i nstance, H or
I A e A LRI U i S @(Raﬁ@r@»NRb%ﬂM oralkRER LK ¢ he

phenyl , benzy al i @gg@st b 8 substi tuents
sel ect ed fromNﬁzéllzo a@gﬁ N(R@&QHC NR&@Z 6Q1k§b2ﬁ é;HZ@EU)RI\iHZ -NHG _4al k

and - N(CG _4aFRHE (0K, m%omm sé?tHzCéf]EB )NR BAFCHaORY:- sat urat ed 4-, 5-
o G TenEr edcHiAB SRR B o fct. LRSI A ERERhe o0 from I an
hal o, Ci1dal kCHQDC;BM{N)HlRR -CH,0C,.6alkOR?, -CH,SR?, -CH,S(=0)R?, -CH,S(=0),R",
-CH,S(=0),NRR?, -CH,S(=0),N(R*)C(=0)R?, -CH,S(=0),N(R*)C(=0)OR?,
-CH,S(=0),N(R)C(=0)NR'R", -CH,NRR", -CH,N(R*)C(=0)R?,
-CHN(RHC(=0)OR?, -CH,N(R*)C(=O)NRR?, -CH,N(R*)C(=NR*)NRR?,
-CHN(RHS(=0),R?, -CH,N(RHS(=0),NRR?, -CH,NR"C; 4alkNRR?,
15  -CH,NR'C,4alkOR?, -CH,NR'C, 4alkCO,R?, -CH,NR*C,.6alkSO,R®, -CH,R®,
-C(=0)R’ and -C(=O)N(R“R®;
R" is independently, at each instance, H or Rb;
R® is independently, at each instance, phenyl, benzyl or C,alk, the
phenyl, benzyl and C;_salk being substituted by 0, 1, 2 or 3 substituents selected
20  from halo, Cisalk, Cishaloalk, -OH, -OC;_4alk, -NH,, -NHC,_salk and
-N(C;4alk)Cy4alk; and
R® 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 selected from halo, C;_salk, C;shaloalk,
25  -0Cjaalk, -NH;, -NHC, 4alk and -N(C, 4alk)C;_4alk.

Another aspect of the invention relates to compounds having the structure



-0OC _4dalk, -NH2, -NHC 1-4alk and -N(C _4al k) G _4al k. Anot her aspect of the
invention relates to conpounds having the structureA-1478 WO-PCT - 22 - or
any phar msoeoto/isai4by- acceptabl e salt thereof, wherein: XRETIES200899M; X3 is
Cor N, X4is Cor N X5is Cor N wherein at |least two of X2, X3, X4 and
X5 are C nis 0, 1, 2 or 3; Rl is a direct-bonded, C _4al k-1inked, OC

_2al k-1inked i nked, N(Ra)-lipked or OIlinked saturated,
partially- saﬁu?ﬁ@cggchnsaturat ed 5-, 2&( or 7-nmenbered nonocyclic or 8-,
9-, 10- or 11-nenbered bicyclic ring cont aining 0, 1, 2, 3 or 4 atons
selected fromN, O and S, but ntaining no nore than one O or S atom

substituted by O, 1, 2 or 3 sub tltugnts i ndependently sel ected from hal o,
C _6al k, C _4hal oal k, cyano, C( =O Ra, -C(=0 ORa, -C(=0 NRaRa,

el NRa)NRaRa -CORa, -0C(=0O) Ka, - =0 NRaRa, -0OC(=O)N(R a) S(=0) 2Ra, -QOC2
6al kNRaRa, -0OC2 6al kORa, - e IO Ra, -S(=0 2Ra, -S(=0 2NRaRa,

-S(=0 2N(Ra) C(=O) Ra, -S(=@fF2N(R&) C(=0) ORa, -S(=0) 2N(Ra) C(=0) NRaRa, - NRaRa,
-N(Ra) C(=O Ra, -N(Ra)C(=0) CRa, ;?aéRa C(= OkINRaRa R3N( Ra) C( =NRa) NRaRa,
-N(Ra) S(=0) 2Ra, - N(Ra) S(=0) 2NRa | P&gg(aa and - NRaC2_6al kOR a,
wherein the available carbon atons gf thhe rijpg are gdditional Iy substituted
by 0, 1 or 2 oxo or thioxo groups, and n tJ’l;'e4 i is additionally
substituted by 0 or 1 directly bonderl, SO 1inkéd, C(=O) |inked or CH2

| i nked group sel ected from phenyl, pyridyl, pyrimdyl, norpholino, A-1478
WO PCT - 23 - piperazinyl, piperidinyl, &/cl opent yl and cycl ohexyl all of
whi ch are fugkBef pharmaceutically-acceptable salt thereof, wherein:

X'is CR'") or N;
X%is Cor N;

5 X*is CorN;
X*is Cor N;
X’ is Cor N; wherein at least two of Xz, XS, X* and X° are C,;
Y is N(R®), O or S;
nis0,1,2or3;

10 R'isa direct-bonded, C;_salk-linked, OC alk-linked, C;,alkO-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, 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, C,.salk,
15  Cjhaloalk, cyano, nitro, -C(=0)R®, -C(=0)OR", -C(=O)NRR", -C(=NR*)NR'R?,
-OR?, -OC(=0)R?, -OC(=0)NRR?, -OC(=0)N(R")S(=0),R", -OC; ¢alkNR*R?,
-0C,6alkOR?, -SR?, -S(=0)R?, -S(=0),R?, -S(=0),NRR?, -S(=0),N(R")C(=0)R?,
-S(=0),N(R")C(=0)OR?, -S(=0),N(R")C(=O)NR'R?, -NR"R", -N(R*)C(=0)R",
-N(R*)C(=0)0R?, -N(R")C(=0)NRR?, -N(R*)C(=NR*)NRR?, -N(R")S(=0),R",
20  -N(R")S(=0),NRR?, -NR"C,_alkNR"R" and -NR"C,_salkOR", wherein the
available carbon atoms of the ring are additionally substituted by 0, 1 or 2 oxo or
thioxo groups;
R? s, independently in each instance, selected from H, halo, C;alk,
C14haloalk, cyano, nitro, OR?, NR*R?, -C(=0)R", -C(=0)OR", -C(=0O)NR'R",



substituted by 0, 1, 2 or 3 independent Rb groups; R2 is selected fromH,
hal o, d 6alk, C _4hal oal k, cyano, nitro, ORa, NRaRa, -C(=O R a, -C(=O OR
a, -C(=OWR 20fR51H4C( =NR a) NRaRa, -S(=O R a, -S(=0 2Ra, PcH({Us®)10DbiRaRa,
-S(=0 2N(R a)C(=O R a, -S(=0 2N(R a)C(=O OR a and -S(=0 2N(R a) C(=O NR
aRa; Ris selected fromH, halo, nitro, cyano, C _4alk, OC _4alk,

OC _4hal oal k, N(C 4alk)CG 4al k and G _4haloalk; R4 is,
|ndependentlyA 12{% Wi&i& nstance hal o, " fitiro, cyano, C _4alk, OC _4alk,
OC _4hal oal k, NHCG 4alk, N(C 4al k)G 4alk, G _4hal oal k or an unsaturated
5-,76- or 7- neRDIRIAHFORs $(rﬁljzR90fﬁ(aObuNFgRﬁ -SEORNR)GEYREL ons

selectedfro S b € than one Oor S, the ring
bei ng substi tu({joaqf)@?gs( Q)BE\ 835)213@{55@&@ selected fromhal o, G _4alk,
G _3hal oal k, -0OC Rdad selectddHom HyHelo, Ardok cymd, CN(a([i OfalkkODC4alhdoalRS i s,

[ ndependentl ach_in nc C _6al k, C _4hal oalk, or G _6a| Kk
substit ut ed 14a§< %ﬂcgﬂi@g@f{ﬂf %ﬁt‘& Loé‘iliect ed from hal o, cyano, OH,

OCi _4al k,5G _4al kR'@ Jlﬁfk@blﬁﬁhﬁy, iRehcidiabténcdNmido, NHE cyvaab kCaaNOD, 4alk,

4al k)G _ 4a|k or both Hggroups togl1kther forma C3 sp iroal k substituted by
0, 1, 2 or 3QGpbtlpalieNHS stk NeCaadli)ompikaloshaigpling: amsaf@@te% R;0IG _4al kK,

G 3ha| oal k, 7Q6L beré@h{&no%c iNECbndflike @rﬂdﬂ\K 8}4ﬂt%lrﬂ§)sgecféalfﬁnﬁ90' s H,
Ci 6a| k or G 4haloalk; RI is selected fromH

G 4hal oal k, 28§ &nbnt canteinig ncqnﬁ@) tRamone Qo E) sszsatutedd(ﬁQD)INﬁ oa@a -C(=NR
ga:\lsﬁlgaal?a%%ﬁ%c{%d fio 5[9 @(RL%YRQ éha@cagf Oé)l&(]‘éRﬁg) ﬁ%?%éggﬁ&él?a
-S(=0 2N{R aN@ =akHCasalls S(=0) 2N( Ra)(=0 R a,
R’ is, independently, in each instance, H, halo, C,salk, C;shaloalk, or
Cyalk substituted by 1, 2 or 3 substituents selected from halo, cyano, OH,
0OCy_jalk, Cy_4alk, C_shaloalk, OC, 4alk, NH,, NHC, jalk, N(C, 4alk)C, 4alk; or
both R’ groups together form a Cs_gspiroalk substituted by 0, 1, 2 or 3 substituents
15  selected from halo, cyano, OH, OC,_4alk, Cy_salk, C;_shaloalk, OC,_salk, NH,,
NHC,salk, N(C,_4alk)C, salk;
RC is H, halo, NHR® or OH;
R’ is selected from H, halo, Ci_shaloalk, cyano, nitro, -C(=O)R?,
-C(=0)0OR?, -C(=0)NRR?, -C(=NR*NRR?, -OR", -OC(=0)R", -OC(=0)NR"R?,
20 -OC(=O)N(RHS(=0),R?, -OC,6alkNRR?, -OC,6alkOR?, -SR?, -S(=0)R”,
-S(=0);R?, -S(=0),NRR?, -S(=0),N(R*)C(=0)R", -S(=0),N(R*)C(=0)OR",
-S(=0),N(R")C(=O)NRR?, -NR"R?, -N(R")C(=0)R", -N(R")C(=0)0R",
-N(R)C(=0)NRR?, -N(R*)C(=NR*)NR'R?, -N(R")S(=0);R?,
-N(RH)S(=0),NRR?, -NR"C;6alkNR"R", -NR*C,_alkOR" and C;_salk, wherein the
25  Cjealk is substituted by 0, 1 2 or 3 substituents selected from halo, C;shaloalk,
cyano, nitro, -C(=0)R?, -C(=0)OR?, -C(=0)NRR?, -C(=NR*)NRR?, -OR",
-OC(=0)R?, -OC(=O)NR'R", -OC(=0)N(R"S(=0),R", -OC, salkNRR",
-0C,6alkOR?, -SR?, -S(=0)R?, -S(=0),R?, -S(=0),NRR?, -S(=0),N(R")C(=0)R?,
-S(=0),N(R")C(=0)OR?, -S(=0),N(R")C(=O)NR'R?, -NR"R", -N(R*)C(=0)R",
-N(R*)C(=0)0R?, -N(R")C(=0)NRR?, -N(R*)C(=NR*)NRR?, -N(R")S(=0),R",
-N(R")S(=0),NRR?, -NR"C, salkNR"R" and -NR"C,_6alkOR", and the Cy_alk is
additionally substituted by 0 or 1 saturated, partially-saturated or unsaturated 5-,

3

o



-S(=0) 2N(R a) (=0 NR aRa, -NRaRa, -N(Ra)C(=OR a, -N(Ra)C(=0) CR a,

-N(Ra) C(=O NR aRa, -N(Ra)C(=NR a)NRaRa, -N(Ra)S(=0 2Ra, -N(Ra)S(=0
2NRaRa, -WP2@d/BalkNR aRa, - NRaC2 6al kOR a, - NRaC2 6al k BOTAR2)104MBAL?

6al kSO 2Rb, -CH2C(=O)R a, -CH2CG(=O)OR a, - CH2C(=O)NR aRa, - CH2C(=NR

a) NRaRa, - CH2ORa, - CH2OC(=O)R a, - CH2OC(=O) NR aRa, - CH20C(=0) N(R a) S(=0)
2Ra, -CH2OC2 6 CH20C2 6al k -CH2SRa, -CH2S(=OR a, - CH2S(=0
2Rb, - CH2S(= d%@&bgﬁmzs( =0 2N( R%%( “OR a, A- 1478 WO-PCT - 24 - -CH
25(=0 2N(R a)(=O)OR a, -CH 2S(=0 2N(R a) C(=O) NR aRa, - CH 2NRaRa, - CH
2N(R a) (=0 R- ar7n@mbzam( ey el®) ORzseconta@Hng N R 2ap @(fé@m@mtedfmmzN(R

NR NR 2NRaC2
SRTKNR amn N it %Kﬁ%é%(m%é%%@ B et o GBS
2Rb, - CH 2RCatonf3(cf@drif amd;ubs(ﬁ(tm@)b&ﬂ, apRe pxdRar thmxormlmmn@hmehyme at each
i nstance, H or nd n ce, benzyl or
o balks 1 e Tprangio Rl i 0% BEF Sedhchls G Rena Rl SR Ena Botiieig, *5"eY 5
subst i t uet s nggy, ey&@dcﬁ aamm(b@l 4@11( OC,4nd1kalk NHBNIRAN(IC,_1al¥¢ | a®Gnd4al k, - NH
2, -NHG _ 4alk and - N(G | k)G _ 4al k; and Rc . is a saturated or

parti al | y- safurbaleak :sz @nd& teR SRR - TNyLIEdassiFIA ghey carborgton
het eroat oms gel @6hiGe df b:'y(}'inlﬂlo c%&ner §satﬁrla€edrpa{}aalgem@raﬁea%hhwﬁﬁédby 0 1,

2 or 3 substituents selected from hal o, hal oal -0OC 1-4Si | k,
-NH 2, - NHC $-.4Sior R-ragraberpd @omeicky cnglckntammmés 2a§@re<b@tomfs Stsllqeted nventl on

relates to Caﬁ%ﬁpﬂ ”6Sanﬁas" %ﬁtgcoglgﬁ??lﬁé hb‘ (1:1{0‘11 thafl nQWOr S,%\glerem &16 avawble

phar maceuti c acceptable ereo Wher el f
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, Csalk,
C)4haloalk, cyano, nitro, -C(=0)R?, -C(=0)OR?, -C(=0)NRR*, -C(=NR*)NRR’,
-OR?, -OC(=0)R?, -OC(=0)NRR?, -OC(=0)N(R")S(=0),R", -OC, salkNR*R?,
-0C,alkOR?, -SR?, -S(=0)R?, -S(=0),R?, -S(=0),NRR?, -S(=0),N(R")C(=0)R?,

15  -S(=0),N(RH)C(=0)0OR?, -S(=0),N(R")C(=0)NRR?, -NR*R?, -N(R*)C(=0)R?,
-N(R")C(=0)0R?, -N(R")C(=0)NRR?, -N(R*)C(=NR*NRR?, -N(R")S(=0),R",
“N(RYS(=0),NR’R*, -NR*C;alkNR*R* and -NR*C,_salkOR*; or R” and R’
together form a -N=C- bridge wherein the carbon atom is substituted by H, halo,
Ci.alk, Cy_4haloalk, cyano, nitro, OR®, NR*R", -C(=0)R?, -C(=0)OR®,

20 -C(=O)NR'R’, -C(=NR*)NR'R?, -S(=0)R", -S(=0),R", -S(=0),NR"R?

R®is H or Ciesalk;

R’ is H, Cisalk or Cishaloalk;

R' is H, halo, Cy.3alk, C;_shaloalk or cyano;

R'! is selected from halo, Csalk, C;_shaloalk, cyano, nitro, -C(=O)R",

25  -C(=0)OR’, -C(=O)NR'R", -C(=NR*)NR'R", -OR", -OC(=0)R?, -OC(=0)NRR",
-OC(=0)N(R"S(=0),R?, -OC; calkNR*R?, -OC;6alkOR", -SR", -S(=0)R",
-S(=0),R", -S(=0),NR*R?, -S(=0),N(R*)C(=0)R?, -S(=0),N(R*)C(=0)OR?,
-S(=0),N(R")C(=O)NRR?, -NR"R?, -N(R")C(=0)R", -N(R")C(=0)0R",
-N(R)C(=0)NRR?, -N(R*)C(=NR*)NR'R?, -N(R")S(=0),R?,

30 -N(R")S(=0),NRR?, -NR"C;_alkNR"R" and -NR"C,_salkOR";

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



X3is Cor N; X4is Cor N; X5is Cor N; wherein at |least two of X2,
X3, X4 and X5 are C nis 0, 1, 2 or 3;A-1478 WO-PCT - 25 - RLis a

di r ect - bomOedio/BSi74dal k-1 i nked, OC _2al k- 1inked, G _2alPk@uszotk®sgosN( R
a)-linked or Olinked saturated, partially-saturated or unsaturated 5-, 6-
or 7-nmenbered nonocyclic or 8-, 9-, 10- or 11-nenbered bicyclic ring
contai ning O, 4 atons sel ect fromN, O and S, but containing
no nore than%i@%&’& P%ltratom substituted by 0, 1, 2 or 3 substituents
|ndependently sel ected fromhalo, G _6alk, G _4haloal k, cyano, nitro,

C( =OR a, - inindergnde)tRatreh TisgnenmhalNRbRay! orRaalk, the( =O) R a,

S0k a aR@temes%&%l%%%&%&éﬁﬁ‘sﬂt@%@ N sty 9&&@% INR

a) (=0 OR a, froB( =Dy, QNaR, &) ot NROGRa 1k, --NRERENHE NfalRa e NOCR4ak)C -
-N(Ra)C(=O OR 2, -N(Ra) C(=O NR aRa, -N(Ra)C(=NR a)NRaRa, -N(Ra)S(=0 2Ra,

- N(Ra) S(=0) 2NRaRa, -NRaC2 6al kNR aRa and - NRaC2_6al kOR a, wherein the

avai | abl escar bon a4 @Rgh&fentiddiniémgin@b&juasklint v Bnaky of B Bsdvctditbedwby 0, 1 or
2 oxo or thioxgo groups, and wherein the ring is additionally substituted by
0 or 1 directmpo g‘@ﬁ‘@gsdt %@nﬂoiuﬁﬂééﬁth@m@mqel nked or CH2 |inked group

sel ected from phenyl, pyridyl, gyrimdyl, norpholino, piperazinyl,

pi peridinyl, cyclopentyl and cygl ohexyl all of which are further
substituted by 0, 1, 2 or 3 in nt Rb groups; Ris selected fromH,

hal o, nitro, cyano, C _4al k, NOC _#al k, OC _4hal oal k, NHC _4al k,

N(C 4dal k)G _4alk or C _4hal qal k; ||[R4 is, independently, in each instance,
halo, nitro, cyano, G _4al; i

wherein R’ is selected from H, halo, Ci_shaloalk, cyano, nitro, -C(=0)R?,
-C(=0)0OR?, -C(=0)NRR?, -C(=NR*NRR?, -OR", -OC(=0)R", -OC(=0)NR"R?,

10 -OC(=O)N(RHS(=0):R?, -OC,6alkNRR?, -OC,salkOR", -SR?, -S(=0)R”",
-S(=0);R?, -S(=0),NRR?, -S(=0),N(R*)C(=0)R", -S(=0),N(R*)C(=0)OR",
-S(=0),N(R")C(=O)NRR?, -NR"R?, -N(R")C(=0)R", -N(R")C(=0)0R",
-N(R)C(=0)NRR?, -N(R*)C(=NR*)NR'R?, -N(R")S(=0);R?,
-N(RH)S(=0),NRR?, -NR"C;6alkNR"R", -NR*C,_alkOR" and C;_salk, wherein the

15  Cygalk is substituted by 0, 1 2 or 3 substituents selected from halo, C, shaloalk,
cyano, nitro, -C(=0)R?, -C(=0)OR?, -C(=0)NRR?, -C(=NR*)NRR?, -OR",
-OC(=0)R?, -OC(=O)NR'R", -OC(=0)N(R"S(=0),R", -OC,_¢alkNRR",
-0C,alkOR?, -SR?, -S(=0)R?, -S(=0),R?, -S(=0),NRR?, -S(=0),N(R")C(=0)R?,
-S(=0),N(R")C(=0)OR?, -S(=0),N(R")C(=O)NR'R?, -NR"R?, -N(R*)C(=0)R",

20  -N(R"HC(=0)OR?, -N(R")C(=0O)NRR?, -N(R*)C(=NR*)NRR?, -N(R")S(=0);R?,
-N(R)S(=0),NRR?, -NR"C;salkNR"R" and -NR"C; 6alkOR", and the C;_alk is
additionally 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 sclected from
N, O and S, but containing no more than one O or S, wherein the available carbon

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



OC _4hal oal k, NHC _4al k, N(C _4al k)G _4al k, C _4hal oal k or an unsaturated
5-, 6- or 7-nenbered nonocyclic ring containing O, 1, 2, 3 or 4 atons

sel ect ed woamoNs1@and S, but containing no nore than oRETMSI10839942
substituted by 0, 1, 2 or 3 substituents selected from halo, G _4alk,

C _3hal oal k, -OC _4alk, -NH2, -NHC _4alk and -N(G 4al k)G 4alk; R5 is,

i ndependent ly, i ch lnstance, H, hal C _6alk, C 4haloalk, or G _6alk
substituted BA),%%%Pc@ substituents el ected from hal 0o, cyano, OH,

OCi _4al k, C _4alk, G _3haloal k, OC _4al k, NH2, NHC 4alk andN(G _

4al k) G _4al kringrs sbstiture byrbups ot dgebstisrentsondapandstigspleeted flenshdet i t ut ed by

G _shal oal k. "B} PR SRR G Mﬁﬁﬁ%yﬁ% Fpertigefnl &

G _6al k or Cthahadadlk; A- 1478 WO-PCT - 26 - R1 is sel ect ed from C(=OR a,

(=0) OR =0 NRa. =O NR aRa,
Oy N R &) S gn B e&@%ﬁ?ﬁ&ﬂéﬁ&%ﬂ“&&%&?&@@@ R b v B n- ©

-S(=0 2Rb, <BbslmeaNRaRAcompoliFOha2Ne RapéicO) R a, - S(=0 2N(Ra) C(=0 CR a,
-S(=0 2N(Ra) C(=O) NR aRa, -NRaRa, -N(Ra)C(=OR a, -N(Ra)C(=0 CR a,
-N(Ra) (=O) NR aRa, - N(Ra)C(=NRMJRRaRa, -N(Ra)S(=0 2Ra, -N(Ra)S(=0)
2NRaRa, -NRaC2 6al KNR aRa, - NRgC2_6ahOR a, - NRaC2 6al kOO2Ra, - NRaC2

6al kKS2Rb, -CH2C(=O)R a, - CHR a, -CH2C(=O) NR aRa, - CH2C(=NR a) NRaRa,
-CH2ORa, -CH2OC(=O R a, - CH2 NR aRa, -CH20C(=0)N(R a)S(=0) 2Ra,

- CH20C2 6al kNRaRa, - CH20C2 - CH2SRa, - CH2S(=O) Ra, - CH2S(=0) 2Rb,

- CH2S(=0) 2NRaRa, - CH2S(=GR2N( Ry C(=A)'R a, - CH2S(=0) 2N( Ra) C(=0) CR a,

- CH2S(=0) 2N( Ra) C(=O) NR aRa, - CH2NRa “OR a,

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, Cy_salk, Ci_shaloalk, cyano, nitro, OR®,
NRRY, -C(=0)R?, -C(=0)OR?, -C(=0)NR"R?, -C(=NR*)NRR?, -S(=0)R”",
-S(=0),R?, -S(=0),NR"R".

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

embodiments, the compound has the structure



-CH2N(Ra) C(=O) OR a, -CH2N(Ra) C(=O NR aRa, -CH2N(Ra) C(=NR a) NRaRa,
-CH2N(Ra) S(=O) 2Ra, -CH2N(Ra) S(=O 2NRaRa, - CH2NRaC2 6al kNRaRa,
- CH2ZNRaCwoOabhioDR1H) - CH2NRaC2 6al kCO2Ra, - CH2NRaC2- 6al k BCRRIS2010.CHBRL,
-C(=O R Cand -C(=ON(R a)Rc; Ra is independently, at each instance, H or
Rb; Rb is independently, at each instance, phenyl, benzyl or C _6alk, the
phenyl , benzyl i | K being substifuted by O 1, 2 or 3 substituents
sel ect ed fror‘f\'h‘g'%‘,"’%o?gia| k, G _3hal oal éJC]-I -G _4alk, -NH2, -NHG _4al k
and -N(C _4al k)G _4alk; and Rc is a saturated or partially-saturated 4-, 5-
or 6-nmenbered ring containing R® 2 orgd heteroatons selected fromN, O and
S, the ring being substituted by 0, 1, 2 or 3 substituents selected from
hal o, C _4al k, C _3hal oal k, FEE -NH2, -NHC 1-4alk and
-N(CG _4al k) G _4al k. Anot her aspec of\t he invention relates to conpounds
havi ng the structureA- 1478 CT 2}N- or any pharmaceutical |l y-acceptabl e
salt thereof, wherein: X1R?s CCR 10)Nor N; X2 is Cor N, X3 is Cor N, X4
is Cor N, X5 is Cor N wherein at least two of R&2, X3, X4 and X5 are C Y
is NNR8), Oor S, nis 0, 1, 2 df N ds€ ect - bonded,
G _4al k-1inked, OC _2al k-1inked, Gis 28l kO |} nked: rR?I i nked sat urat ed,
partially-saturated or unsaturated 5-1, o 7- Ly/e%:)ér ol

R X

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 containing 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, C,salk,
C.4haloalk, cyano, nitro, -C(=O)R", -C(=0)OR", -C(=0)NR'R?, -C(=NR*)NRR®,
-OR?, -OC(=0)R?, -OC(=0)NRR?, -OC(=0)N(R")S(=0),R", -OC; ¢alkNR*R?,
-0C,6alkOR?, -SR?, -S(=0)R?, -S(=0),R?, -S(=0),NRR?, -S(=0),N(R")C(=0)R?,
10  -S(=0):N(RHC(=0)0OR?, -S(=0);N(R")C(=0)NRR?, -NR*R?, -N(R")C(=0)R?,
-N(R")C(=0)0R?, -N(R")C(=0)NRR?, -N(R*)C(=NR*NRR?, -N(R")S(=0),R",
-N(RYS(=0),NR’R*, -NR*C,alkNR*R* and -NR*C,_salkOR*; or R” and R’
together form a -N=C- bridge wherein the carbon atom is substituted by H, halo,
Ci.alk, Cy_4haloalk, cyano, nitro, OR®, NR*R", -C(=0)R?, -C(=0)OR®,
15 -C(=0)NR'R?, -C(=NR")NRR?, -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.
In 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?, X°, X* and X’ are each C.
In another embodiment, in conjunction with any of the above or below
embodiments, X is N.
In another embodiment, in conjunction with any of the above or below

25  embodiments, X° is N.



nmonocyclic or 8-, 9-, 10- or 1l1-nenbered bicyclic ring containing 0, 1, 2,
3 or 4 atons selected fromN, Oand S, but containing no nore than one O or
S atom swbspiwtad by 0, 1, 2 or 3 substituents indepemrdemniskyr0849ert ed
fromhal o, G _6alk, G _4haloalk, cyano, nitro, -C(=OR a, -C(=0 R a,
-C(=O NR aRa, -C(=NR a)NRaRa, -ORa, -OC(=O R a, -OC(=O NR aRa, -0OC(=0O N(R
a) S(=0 2Ra, %‘g@ tgg aRa, -0C2 6al k , -SRa, -S(=O R a, -S(=0 2Ra,
-S(=0 2NRaR§ (RA)C(=O R a, =8 =0 2N(Ra)C(=O OR a, -S(=0
2N(Ra) C(=O NR aRa, -NRaRa, -N(Ra)C(=O R a, -N(Ra)C(=O OR a, -N(Ra)C(=0O NR
aRa, -N(Ra)C(=NR ér) AR R emmgmgrg(lﬂ@mm@nonwlmr)mﬁt@; alXNRARRSI0WNRa C2
6al kNRaRa an 63J4 a, wherein the avail abl e carbon atons of the
ring are addlg{nb’aﬁ%%%ts géuiégs)ﬁl tuted by 0, 1 or 2 oxo or thioxo groups; R2 is,
i ndependent | y in émalhnthﬂsatnﬁmdﬁnemeheomadcﬁmmnman}h@ﬂ the alkdve@albklow
C _4hal oal k, cyano, n terog NRaRa, -C(=O R a, -C(=OOR a, -C(=ONR
aRa, A- 1478 ?ﬂ“ by ](\,I( NR a)NRaRa, -S(=O R a, -S(=0 2Ra, -S(=0

2NRaRa, -$(=0) 2N{Ra@ytkdre@Iddanent Shz6hjudtdR WHCLFED R aboveDhr Beow
2N(Ra) C(=O NR aRa; R |s sel egted fromH, halo, nitro, cyano, G _4alk,

O _4al k, OCEMPRAINSALY Y N%Rhaw N(CGi 4alk)C 4alk or G _4haloalk; R4 is,

' ndependent ly, | nIﬁQ{%hérrb%{%ﬁﬁﬁent hﬁlcgnjuﬁéﬁd’n%nl%ﬁ?}n&f thShbAR! I befdW _ 4al k,
OCi _4hal oal k, NHCG _4al k, N(G al k or an unsaturated

5-, 6- or 7- @mbbémmt&r@n@taydirm honm;i Emnﬁlbnlmqu@ Q.Clzilk Inkeg, @1rzakaact ons
sel ect ed fro n S,
substituted ngéﬂgkor % su&&‘ﬁ%@’ﬁ%@“@%ﬂ%?ﬁ%&?@ﬁﬁﬁ% (Br G _4al k,

C _3hal oabd k 7- rﬁﬁlbe‘lradl knonedyrdPic or RIHGOH,_Mabk | 1 REnitered ickpie migrohtaining0,.each

i nst ance, 6a| 4hal.oal k,, .or C 6al.k substituted 1, 2 or
3 substi tuenlls éeq)“g"t‘ %18?‘?1%13981, c@é‘ﬁg ,S’ Comammg 1o more tthan one Byor

S atom, substituted by 0, 1, 2 or 3 substituents 1ndependently selected from halo,
Calk, Cy_4haloalk, cyano, nitro, -C(=0)R?, -C(=0)OR?, -C(=0)NRR",
-C(=ENR*)NRR?, -OR?, -OC(=0)R?, -OC(=O)NR"R", -OC(=0)N(R")S(=0),R",

15 -0C,4alkNRR?, -OC,6alkOR?, -SR?, -S(=0)R", -S(=0),R", -S(=0),NRR?,
-S(=0),N(R")C(=0)R?, -S(=0),N(R*)C(=0)0R?, -S(=0),N(R*)C(=0O)NR"R?,
-NR*R?, -N(R*)C(=0)R?, -N(R")C(=0)OR", -N(R*)C(=O)NRR?,
-N(RHC(E=ENRHNRRY, -N(RYS(=0),R?, -N(R)S(=0),NRR?, -NR*C,6alkNR"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;

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 bicyclic 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 0, 1 or 2 oxo or thioxo groups, wherein the
ring is additionally substituted by 0 or 1 R* substituents, and the ring is
additionally substituted by 0, 1, 2 or 3 substituents independently selected from
halo, nitro, cyano, C;_salk, OC,_4alk, OC,_shaloalk, NHC, salk, N(C, 4alk)C;_4alk

30 and C;_shaloalk.

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

embodiments, R' is a direct bonded unsaturated 6-membered monocyclic ring



OC 4alk, G _4alk, d _3haloalk, OC 4alk, NH2, NHC _4al k,

N(C _A4al k) C _4alk; or both R5 groups toget her forma C3_6spiroal k

subst i tutwdzbw/ﬂ;lml, 2 or 3 substituents sel ected from lralraiS2aipase42 OH,

OC 4alk, C _4alk, C _3haloalk, OC 4alk, NH2, NHC _4al k,

N(C _4alk)C _4alk; R6 is H halo, NHR 9 or OH, R7 is selected fromH, halo,

C _4hal oal k, =O R -C(=OOR a, -C(=ONR aRa, -C(=NR
a) NRagaoa- C¥‘?'&Y"£g§’§[fo & )O)Ng aRg‘{' )OC( Eci>)N(g(a) )S( o)a gRa C(ocz
6al kNR aRa, -0OC2 6al kOR a, -SRa -S(=O R a, -S(=0 2Ra, -S(=0 2NRaRa,
-S(=0 2N(R sycpm@er.d, orlslﬂ ﬂtgmsz Rt ezd(b-sd? Ar2a®r 3-s5bs£m)enzs\1@ldzemp@tmm) NR aRa,

) R, - N Sy aple MR 8 B G R G RO bl ™) N

6al KOR a andNIC,. Eﬁélk)lcma/lhcandathaﬂxmllO 6alk is substl tuted by O, 12 or 3

substituents seleted @] 4ha|oa|k ano, nitro, -G=OR a,

i Re= AR be?um‘c%td ReaRac S YA & o BEROL R ara.
- OC(=0) N(R a)eﬁﬂao@)neaaak 16 ,,bommmﬁai &@Babstruﬁ?@by 05(,2QR a,
-S(=0 2Ra, -S(=0 2NRaRa -S O O)Ra -S =0 2N(R a)C( =0 OR a,
S(=0) 2N( RapestEyRiz lafii@end%ﬂms ect@iil & rakk xR

- N( Ra O N R?- i R S =0
N, - NG R e NS ORIRQN%I???%:@“%F@ o

addi tional |y @Gbs@)NthRe,dQﬁ( @)NGR 1S(s§)t)1R< atQeeh, 2 kAR RAI- -DfoselkORAt- §B ,or

unsaturated 5 a7 fagOr 7-nenbered nonocyclic rings
contai ning O, S(g?)-)% g( rsrggogéwect ed fromN, Oand S, but containing

no nore than one Gh @motﬁ};r ewttmdenesnt,tlheomaact[cmbkzmh ey dithe aborwrbdtlotbhe ring are
SubStl Lt 20 D ik SR B TS BT AL bR 18 | o o,
independently selected from halo, Cy_salk, Cy_shaloalk, cyano, nitro, -C(=0)R®,
-C(=0)0OR?, -C(=0)NRR?, -C(=NR*NRR?, -OR", -OC(=0)R", -OC(=0)NR"R?,
-OC(=0)N(R"S(=0),R?, -OC, calkNR*R?, -OC,_alkOR", -SR", -S(=O)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 embodiment, 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
25  embodiments, R" is selected from -C(=0)R?, -C(=0)OR?, -C(=0)NR’R?,
-C(=ENR*)NRR?, -OR?, -OC(=0)R?, -OC(=O)NR"R", -OC(=0)N(R")S(=0),R",
-0C,6alkNR'R?, -OC,.6alkOR?, -SR*, -S(=0)R?, -S(=0),R", -S(=0),NR"R",
-S(=0),N(R")C(=0)R?, -S(=0),N(R*)C(=0)0R?, -S(=0),N(R*)C(=0O)NR"R?,
-NR*R?, -N(R*)C(=0)R?, -N(R")C(=0)OR", -N(R*)C(=O)NRR?,
30 -N(RH)C(ENRYH)NR'RY, -N(RHS(=0),R?, -N(R")S(=0),NR*R?, -NR*C,_salkNRR?,
“NR*C,.6alkOR?, -NR*C,_alkCO,R?, -NR*C,.6alkSO,R", -CH,C(=O)R",
-CH,C(=0)OR?, -CH,C(=O)NR"R?, -CH,C(=NR*NR'R", -CH,0R",



nitro, cyano, C _4alk, OC _4al k, OC _4hal oal k, NHC _4al k, N(GC _4al k) G _4al k
and G _4haloalk; or R7 and R8 together forma -C=N bri dge wherein the

car bon atwo2hBysuist i t ut ed by H, hal o, cyano, or a satuPara$2010/039942
partially-saturated or unsaturated 5-, 6- or 7-nmenbered nonocyclic ring
containing 0, 1, 2, 3 or 4 atons selected fromN, O and S, but containing

no nore than on wherein the avajl able carbon atons of the ring are
substituted &/1%78%}383 ox0 or thi oxo'§bups wherein the ring is
substituted b o, 1, 2, or 4 substituents selected from hal o, G _6alk,

G _4hal oal k, -€}z06(= QﬁRu&HzOQ( OMRR’, -GG ERNRIFEEMAR aRa, - C(=NR

oo oal KR ROt ER POROR R SO CPRoRE S onrara,
El(?a % 2N( Ra)Cl‘Iﬂ@:R)ﬁ\JRRS(-fBzS%NQ)gIWO@@XDR aCPbS(iD)N@SD(F(&DGOR@_ N R;;\IE( aﬁg

a) NRaRa, - N( R@%ﬁ(@%& ﬁ?‘%ﬂg‘@( 185 @Nﬁaﬂ@ﬁ %\&2&%'\@& KNR aRa and - NRaC2
6al kOR a;sor 8[7[2]&(1(}) O)Qgét mHZNf(m')@(qao)Nﬂéﬁ JoH, digr* )WH)NR?IHEG carbon atom
is substituted 85 oal k, cyan ni.tyo, ORa, NRaRa,

“Q(=OR a, - CEYERIY= 0)113( @H&N(&éﬁ( )@N%aﬁi ENRd} Ra, -S(=O0 2Ra,

S(=0) 2NRaRacHRRIES i oR:, QAT Qidbatortion ms rihahig,Re0 _3al k,
C _3hal oal k or :(ﬁlano is selected from ha G 4ha| oal k,

cyano, nitro;C¢ )Bb)lﬂieC(@fN(ﬂ@))@Ra “C(=O NR aRa, - NR a)NRaRa O‘«’a

ol kR o, sk, _ 5 0 eramiedthe) i Rhgr s %@% Behay o <o v

a, -S(=00 2NecRapaHFB)OR ' ais selBieOfroRNRaDIR: A (NR)ORE, -C(NBARR R N( Ra) O(=0) R
2, NCR) =GR iR RO R Ao DG B RN ) S(=0
-N(R)C(=NR*)NRR® and -N(R*)S(=0),R".
Another aspect of the invention relates to a method of treating PI3K-
mediated conditions or disorders.

15 In 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 sclected from
cardiovascular diseases, atherosclerosis, hypertension, deep venous thrombosis,

20  stroke, myocardial infarction, unstable angina, thromboembolism, pulmonary
embolism, thrombolytic diseases, 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, hepatocellular cancer, lung cancer,

25  melanoma, renal cell carcinoma, thyroid carcinoma, cell lymphoma,
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 II 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 a human.



-N(Ra) S(=O 2NRaRa, -NRaC2 6al kNR aRa and -NRaC2_6al kOR a; Ra is

i ndependently, at each instance, H or Rb; andA-1478 WO-PCT - 30 - Ris

i ndependewol2910/18174@ach i nst ance, phenyl, benzyl or C _6a&Cijusthwe/opivenyl ,
benzyl and C _6al k being substituted by 0, 1, 2 or 3 substituents sel ected
fromhalo, G 4alk, C 3haloalk, -OC 4alk, -NH2, -NHC 4al k and

-N( G _4al k) anot her enbodi mept, in conjunction with any of the
above or bel éﬁ/l‘éﬁo@(ﬂ L)rgr:fts t he conpound’ has the structure wherein R7 is

selected fromH, halo, G 4ha| oal k, cyano, nitro, -C(=OR a, Cé =0 OR a,
“C(=O) NR aRa, - O AuRthey NREReof thomyentiqagta@sro the tré@@(l&t@)blﬁlﬂl@&ﬂato OC(=0) N(R
a) S(=0 2Ra

-3(=0) ZthSH%%% g%}hgﬁ?% &%@ﬁ%&q@%ﬁbpﬁﬁﬁ%qg)%namg S(O) O)ZRa

2N( Ra) C( =O) NihfaiRamatotyRiiRayscs-dW(aRejGam)} Risagses M@)ﬁgﬁﬁ@p&f N(Ra) (=0 NR

Ra, -N(Ra =NR.a) NRaRa S(=0) 2Ra, = - NRaC2
gal kNRa(Ra, ) - &%r &%ggrgpoé‘(x}g%)&ofrglg)g@ a%%f'tg%ﬁ % "@Odgﬁga i's substituted

by 0, 1 2s50r 3 subsiottcu@sHcst sfahemivestidn @mdiab ehe tRatrdbalodaidumatsi@no, nitro,

-C(=OR a, -C(=0 =O NR . aRa, -C(=NR a)NRaRa, -ORa, -OC(=OR a,

- 0C(=0) NR aRaﬂhHGC@nbjlﬂmg snondldys, optgoart . ISATRIGRRIHILS. K3opaga] kCRa, - SRa,
-S(=O R a, - J{fHm Bﬂﬁ dlseﬁge's@nd?a%%une %Egg)es %Mﬁﬁﬂl%?%&w@l dlSO%GTQ)
2N(Ra) C((=O) OR a, - S(=0
- N( Ra) C( =0 omfhammmmae)y@(dmym aﬁ&ammm(oaa mmhledalmmlsondu(sgesl;@( =0 2Ra,

|- sN( Eggjls'g | %al‘%{}ﬁﬁaﬂbst i %ﬁ@L%WO gtt Ut g& ot pg&? CyO%QIg 0}}?:»[ (ca:é g?| ‘
unsat ur ated 5u1;01rﬁl=nu0t1§ dmemmWadlcmmmemamsmgSLEp ntyastoniagrdiis,1, 2, 3 or
4 atons sel e(lzrltleeucrinat‘.mg raprthritis, acute disseminated encephalomyelitis, idiopathic
thrombocytopenic purpura, multiples sclerosis, Sjoegren’s syndrome and
autoimmune hemolytic anemia, allergic conditions and hypersensitivity,
comprising the step of administering a compound according to any of the above or
15  below embodiments.

Another aspect of the invention relates to the treatment of cancers that are
mediated, dependent on or associated with p1109 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 treatment of cancers are

20  sclected from acute myeloid leukaemia, myelo-dysplastic syndrome, myelo-
proliferative diseases, chronic myeloid leukaemia, T-cell acute lymphoblastic
leukaemia, 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 embodiments 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



N, Oand S, but containing no nore than one O or S, wherein the avail able
carbon atons of the ring are substituted by 0, 1 or 2 oxo or thioxo groups,
wherei n tWOROMWMAB74ND PCT - 3 1 - ring is substituted byPOT/US2018/089948
substituents independently selected fromhalo, nitro, cyano, Cl-4alk,

OCl- 4al k, OC1-4hal oal k, NHC1-4al k, N(C 4alk)C 4alk and G _4haloalk. In

anot her enbodi o1 onjunction with_any of the above or bel ow

enbodi nment s, %Q&W%EG% has t he strut:%ﬁ?e I n anot her enbodi nent, in
conjunction wth any of the above or bel ow enbodi nents, the conpound has

t he struct ur &coieneoirhrumaid arthsbiseanketbsingsprmlylitial estcogithstay, psor@tic4hal oal k,

cyano, nitro, ol = o= = C =0) , - C(=NRa) NRaRa,
-S(=O Ra, - S@g%w@ﬁm dﬂsﬁ%aeﬁ’%n@?ltoelﬁ%ﬁ?ggﬁgi n conj unction
wi th any of the albeeompolelsaitiesrhoditmennsgy hivean gompausederhbsyinetric
structureA-1478 WO-PCT - 32 - wherein 3 is.H hala, cyano, or a.
Saturated pAPTPEANY S pieadetircdinn fotm et gt fkS Wis Bplin
nmonocycl i g riidigtaasd & dhico@phs rdcemde miIxtQfesdpaatislnBras@hRGhiRthréy i N, O and S,
but containing no nore than one O or S, wherein the avail abl e carbon atons

of the ring AFR¥rYEERINtOMCERNGJigsieramgis. 2 oxo or thi oxo groups, wherein the

ring is substitut gy ofhervtisc Specitid! thd ﬁl%hkh’éﬁﬂiﬁ%nﬁddg%ﬁ I Rihial o,
G _6al k, G _4haloal k, cyano, nitro, -C(=QR a, -C(=0 a, -C(=O NR aRa,

- C(=NR a) NRaRathe-sgraficatiogeadrRins: - OC(=0) NR aRa, - OC(=O)N(R a) S(=0) 2Ra,
- 0C2_6al kNR , ~0OC2 6al k -SRa, -S(=Q R.a. -S(=0), 2Ra,. - S(=0Q) 2NRaRa,
S0 2N Re) Bt RN st B Ty T SEAT R L) R e,
-NRaRa, 1M Ra)Gor @ohstin a-UNfRAE(TEN @RoAlincaMNtdRaioab i PolNE R Ranbin M dreofC( =NR

a) NRaRa, -N(Ra)S(=0 2Ra,
the three, wherein o and B represent integers. The alk groups described in this

section may also contain one or two double or triple bonds. Examples of C;salk

include, but are not limited to the following:

S f\)L A va'

15  "Benzo group", alone or in combination, means the divalent radical C4H4=, 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 “ox0” 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
least one--of the hydrogen atoms attached to the alk chain are replaced by F, 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;:



-N(Ra) S(=O 2NRaRa, -NRaC2 6al kNR aRa and - NRaC2 6al kOR a; or R7 and RO
together forma -N=C bridge wherein the carbon atomis substituted by H,
hal o, C _weal2k10/1681744hal oal k, cyano, nitro, ORa, NRaRa, - E€(CEOSRN1/0399¢ =0 OR
a, -C(=ONR aRa, -C(=NR a)NRaRa, -S(=OR a, -S(=0 2Ra, -S(=0 2NRaRa. In
anot her enbodi ment, in conjunction with any of the above or bel ow

enbodi nent s anot her enbodi pent, in conjunction with any of the
above or beléhigh%%g?ﬁgﬁf X1 is C(R19)". In another enbodinent, in
conjunction with any of the above or bel ow enbodi nents, X2, X3, X4 and X5
are each C. In a [;Sbﬂi ge $g£f§ﬂ§izjtl¢n h? Ohe above or
bel ow enbodi nent N E;y od ngggf’ c n[Eggflon w th any

of the above or bel ow errbodl ments, X3 is | n anot her
embodi nent, in c ncti an odi nrents, X4
is N In anot her [enmbodi{nmen |n coﬁg ct Ngn)m Mg y of>t e gbove or beI ow
enbodi nents, X5 isN I anot onj unction th any of the
above or beI ow e i nen Y i R ot her in
conjunction wthjany )of h bove or| bel errb di e Rl i a

di rect - bonded, G k-11 d, -1 d a (03 |nked or

O linked saturated, partl al | y-saturated or unsatur ted 5-, 6- or 7-nenbered

nonocyclic or 8-, @ 1 or 1 nerﬂ)eredobl cych j I\clont a| ning O,
/

o D E/ Ly Ly [j [
O N No NG NG N O\\ /,O
| P l\k(\/N . | [NJ E/?\l | A ©E>

Z
Z

NN NN N N N ~—N
O D (I |
. N~ # e #
N
N,N\N ~ N NN |N\N NN
| L) L) (0
K)/\jN/ A N 20 A g

5 and LIER

“Co-pspiroalk” means a geminally-attached alkyl ring comprising a minimum of o

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

Ci and R

such as:



1, 2, 3 or 4 atons selected fromN, O and S, but containing no nore than
one Oor S atom substituted by 0, 1, 2 or 3 substituents independently

sel ect ed woemoshp C_6al k, C _4hal oal k, cyano, nitro, PCCUs®) 1039942 C( =0 OR
a, -C(=ONR aRa, -C(=NRa)NRaRa, -ORa, -OC(=O R a, -OC(=O NR aRa, -0OC(=O N(R
a)S(=0 2Ra, -0C2 6al kNRaRa, -0C2 6al kORa, -SRa, -S(=OR a, -S(=0) 2Ra,

- S(=0) 2NRaRa, %\&ingél%a) C(=O R a, -S(=z0 2N(Ra)C(=0 OR a,

- S(=0) 2N(Ra) & % NRaRa, -N(Ra)&{=OR a, -N(Ra)C(=0) CR a,

- N(Ra) C(=O) NR aRa, -N(Ra) C(=NR a)NRaRa, -N(Ra)S(=0 2Ra, -N(Ra)S(=0)
2NRaRa, - NRaCaAv @éahkmgeraﬁammdzos@@utk@aa atopprethad ate pie ofy Beterisyele car bon

atons of the I I b or thioxo
aroups: 10 ainy Asi0nEd 3R MADR BokaSe e KR e b Sherf e o

bel ow enbodi raezntable fiel substiautidn bgcfior bmmtﬁd,,HoaCbbn | i nked or oxygen-Iinked
sat ur at ed, Pap urated. or uynsat ur at

monocyclic or %amla élutlci 'a%crep‘fﬁf%r?éﬁb@%?f %%ait;}’é?ﬁaée‘ﬁ?yn“go“?fS‘?ﬂ%nﬁlinﬁ?leo 1, 2,
3 or 4 atons ap¢hrei@bkiowamyNhob iitkdSn tixirt.CORE ghaimgoligidiiye than one O or
S, wherein the avallable carbon atons of the ring are substituted by 0, 1

or 2 oxo or efiPRblgRENpaclugnbrts sl 9 Morgrgiq @daaaintl? aeias 1gcledipg byt ut ed by
0 or 1 R2 subgiiihHeMoshydd@didriectd, Bgdﬂoﬁrcﬁ‘ﬂg 'att:l'doﬁﬁ‘ﬁﬁr% gD dshbRdacdiy, 0. 1, 2

or 3 substituents |ndependently sél ected from hal nitro, cyano, C _4alk,
OCi _4al k, OCimedlieaksdforic aCicthaasalfonc@reidg alaky @mdAaaolekc agid, @ahqh@udoal k. I'n

anot her emo?ﬁ%ﬁl@ CldI gl,tr?coyél&l,qgétf& gldwhl r?cn% (Pf u%chlﬁc %8"1% lc e!%? ow

enbodi nent s bon ansat Ur at eTe nmonocyclic
ri ngA- 1478 \WexlRGTic ac1ﬂ4benzommbﬂil pheng'ldbﬁtlda@dl rﬁaﬂ‘dehd: a8 and thedikict Wiesh by 0, 1,

é OL al?)k,s ulgxs:;[ ICtal%ggltlndw? g@?hl 1&2 I1 | a%fla&fcﬂ Iﬁlrn%{non suc% as relllc%{b%xy g}/o%rllo?
then suitable pharmaceutically acceptable cation pairs for the carboxy group are
well known to those skilled in the art and include alkaline, alkaline earth,
ammonium, 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” generally refers to groups readily displaceable by a nucleophile,
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, halides, triflates, tosylates and
the like. Preferred leaving groups are indicated herein where appropriate.

25  "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

30  limited to, aralk, substituted aralk, cycloalkenylalk and substituted cycloalkenyl alk,
allyl, substituted allyl, acyl, alkoxycarbonyl, aralkoxycarbonyl, silyl and the like.
Examples of aralk include, but are not limited to, benzyl, ortho-methylbenzyl, trityl



N(C _4al k)G _4alk and C _4hal oal k. I n anot her enbodi ment, in conjunction
with any of the above or bel ow enbodi nents, Rl is phenyl or pyridyl, both
of whi ch wpeosuisst4nt uted by 0, 1, 2 or 3 substituents i RdEpsSaEensI9y2
sel ected fronlhalo C _6al k, G _4hal oal k, cyano, nitro, -C(=OR a, -C(=0 OR
a, -C(=ONR aRa, - NRa)NRaRa - ORa, OC(O)Ra -OC(=O NR aRa,

-OC(=O N(R a)S OC2 6al kNR aRa, -0C2 6al kOR a, -SRa, -S(=OR a,
-S(=0 2Ra and 4@%“%£%§N I'n anot het? embodi ment, in conjunction with
any of the above or beIOM/enbodlnents Rl is phenyl or substituted by 0, 1,

2 or 3 subst |and|bm2§ydrryheqdedd@mbqop§@n@lbt@d?stﬂtnmdn\’hﬁi lloggin, gk dkoxy, 4hal oal k,
cyano, nitro, O CRa,
Ly & T Aot E DR R RN Gfen G MR - 2,
6al kOR a, - SRaymonf(m&)IR. é;xaﬂﬂes@)f aRRgrampd incﬁ(d%@heﬁﬂmmthyﬂ nndangyt,her

enmbodi nent, 1n,conjuyn any. o th abov nbdlrre R1
PRI ot LA TR M IIRECD W el el okl ot o
bel ow enmbodi BEB}EealkEhylSk bk sdb@ntmqtdyelba&mqgllkm&als ipiefe@B]yUEEIGOID W t h any
of the above or bel ow enbodi nents, IS n anot her enbodi nent, in

conj unct i on RPRN FiMsefnctuds @B@rﬁenqsrhns@ﬁdw %ﬁ*@é%’?%h%thyh@q efke. | n

anot her enbo t QOr bel ow
anbodi ment s. @g[l’f?[?lg a?lelnaéfé?@c%%ﬁﬁzl%&‘%&ﬂl%b@@é{rb% lg?&%%%)é{@d O NR aRa,

-C(=NR a) NRaRanzyl@maarbond =)t ysarboagy, ﬂ@)wmmarbonﬂcbe@pm Ritg)igted0) 2Ra,

benzoyl, butyryl, acetyl, trifluoroacetyl, trichloro acetyl, phthaloyl 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, phthalimidyl, succinimidyl, maleimidyl 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 are 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 are silicon atoms optionally substituted by one or more
alk, aryl and aralk groups. Suitable silyl protecting groups include, but are not

25  limited to, trimethylsilyl, triethylsilyl, triisopropylsilyl, tert-butyldimethylsilyl,
dimethylphenylsilyl, 1,2-bis(dimethylsilyl)benzene, 1,2-bis(dimethylsilyl)ethane
and diphenylmethylsilyl. Silylation of an amino groups provide mono- or di-
silylamino groups. Silylation of aminoalcohol compounds can lead to a N,N,O-
trisilyl derivative. Removal of the silyl function from a silyl ether function is

30  readily accomplished by treatment with, for example, a metal hydroxide or
ammonium fluoride reagent, either as a discrete reaction step or in situ during a

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



- OC2_6al kNRaRa, -0OC2_6al kOrRa, -SRa, -S(=O R a, -S(=0 2Rb, -S(=0 2NRaRa,
-S(=0 2N(Ra)C(=O R a, -S(=0 2N(Ra)C(=O OR a, -S(=0 2N(Ra)C(=O NR aRa,
-NRaRa, -WORa)GGE@HR a, -N(Ra) C(=O) OR a, -N(Ra)C(=0) NR &RajUS20N0RB399C =NR
a) NRaRa, -N(Ra)S(=0) 2Ra, -N(Ra)S(=0 2NRaRa, -NRaC2 6al kNR aRa, -NRaC2
6al KOR a, -NRaC2_6al kCO2Ra, -NRaC2 6al kSQ2Rb, -CH2C(=O R a, -CH2C(=O OR a,
-CH2C(=O) NR %R? %2% NR a) NRaRa, -CH2ORa, A-1478 WO-PCT - 35 -

- CH20C( =0) Ra; ot NRaRa - CH20C(Z0) N( Ra) S(=0) 2Ra, - CH20C2 6al kNRaRa,
-CH20C2 6al kORa, -CH2SRa, -CH2S(=0 Ra, -CH2S(=0) 2Rb, -CH2S(=0) 2NRaRa,

- CH2S(=0) 2N( mpa@ﬁkalﬂwhlor@az@(@tﬁmlm)mw@ dreride, chprsidimeghvisita) O =O) NRaRa,
-GN Ray O K] KRt e il g T i A S S naco
?a| l; ggaRaq ﬁoihiﬂihlﬁﬁi%r Wﬁé%thodﬂﬂ.ﬁl‘dﬂ&ﬁgzg af kt@fﬁERaIéd Pe@l@hRﬁGﬂyggL Kk ﬁnOgﬁbo ]
vmc'lt-lh any of Oéecé%\%% %)ee\g’gﬁ%é%%h% %hﬁ m’{'}ig ﬁr@gﬁlg& fom - J C(=0) Ra,

-C(=0) ORas - Gfepa)aNpa Ba thesdhmNRBa:NRaRas frob Ba)eShcHAReammblaBay,Ghrikd ORa,
-N(Ra) C(=0O) NRaRa, .- N(Ra) C(=NRa) NRaRa and - N( Ra) S(=0) 2Ra. Anot her aspect of

the i nvent i oACHEIMIARSOrERTEO Aif RYErsare drawell goEBindasatkdirdiais 4t 8hs or
di sorders. |p.caiddemhigRbady gtaﬁuna D8d/BI3G IBPLatieH ARRIEI8N or di sorder

is selected fromrheumatoid arthritis, ankylosing spondylitis,
osteoarthritickgmisepri atic arthritis, psoriasis, inflammtory d| seases, and

aut oi mmune d'P? i cgr{)&bs%&@?emo%g%ﬂ&&%gﬁcﬁtloﬁmhllgh%&}(ﬂ nBBgHRL f condition or

di sorder is se
10 rernalnmg portion of the molecule. These methods are well known in the art and

include acid hydrolysis, 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 like or mixtures thereof. A t-

15  butoxycarbonyl protecting group can be removed utilizing an inorganic or organic
acid, such as HCI or trifluoroacetic acid, in a suitable solvent system, such as
dioxane or methylene chloride. The resulting amino salt can readily be
neutralized to yield the free amine. Carboxy protecting group, such as methyl,
ethyl, benzyl, 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'= O, S, NR), and the like,

25  which are illustrated in the following examples:



cardi ovascul ar di seases, atherosclerosis, hypertension, deep venous

t hronbosi s, stroke, nyocardial infarction, unstable angina,

t hr onboemol2zoems1Taal nonary enbol i sm thronbol ytic di sea®es/Usacaoazt eri al

i schem a, peripheral thronbotic occlusions, and coronary artery disease. In
still other enbodi nents, the PI3Knedi ated condition or disorder is selected
from cancer a r, glioblastom,_ endonetrial carcinona
hepatocelIulé}?%ﬁﬂgg?gg%ung cancer, nelanonma, renal cell carcinoma, thyroid
carcinoma, cell hona | ynpho roliferative di sorders, small cell lung
cancer, squanDus c | ung caﬂﬂ*ﬁon&, gliom, br »cancer, prostate
cancer, ovarian cafjcer, :dEFV;/E% cancer, and |l eukema. In yet another

enbodi nent, the @3 @pdlaR gp@ltlon or disordgr is selected fromtype
|1 diabetes. In still other enmbodi ments, theRIFN3KmeliRat ed condition or

di sorder is selec@ed fromrespi pfory dlseaseag broRghitis, asthma, and
chroni c obstructiye puInDnary i Sease. ine dinHrat s, the subj ect
is a human. A- 147 !ﬁ 36_~Anot her as ect QL.Lhe vention relates to
t he treat nment o rh tls an 0si Ng~s (L

osteoarthritis, iatic art B%ﬁ*lasﬁ§4Rlan§$nathU di seases or
aut oi mmune dlseases conpri si ng the ste of adnlnlsterlng a conpound
according to any of the ahbOve enbodi ne t. Anot her Yaspect of the invention

relates to the treatnen r heumat arthritis kyl osi ng spondylitis,
osteoarthritis, psoriatjc aythgeis| psyti=ess, || nflyYanmatory di seases and
aut oi nmune di seases, in tory b di sor der I nfl ammatory eye

di sorders, inflammtory or unstabl e bl adder dlsorders skin conplaints with
i nfl ammat ory conpors®ts,ochronic inflgnmatgyy conditiong) aut@immune

di seases, systenif/[ﬂffjﬂijthengtosi (SLH), nyeg;enijjgileﬁ;
RN R R R R Z g

and though one form is named, described, displayed and/or claimed herein, all the
tautomeric forms are intended to be inherently 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 hydrolysis, metabolism
and the like, into a compound of this invention following administration of the
prodrug to a patient. The suitability and techniques involved in making and using

10  prodrugs are well known by those skilled in the art. For a 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), cycloalk (for example, cyclohexyl), aralk (for example, benzyl, p-

15  methoxybenzyl), and alkcarbonyloxyalk (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
group, such as imidazole, imide, indole and the like, have been masked with N-

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



rheumatoid arthritis, acute di ssem nated encephal onyelitis, idiopathic

t hr onbocyt openi ¢ purpura, nultiples sclerosis, Sjoegren's syndrone and

aut oi nmureohlzermlsyt4bc anem a, allergic conditions and hypeTAS2GI00B99UL Y,
conprising the step of adm nistering a conpound according to any of the
above or bel ow enbodi nents. Anot her aspect of the invention relates to the
treat nent of c?nﬁze EEt are nedi at ed, dependent on or associated with p i
| Od activityA,' %dgr% g the step of adhinistering a conpound according to

any of the above or bel ow enbodi nents. Another aspect of the invention
rel ates to t hetlerdat/fbndisdescs Mrnarch-tase hgdrbramiedcrdwadmeuitecinyel oi d

| eukaem a, - @ i ¢ syndronme, nyelo proliferative di seases, chronic
nyel oid | eu%gé@lgga?%ﬁ%gﬁ%é' acute |l ynphobl astic | eukaemi a, B-cell acute

| ynphobl asti ¢ | eul&espaificatinn hod glainnscdnyaip hstire, ofBpediés dsynpgptho hengusgsl 1 d
tunors and breast ncer, conpsisjng the step of.adm pisterin cpnmpound
accor di ng to SISt ToHe - abiive - ofibal ow BribodbHBHIES RiFSEAdP Ao BBetRof ¢ he
i nventi onsr elgadups). t WiknPRig 1RGSL ik 6sdd i6 ORP applidation, GAMRE bhikRgs@steeaouUnd

according to any of the above enbodi nents and a_ pharnmaceutical |l y-acceptabl e
di l uent or cayPpy o mebidrdhic geprat 2 yholener anysiials Bismbersdhesot of e use of a

conpound accyglifghsttRerd® Tfe UsBSF AROMBL BEDATHBRN fr BorfhaNBRLGRIBRMd Anot her

aspect of the invention relates to the use of a conpound according to any
of the above iertigeianemtayyivaytthdinrhthafersewl of widivadupd dicownismr silgrowmseA- 1478
WO PCT - 37 - tLreayment of rheumatoid arthritis, ankylosing spondylitis,
osteoarthritis, psoriatic arthritis, psoriasis, inflammtory di seases, and
aut oi nmub@ di seaséd¥e pidsentdovngpaun dio aficlidus $sotapieatiytlabel ikkd yolmpuwendsn gener al
several asy mgv%tlghl acre identical to those recited herein, but for the fact that one or more atoms
are replaced by an atom having an atomic mass or mass number different from the
atomic mass or mass number usually found in nature. Examples of isotopes that
can be incorporated into compounds of the invention include isotopes of
15  hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine and chlorine, such as
2H, *H, ¥c, Mc, BN, 90, 70, 'p, 2p, 33, 1°F, and *Cl.

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 invention, for

20  example those into which radioactive isotopes such as *H and '*C are
incorporated, are useful in drug and/or substrate tissue distribution assays.
Tritiated, i.c., °H, and carbon-14, i.c., "*C, isotopes are particularly preferred for
their ease 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 example increased in vivo half-life or reduced
dosage requirements and, hence, may be preferred in some circumstances.
Isotopically labelled compounds of this invention can generally be prepared by
substituting a readily available isotopically labelled reagent for a non-isotopically

labelled reagent.
30



centers and are typically depicted in the formof racemc m xtures. This
invention is intended to enconpass racem c mxtures, partially racemc

m xt ur es WoQoBEPBaT4at € enanti oners and di asteroners. Unl @€3/Uskie/094982
specified, the following definitions apply to ternms found in the
specification and clains: "Ca-bal k" neans an al k group conprising a mninmum
of a and a X f?r,{gcar bon atons in branched, cyclical or |inear

rel ati onshi gabﬂWB i nation of the'fl‘ﬂf ee, wherein a and b represent
integers. The alk groups described in this section may al so contain one or
two doubl e oExperipleatddonds. Exanpl es of C _6al k i nclude, but are not

limted to the fo s Qﬁ% " lone or in conbination, neans the
di val ent radi cal &%%ﬁ% repgr}lggéelﬁ'tﬁg P%eﬁ' of which is -CH=CH CH=CH-, that

when vi ci nal lay. -att ached to agwioner ring fornms a benzene-like ring-for

TR oxo" 1 eptNBR the. of oupe ¢RI RAPHERY]f "hRANI (o i

t hi ocar bonyl konddespect i vel y conddatrefedor "hal ogen” nmeans a hal ogen at ons

selected fromF, d, Br and | .. "Cv-whal oal k" neans an al k group, as
descri bed ab&feM -wherein anflFHHPBEthERS | east one-of the hydrogen atons
attached to fgral k chai n aneNLERLAGHIRYmfge O, Br or | . "Heterocycle”

means a ring conprising at | east oné carbon atomand at |east one other
atom sel ect eEtf3d om N, O and d8thytxthepl es of heterocycl es that may be found
in the claimggRel ude, but A1 NQLLlimted to, the follow ng: A-1478 WO PCT

- 38 - "Ca-bspiroal k" nmeans ‘a’gem nal |l y-attached al kyl ring conprising a
m ni mum dd aEtOH - ethyl alcohol

h- hour(s)

min - minutes

MeOH - methyl alcohol

MsCl - methanesulfonyl chloride

15  rt- room temperature

satd - saturated

THF - 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 500 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  cach 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-C18
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' ™ 10pum C18 column



and a maxi mrum of b carbon atons that is attached to a chain or another
ring- such as: Wand R R A-1478 WO-PCT - 39 - "Avail able nitrogen atons"
are thosewoi2oroogeraoat ons that are part of a heterocycl epamasarie/opoined by
two single bonds (e.g. piperidine), Ieaving an external bond avail able for
substitution by, for exanple, H or . "Pharnaceutlcally acceptable salt”
nmeans a salt pr d conventi onal and are well known by those
skilled in tﬁblgﬁf&ﬁ*ﬁg%“pharnacologlcg? y acceptable salts" include basic
salts of inor ic and organic acids, including but not limted to

Py dr ochl or | ¢ (200 421 AQ erobRaht saaeioey sk hud Plotiae hth appoBiBH O with d,
nethanesquO@lg ggihd, ethanesulfonic acid, malic acid, acetic acid, oxalic
aci d, tartarlc acid, citric acid, lactic acid, fumari c aci d, succi ni ¢ aci d,
mal ei ¢ aci d, Pyeparayibh of deininokbe(3zaiyt-qaiodin-ihmetlad @i ))gyiromidiveesstel | ¢ aci d
and the |ike. \Wen conmpounds of the invention include an acidic function
such as a cafB léﬁﬁhp, then suitabl e pharnmaceutical |y acceptabl e cation
pairs for the carboxy group are weNH,known to those skilled in the art and
i ncl ude al kal i ne, al kaline earth, um quaternary anmoni um cati ons and
the like. For additional exanple§“0f|"pharnacologlcally acceptable salts,”
see infra and Berge et al., J ﬁh%f NIPCi . 66:1 (1977). "Saturated,
partially saturated or unsat ur at ed’ in | udes substituents saturated with
hydr ogens, substituents conpletely unsa 'r.. ohwi t h hydr ogens and
substituents partially saturated wi th hydrog . "Leaving group” generally
refers to groups readily displaceabl efby a nucReophlle such as an amne, a
t hiol or gn al cohol nucl eophile. Such |eayhng groups are well

General Method A:
(¢}

)OJ\/U\
HN. HaN HaN
—_—
HO | X Ho\;I[;g —_— |,x
R R R
o) OA3
NH,OH .
m z Y()O - AIJO
Br 4E;§

o}
HNT NF 2R B N 2R z
A7 A8

X/
X/

PR
A10

10  General Procedure: A solution of Al (1 eq ) in anhydrous THF was cooled to
0 °C and lithium aluminum hydride (LiAIH4, 2eq) was added as a solution in
anhydrous Et,O. The reaction was allowed to warm to rt 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,4 used. Filtration and

15  concentration afforded compound A2. Compound A2 (1 eq) was dissolved in
DCM, MnQ; (8 eq) was added and the reaction was allowed to stir overnight.

Filtration and concentration afforded A3. Compound A3 (1 eq) was added to



known in the art. Exanples of such |eaving groups include, but are not
limted to, N hydroxysuccinimde, N hydroxybenzotriazole, halides,

trifl at eswotzonyisat4es and the |ike. Preferred | eavi ng gr ®@apasasie/osyvd? cat ed
herei n where appropriate. "Protecting group” generally refers to groups
wel | known in the art which are used to prevent selected reactive groups,

such as carbaox ) hydr oxy, nercap and the |ike, from undergoing
undesi red reﬁt%{‘}i‘@nag)&gggh as nucl eophi T%@j el ectrophilic, oxidation,

reduction and the like. Preferred protecting groups are indicated herein
wher e appr opridylecetébeaih @p aofl aqniM dl@Er(deert Thegegrtmnpeasiheeicddet0 Ut are not
limted to, aralk, substituted aralk,. cycloal ken}t/ll al k and substituted

cycl oal kenyl HFRIY: dhanyhe tesipsgryrenrasdaigsd 190 ey \Vhemhegrartiar By | |

ar al koxy car bQBihmirsh Ly he 22k hBE obhbErioEHATR 51811 ¥ aldiyl palue. but are
not limted to, benzyl, ortho-nethylbenzyl, trityl A-1478 WO-PCT - 40 - and
benzhydryl , wHijusted tan® bethdpt NeQ&l. | Messabd wias diltextdwind wakladdogieih water ko al koxy,
hydroxy, nitr | am._no |, and the like, an al t;s, . sych as

phosphoni am e SRl R0 B Sty PR BB IR ohenyt
napht hyl , i ndhleyide (Bhehy adegyyidinedd (1%qphePyOH .| The saytign wahlenaadttar enyl |
durenyl and t i ke. Exanpl es of cycl oal kenyl al k o ubsti tuted

cycl oal kenyl & 4ef] AP SrecFian 36 JCREDRCE S BNe APASBAT SRIBHEION 9 ude, but

are not |im tgechtQvasG¥mboiensaylo. Mt psbidaddad PRtibhdEoetobind BII A akly! |
al koxycar bonyl and aral koxycar bonyl groups include benzyl oxycar bonyl,

t - but oxycar bavar and &hs- IpyareRiprcascpnted, The ruspic laxuyssivashedvbe rdtoy | | .
butyryl , ; @celykso,! fdt:Her @Sk MO, CHEQES A8 Thidd. C@ﬁrﬁ%&yﬂ%@&fﬂn&lhe I ke.

A m xture of protecting groups carr be used to prote e same am no group,
such as a prichmmategripiy afoodgl 43nChmppurot AS ved dipgolved n antoae ahk gr oup and

het or acycl | ¢ PRRBIRR £ TR Amer S4B TSk ny pitbih AR (B b T or
exanpl e, 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
MgSQ,, filtered, and concd in vacuo to afford A6. Compound A6 (1 eq) was
dissolved in aq. IN HCI (10 eq) 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 1N NaOH. The solid was filtered and
washed with water to afford A7. Compound A7 was dissolved in 48% HBr at 1t
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(l) bromide (1.1 eq) in HBr at 0 °C. The mixture was allowed to warm to rt
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 IN NaOH . The
resultant solid was filtered and washed with water. After drying, the solid was
slurried in DCM, filtered through a 0.45 uM filter, and concd. Purification by
column chromatography (5% EA in hexanes) afforded A8. Compound A8 (1 eq)
30  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



1, 2- bi s( et hyl ene) benzene, phthalimdyl, succinimdyl, naleimdyl and the

| i ke and where these heterocyclic groups can further include adjoining aryl
and cycl osbkoroyBsgsw I n addition, the heterocyclic group®Ctars2tie/opdan-, di-
or tri-substituted, such as nitrophthalimdyl. Am no groups nay al so be
protected agai nst undesired reactions, such as oxidation, through the
formati on of an it salt, such as hydrochl oride, toluenesulfonic acid,
trifluoroacef¥é4§§ﬁg)gﬁﬁ the like. Nhny4 f the am no protecting groups are
al so suitable for protecting carboxy, hydroxy and nercapto groups. For
exanpl e, araﬁkdgﬂw@@gﬂhﬂmnngﬂéwpﬁran@5ﬁnédﬂ§EWW%mléhgmmﬁbﬁeﬁﬁ$ﬂpk@1ectlng
hydr oxy and r gr oups
are silicon gﬁ%&ﬁgapgggﬁgﬁﬁh¢§%@2¥%@h%gd%ggg%%éwg%%k%%SRh@%%ﬁ%myguand ar al k
groups. Sui t 2alHECGY, Hyitd praotvglOnonddileugs Rurdicaden bjoumlumne:hrmmatd)grapkt}ed to,

trimethyl sil th t silyl, t t hyl silyl,
i ot hy ! phenylRidedieSpbutad, Gotbph P RGH pBinkishafifi pihalthit £ 85'and ' 1Y
1, 2- bi s( di metpbwksiimkiphiane cqnd mmphqwlréaatlbﬁ'b@s lstl/ﬂred #pird Mhﬁﬁam of an

am no groups prOV|de nono- or disilylan no %woups yl ation of
ami noal cohol é@ﬁ%ﬁ%&h%@ﬁe%ﬁ%C@raplatlwsmsb? Si Iy r%PéFleaﬁ gduteqaiyal  of

the silyl fumedhelnd \ANA Wi WhicRLHENHS! L. MR INERGATPA shed by

treatnment with, for exanple, a netal hydroxide or amonfumffuorid
reagent, eit deied averdMeg$ Qe rﬁéneaedra@é@pn@thﬁ@pd aeruda paidugt. dithei mgdust meact i on

I e e B R Sl

phenyl di ngt hybisd paoluehh@kiadiging Hidhie nybmmENHORIC ayforddal £10.de or their
conmbi nation products with imdazole or DM. Methods for silylation of

am nes and r &ieBoal MsthadiBy|  protecting groups are well known to those
skilled in the art. 'f\pods of preparation of these i ne derivatives from
correspondi ng am no @

o Ar—SnBu; B1 0P N
—_— >
\ |N\ X
Ar = /\R
B2

Compound A10 (1 eq), aryl-stannane B1 (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 rt, diluted with DCM, and filtered. Concentration and

purification by column chromatography afforded B2.

General Method C:

N Ar—B(OH), C1

O O‘;N;:O
N - - N
N .
Br” N7 PR A NP NPG

A10

20 A mixture 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



acid amdes or amno acid esters are also well
the art of organic chemstry including am no acid/amno acid ester or

known to those skilled in

am noal cowol2oohemi4gt ry. Protecting groups are renoved uRdEUSe@OaB494DNS

which will

as renova

not affect the remai ning portion of the nol ecul e.
are well known in the art and include acid hydrolysis,

the like. A pref d thod involves r val of a protecting group,
REHLREp i

ycar bonyl group'®y hydrogenol ysis utilizing

pal | adi um on carbon in a suitable solvent system such as an al cohol,
acid, and t heéo 10k ondamaxtiwoges atthespborfe. unall theutaxips avabdatgtmmpedtelbt i ng gr oup

can be renoved utilj zj n .inorgani ¢ or .organi ¢ acid, suc HCl or
trifluoroac ef?@ptﬂﬁ W t{iﬁﬂg &fiet 8&%@%‘6 Wgﬁtrgwgfl@fﬁs dﬂﬂt@a “ﬁ@ @I%&Pa% or
met hyl ene chlyakhdliewitl NQHCES Uivhich Griall Tae Sitlahicdayer heddiikd ob& Mgsms,al ized to

yield the free am ne. Carboxy protecting group, such as nethy
benzyl, tert figtegiand gongsk Hasifisaden bealnn chrpmategsaphyiadfordedeamepouadp

under hydgol ygi s and hydrogenol ysis conditions well

in the art.

groups that feperkMethadDt automeric forms, such as cyclic and acyclic

=0 S NR

These net hods
hydr ogenol ysi s and

such

acetic

et hyl ,
ved
known to those skilled

It should be noted that conpounds of the invention nmay contain

am di ne and guaﬂlsine groups, heteroatom substituted q®5eroaryl groups (Y

exanpl es: A- 1478)%

e like, which are illustrated in th ’?ghlomﬁng
) PCT - 42 - and though one formi sy ,

descri bed,

di spl ayed and/ gt ohai med herein, allyjhe tautomeric fQr are intended to

be inherent!|yindl u®ed in such nane, &eﬁcri tion, displayMhd/or claim
Prodrugs of the u of thig inv | Monare_al sagcont € y this
N N P PSS

10

15

Ar “R R Ar R
D1
B2 D2
NH,
NP | CN
0 0
| IR ; | IR | N\ N
/ /\/ //
Ar R I \Q AT NF ;ﬁQ
B2 D1 D2

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

The filtrate was concd in vacuo, then dissolved in EtOAc / water. The layers were
separated and the organic layer was washed with brine, dried over MgSQOy,
filtered, and concd to afford D1. Compound D1 was combined with 4-amino-6-
chloropyrimidine-5-carbonitrile (1.05 eq) and diisopropylethylamine (1.2 eq) in n-
butanol. The mixture was heated to 115 °C for 1h, then cooled to rt and filtered.
The solid product was washed with cold EtOH/Et,0 and dried to afford final
compounds D2. Additionally, purification by slurrying D2 in hot EtOAc may be

performed.



invention. A prodrug is an active or inactive conpound that is nodified
chem cally through in vivo physiological action, such as hydrolysis,
met abol i swoand/ishaol i ke, into a conpound of this inventiPom/USed10o3H9AY)
adm nistration of the prodrug to a patient. The suitability and techni ques
i nvol ved in making and using prodrugs are well known by those skilled in
the art. For a a i scussion of prodrugs involving esters see Svensson
and Tunek Exéblﬁﬁ?gk%kp&aneviems 165 (%588) and Bundgaard Desi gn of
Prodrugs, Elsevier (1985). Exanples of a masked carboxyl ate ani on include a
vari ety of eéiceer! Metheld Bis al k (for exanple, nethyl, ethyl), cycloalk (for
exanpl e, cycl ohexyl), arglk (for exanple, benzy pnet hoxybenzyl ), and
al kcar bonyl oxyal k (for e pl e, pival oyl oxynet K Am nes have been nmasked
as aryl carbonyl oxynet hyl \=stfbsti tuted derivativesg=fhich are cl eaved by
esterases in vivo rel eagi nght he free drug and _gQr pgl dehyde (Bungaard J .
Med. Chem 2503 (1989)9" M s& drugs contalnﬁ%g n &idic NH group, such as
i mdazole, imde, indole a dl@h i ke, have been~Nmdked~w th Nacyl oxynet hyl
groups (Bundgaard Desi gn of|Pru gs, Es®vi er (193%3 ydr oxy groups have
been nmasked as esters g etThe E noAcR478 WO- PCT - 43 -
Little, 4/1 1/81) disc ©S Nhnnlc - base hydr 1 © acid prodrugs, their
preparation and use. Thespgcification and cl arfrs $Q9ta|n i sting of
speci es using the | anguage I'sghected from. . . and . g2 - and "is . . . or
" (sonetimes referred to as Markush groups). Wen this | anguage is
used in this C@pmounfaﬁloms dissbysd ioDOM whd eeatdvell wet mostrnmaltﬁnﬂtcalayncl ude

the group as a mhol a e nmenber,s. the oups
ther 2ot he 0 ERGH 215e) THe YR PR e dRHERG R lin Mo HETEE Ba | s
not neantsi ncarymprye BYOLCIVIE ind Benfiesdadnd@bn @i a\ffo@l&lad)mpd@m s or
subgr oups )

Specific Example: Method A

Synthesis of (2-amino-3-fluorophenyl)methanol

F F
HoN H2N

HO
'e) 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 lithtum aluminum hydride (7.68 g, 202 mmol) was added as a solution in 200

mL of anhydrous Et,O. The reaction was allowed to warm to rt and stirrred for

3 h, after which time it was quenched with 7.7 mL water, 7.7 mL of 15% NaOH,

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-

fluorophenyl)methanol. 'H NMR (400 MHz, CDClI5) 6 6.91 (ddd, /=10.8, 8.2, 1.2

Hz, 1 H), 6.86 (br d, J/=7.4 Hz,1 H), 6.64 (td, /=7.6, 5.1 Hz, 1 H), 4.69 (s, 1H).

2-Amino-3-fluorobenzaldehyde

F F
H,N HN

OH o



as needed. The present invention also includes isotopically-I|abelled
conpounds, which are identical to those recited herein, but for the fact

t hat one woO 20ws1Hbons are replaced by an at om havi ng aRCatused10/0685 Or
mass nunber different fromthe atom c mass or mass nunber usually found in
nat ure. Exanples of isotopes that can be incorporated i nto conpounds of the
i nvention incl iSO es of hydrogen, _carbon, nitrogen, oxygen,

phosphor ous, %f%mi’ﬁ d chlorine, sut (S:as 2H, 3H, 13C, 14C, 15N, 160, 170
, 3 1P, 32P, 35S, 18F, and 36C . Conpounds of the present invention that
contain the &-dmeinedtilemephangbmeihesoldhdsax 96nieel) westvprsedmn dPmel at ons
are within t p LS:d i i abel | ed
conmpounds of Iags Rgﬁ\g'r &aég?ﬁé@%@e"h‘ﬁé gﬁ%'s%gﬁ%ﬁ%ﬁn% g;e(lll S\gatssgalalhn(?M%L

radi oactive rsottagehirsuets asredht ardeidghtaiae 'reacmrpmmuledzyasa‘”ﬂemb eful in

drug and/or substrate m ssue di,st.ri Tr|t at ed H, and
car bon- 14, %}E Q §dé€’r1é1 @QM Oﬂlﬁa@?@%}{ VbarSeCPB? WPaele t? ﬁf—ﬁ)?ds)ease of
preparatign @nﬂm@lsiseﬁﬁdr@&nzﬁuéw&r H NupR (4 douiien iy by seavigel < 9t opes such
as deuterium i.e., 2H can afford certain therapeutic advantages resulting

from greater Hrel Hh3l.32(det /b7 8i iy HZf,dH),e&hﬁ'riddé Jndd&a8dd1ioHxilvh, hePf-1ife
or reduced dosage nﬁﬁt may be preferred in sone

ci rcunst ance&%’?soﬁ%%ﬁcg ’I §t9§l ﬁed o rrpounds of this invention can
general ly be 1pxsdflaoHdzwethquain(ﬂiut-?.-ygethanem| | y avail abl e isotopically

| abel | ed reagent for a non-isotopical I y | abel | ed reagept. A-1478 WO-PCT - 44
- Experinental The foll ow ng ,:abbrew ns are used ag. - aqueous

K\@_,

10  Acetylacetone (4.00 mL, 38.8 mmol) and 2-amino-3-fluorobenzaldehyde (4.5 g,

32.3 mmol) were combined at rt and stirred to dissolve. To this solution was
added aq. IN HCI (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 to 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, CDCI;) 6 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 (ESI) m/e =204.1 (M + 1).
(E)-1-(8-Fluoro-2-methylquinolin-3-yl)ethanone oxime

F F

|
_N
20 O HO

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 mL) and pyridine (0.662 mL, 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 residue was redissolved in EtOAc and washed with water,



BI NAP - 2,2'-bi s(di phenyl phosphi no) -1, r-bi naphthyl coned - concentrated DCM
- dichl oronet hane DMF - N, N-di net hyl formam de Et 20 - diethyl ether EtQAc -
et hyl acevetelddsOHo- et hyl al cohol h - hour(s) mn - m ROTAS20Me/@BY42 et hyl
al cohol MsCd - nethanesul fonyl chloride rt - roomtenperature satd -
saturated THF - tetrahydrofuran General Reagents and sol vents used bel ow
can be obtaine rcial sources,. 1HNVR spectra were recorded on a
Br uker 400 ?%%%38 NMR spectro” Meter. Si gni ficant peaks are
tabulated in the order: multiplicity (s, singlet; d, doublet; t, triplet;

q, quartet; #mt GubOipnébringr The oigpwadayst wgh dnyd ovas Mgt Pméiltersdsamgnt (s) in

hert Hz ; : I ted
Uhe ratio of Caugs Ta0 e Rort et o Ry B A e e e 0r each

ion (in paremnidigd@sindliesiylRERnGE ¢:0Me 2B NMR (IBEINHIBRMSSPEOLT OBE(d, Y
anal ysis was conducted on a 1100 serie MBD el ectros%%ﬁﬁorrass
de

Agi | ent s LG
spect romet er = Wiz, dédhpbaf . éﬁiﬂdﬁt{@uéﬁa 37065 PRt he? o3l (ote
using acef onighfyi korded up to 9.25 ppm).
N-(8-Fluoro-2-methylquinolin-3-yl)acetamide
F

F
y |

(E)-1-(8-fluoro-2-methylquinolin-3-yl)ethanone oxime (700 mg, 3.21 mmol) was
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 MgSQy, filtered, and concd to afford N-(8-fluoro-2-methylquinolin-3-yl)-
acetamide. 'H NMR (500 MHz, DMSO-d6) § 9.65 (br s, 1H), 8.54 (br s, 1H),
7.71 (dd, J=17.8, 1.5 Hz, 1H), 7.47 (m, 2H), 2.66 (s, 3H), 2.17 (s, 3H). Mass
Spectrum (EST) m/e =219.1 (M + 1).

20  8-Fluoro-2-methylquinolin-3-amine

F F
0] N\ N\
N HoN
H

N-(8-Fluoro-2-methylquinolin-3-yl)acetamide (580 mg, 2.66 mmol) was
dissolved in 1M aq. hydrogen chloride 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

25  reaction was carefully quenched with ~30 mL of 1IN NaOH to pH ~10. The

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



water with 0.1%formc acid as the delivery solvent. Reverse phase

anal ytical HPLC was carried out using a Agilent 1200 series on Agilent

Ecl i pse XDB2@0181&MMM col um (4.6 x 150 mm) as the stati ecarus2@loas®+4and
eluting with acetonitrile: water with 0.1% TFA. Reverse phase Sem - Prep
HPLC was carried out using a Agilent 1100 Series on a Phenonmenex Gem ni(tm
| Omd 8C0|hj - 4%%V\DPCT 45 - §0x21.20mr) as the stationary
phase and el ay f’w gcetonltrl | e: H2q th 0.1% TFA. Preparation of

4- am no- 6- (3-aryl -qui nolin-2- yI)n'ethyI am no) - pyrim di ne-5- carbonitriles D2
General Met hdlgo-2-Getlerquindind edine ! HANG! (0 diHnDMEO(A 5637 dd @=anhydr ous

THF was cool |it I i ) was added
as a sol uti osdji h%a[%ﬁagpoﬂ& % %%\3 f@é%@E%aAQ ﬁblv@d ﬁ/ﬁgm to rt and
stirred for 34du, safties, MA)iChHE] 1T8), 5%03&5 s, QU HEE, B’M) U\h@s%@&ﬁﬁﬂent

addi tion of I X water, |X 15% NaOH, and 3X water where X = grams OLiAlH
used. FiltratFOh A CM@herAti on af forded compound A2. Conpound A2 ( 1
eq) was d!sss@;'ﬂﬁfilnd@fm}/bzmglﬂaﬁ(yﬁﬂbhﬂﬁs added and the reaction was all owed
to stir overnight I'tration and concentration afforded A3. Conpound A3 (
1 eq) was added toA-1478 WO-PCT - 46 - acetylacetong (1.2 eq) and aq. IM
HO ( 1 eq). The reaction wa hﬁat at 60 0CY y, then the
tenperature was raised to 90 QC. the—meact| on 3 determ ned to have
reached conpletion, it was ohed N o7 rt and ghe~gHwWaS adjusted to ~9 with
IN NaOH. The solid was fllﬁéred and washed with water to afford A4.

Conpound A4 R-Hiu&i@)2-WRehyEpimki esLamiidc 100 0B BbamMe!) M HRsolved 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 mmol) in 0.5 mL water. After 10 min, the solution was

10 transferred via pipette to a slurry of copper(I) 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 1N NaOH (~10 mL). The resultant solid
was filtered and washed with water. After drying, the solid was slurried in DCM,

15 filtered through a 0.45 pm filter, and concd. Purification by column chromato-
graphy (5% EtOAc in hexanes) afforded 3-bromo-8-fluoro-2-methylquinoline. 'H
NMR (500 MHz, DMSO-d6) 6 8.80 (d, J= 1.7 Hz, 1H), 7.77 (m, 1H), 7.60 (m,
2H), 7.88 (s, 3H). Mass Spectrum (ESI) m/e =239.9,241.9 (M + 1).

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

F Br F
N NBS / AcOH N
| X —_ | =
67% =
20 Br Z ° Br

To a round-bottomed flask containing 3-bromo-8-fluoro-2-methylquinoline (90
mg, 0.375 mmol) was added AcOH (750 uL) 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 diluted with 10 mL water and 50 mL of hexanes.
25  The mixture was shaken vigorously until all solids had dissolved. The organic
layer was washed with 10 mL of sat. NaHCO3, dried over MgSO, and filtered.

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



chloride (1.1 eq) and pyridine (1.1 eq) in EtOH The reaction was heated to
refl ux, and when the reaction was determ ned to have reached conpl etion,

t he sol vewD 20s¢15100ved i n vacuo. The residue was porti enedshevmwemn2 Et OAC
and water and the layers were separated. The organic |ayer was washed with
sat. CuSO, and brine, dried over MySO, filtered, and coned. Purification
by columm chro ogr.a af f orded AS5. ound A5 was di ssol ved in acetone
and cool ed t@%\%@%&i‘hl s was added S%IIECI ( 1 eq) and ag. NaCH (Il eq).
The reaction was heated to 70 OC. After the reaction had reached

conpl etion, idesigdpredist &dremo2t(begmaometbyld-S-lentoguingling coatmpvesded withacuo. The

resul ting solbds )hv ' F Thenay e

separ at ed angéjﬁg%(ggﬁ?@??gyﬁgh 1 gé%%gﬁ%%%ﬁlerﬁmgé@@% bri ne.
The organi ¢ ICayEk) 3w&g3 dd,iedl ovez, 1My S04 (rhi 2He 7 eid,(manH),co9eds,i2B)VRIawo to
afford A6. Conpound A6 ( 1 egé was di ssolved in ag. INHA (10 eq) and
heated to 95 Soestiim (ESH) pée red2dibhtvids deternined to have reached

conpl eti og. Bhes BeamblRNubfsdufRAings. Bﬁfe‘flé}lﬁstﬁnﬁﬁil?eﬂfb-td?@neo"' was adjusted to
~10 using IN'NaOH. The solid was fiftered and washed with water to afford
A7. Conpound A7 was dissolved in 48% HR a d then cooled to 0 OC. To
this solution was added sodiumnitri ; in water. After 10 mn,
the solution was transferred via pipett\e to a Mrry of copper(1) brom de (
1.1 eq) in HBr at 0 0OC. Hpe m xtpura 4 | ope owarmto rt and nonitored
by LG M5 for reaction conpl efion, After the reagtign was conplete, it was
cool ed back to 0 OC and ad |usl~ o—pH=>9 with MNN The resul tant
solid was filtered and washed- i th water. After the solid was
slurried in DCM filtered through a 0.45 nM fiBter; d coned. Purification

gé) col um  chioRRL oG ARYAAR W5 RohBidddh 3RS ImALRNER Y1 Pm B TPPHALE ( 1
phthalimide (108 mg, 0.737 mmol) and 3-bromo-2-(bromomethyl)-8-fluoro-

tr

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,
I x 10 mL NaHCOs, and 1 x 10 mL brine. The organic layer was dried over
MgSQ., filtered and concd to afford the crude product. The product was purified
by slurring in 5 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-yl)methyl)isoindoline-1,3-dione. 'H NMR (500 MHz,
CDCls) 6 8.37 (d, J= 1.5 Hz, 1H), 7.98 (m, 2H), 7.77 (m, 2H), 7.49 (br d, /= 8.3
Hz, 1H), 7.42 (td, /= 7.8, 4.6 Hz, 1H), 7.22 (ddd, /= 10.0, 7.6, 1.2 Hz, 1H), 5.27
(s, 2H). Mass Spectrum (ESI) m/e = 384.9, 387.0 (M + 1).

20  Specific Example of Method B:
2-((8-Fluoro-3-(pyridin-2-yl)quinolin-2-yl)methyl)isoindoline-1,3-dione

0" >N"o  F —N 0" N 7O F
» N
=
Br & | =



was di ssolved in AcOH and N-brono succinimde ( 1 eq) was added in a single
portion. The reaction was heated to 80 OC for 1 h and subsequently cool ed
to rt A-14¥8 200/BCHO- 47 - and diluted with 10 ni L of watrem/usnaodoomt of
hexanes. The m xture was shaken vigorously until all solids had dissol ved.
The organic | ayer was washed with sat. NaHCq 3, dried over MySO and

filtered. Purji o) col um chromat ogr aphy afforded conpound A9.
Conpound A9 \ﬁaié‘&)%ﬁggywth pt hal i m'Héf?( 1 eq) and potassium carbonate (
1 eq) in DVW. The reaction was stirred at rt until it was determ ned to
have reached 2e6iprasnq-8rilugyoquayoll:2-Thmethghespindalingd, 3alipng @80 wig R-2600Ac and

washed with e dried
over MySO , \fﬁﬁ@gré@qan CE‘&I&@{ oﬁg‘fd(flor ﬁaoglgﬁqrﬁ%?%ﬁiuc rgﬁ%?h%ggauct was
purified by @hwphinegpallmdibmi(@)i (9. En@AR.05hthned pw eregrobbiriedtand @ilO€d vRtH trat i on
of the solid pr duc and wa th 1:1 hexanes: aff orded Al O
General Met hé8Y ‘Bﬂh Z%@&gd%@%m@%f@ 1catgglfo 1@9 %r?é‘fmleel 5 eq)
and tetraki Sfrédcﬂaﬁm e(rtﬁécpm@edﬂra?édlvam B@mana@m%re%m oMeERr B RLged and

diluted with anhydrous 1, 4-di’'oxane. The m xture vvas%ea ed to 100 OC until
j udged conpl eueﬁwlombymlumihehromatﬂgraphy\ﬁ%%%cﬁt@a\ctm hexanes)i dffordedl 2 t h DCM
and filtered nc t r i . r raphy
or e SPGB EARA A Bl BT A

I, 1" -bis(di plomwmnos:mu)@)a‘%(r@cm7%§hi agli), umﬂ(t@m:emzdg 0(H9z, JLPBQ)
pot assi um car bonat e 83 eq), boronic aci Al Oin of

heat edA- 1478 ViB-(Pe?H), 485 (d. V5 15@29@{D»r70@(da»(7m7t$ H@eiﬁhﬂrf’dsﬁ%érﬂ ant | I t he
reacti ony yas 4QeferiNede{Qd, D8 7.6, 4.9 Hz, 1H), 7.26 (dd, J = 10.3, 7.6 Hz, 1H), 5.44

(s, 2H). Mass Spectrum (ESI) m/e =384.1 (M + 1).
Specific example of Method C.
2-((8-Fluoro-3-phenylquinolin-2-yl)methyl)isoindoline-1,3-dione

HQ, C /\7;5\
B
Hd 0] N @) F
O~ 'N” O F N
—>
T oo
AN
| P
Br Z O

15 A mixture 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-yl)methyl)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 NaHCQOs3, water and brine. The organic
layer was dried over MgSOQs,, filtered and concd. Purification by column
chromatography (25% EA in hexanes) afforded 2-((8-fluoro-3-phenylquinolin-2-
yl)methyl)isoindoline-1,3-dione. 'H NMR (500 MHz, CDCls) & 8.00 (d, J =

25 1.5Hz, 1H), 7.89 (m, 2H), 7.74 (m, 2H), 7.57 (d, /= 8.3 Hz, 1H), 7.55-7.43 (series
of m, 5SH), 7.41 (td, /= 8.1, 4.9 Hz, 1H), 7.23 (m, 1H), 5.12 (s, 2H). Mass
Spectrum (ESIT) m/e = 383.0 (M + 1).



conplete by LCOMS. After cooling to rt, the reaction was diluted with Et OAc
and washed with NaHCO , water, brine. The organic |ayer was dried over MySO
, filterewoand/isored. Purification by col um chromat ogr apimyusaéioosser]
compound B2. General Method D: B2 D1 D2 Conmpound B2 was slurried in EtOH
and treated with hydrazine hydrate (10 eq). The reaction was heated to 75
OC until|l determned t ave reached co etion by LG MS. The reaction was

t hen cool ed ﬁbl?&a’(ﬂ?&t}ed with Et OAC,'rTg#H filtered. The filtrate was coned
in vacuo, then dissolved in EtOAc / water. The |ayers were separated and

t he organi c Ragafic Kasmpigstiddetogd B: brine, dried over MySO, filtered, and

coned to aff . . i 1 4- am no- 6-

chl oropyri mi g#%%%-oé%ﬁggﬁiliﬁ%_ﬂq%@.‘%@@ﬁﬁgﬁ@ {l?llesopropyl ethylamne ( 1.2
eq) in nbutanol. The mj e was heated to 115 OC for Ih, then cooled to rt
and filtered. The solio oduct was washed wth cold EtOHZEt O and dried to
afford final conpounds P2.\ Additionally, purification by slurrying D2 in
hot Et CAc may be perf@PhgRd-Sy 148 WO-PCT - 49 - CGapgral NMethod E: Conpound
El was dissolved in DCM and I\tlreted with wet_nontnpriflonite clay and oxone
(2.5 eq). The m xture was “gtI hat rt until the raacty was determn ed
conplete by LC/ M5 and fi ed and coned t g«af flQrglconpound E2.

Speci fic Exanpl e: Met odTA ynt hesi s of (2-am |o>3 fl uor ophenyl ) met hanol To
a round bottoned fl askgdntai ni ng 2-am no- 3-fl usedbenzoic acid (15.7 g, 101

To an 83 mg portion of 2-((8-fluoro-3-(pyridin-2-yl)quinolin-2-yl)methyl)iso-

5 indoline-1,3-dione (0.216 mmol) was added 4 mL EtOH at 75 °C. To this slurry
was added hydrazine, monohydrate (105 uL, 2.165 mmol). After 2 h, the reaction
was diluted with EtOAc, filtered, and concd in vacuo. The residue was dissolved
in EtOAc / water with heating and sonication. The organic layer was separated
and washed with water, brine, dried over MgSOQy, filtered, and concd in vacuo.

10  The (8-fluoro-3-(pyridin-2-yl)quinolin-2-yl)methanamine was thus obtained was
used without further purification. '"H NMR (500 MHz, CDCls) & 8.78 (d, J = 4.4
Hz, 1H), 8.21 (s, 1H), 7.86 (td, /= 7.8, 1.2 Hz, 1H), 7.65 (d, /= 8.1 Hz, 1H), 7.57
(d, /J=8.1Hz, 1h), 7.49 (td, J = 7.8, 4.9 Hz, 1H), 7.37 (dd, J = 7.6, 4.9 Hz, 1H),
4.20 (s, 2H), 2.00 Hz, br s, 2H). Mass Spectrum (ESI) m/e =254.1 (M + 1).

15 Example 1: Preparation of N-((5-chloro-3-(3-fluorophenyl)quinolin-2-yl)-
methyl)-9H-purin-6-amine
2,5-Dichloroquinolin-3-ylboronic acid

Cl N

Cl |N\ | J
= (HO),B” F

Cl 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 hexane 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-dichloroquinoline (J. Am. Chem. Soc. 2005,
127,12657) (2.8 g, 14 mmol) in THF (14 mL) drop-wise. The temperature was
controlled below -72 °C by adjusting the addition rate (15 min). After another 5



mmol ) was added 100 nlL of anhydrous THF. The reaction was cooled to 0 OC
and lithium al um num hydride (7.68 g, 202 mml) was added as a solution in
200 nmL ofweanhidisoys Et O The reaction was all owed to WRCEUSRO1003%A2I
stirrred for 3 h, after which tinme it was quenched with 7.7 nL water, 7.7
mL of 15% NaOH, and 30 nL of water. The reaction was diluted with 300 nL
OEt Oand fill filtrated was ied over MgSO and filtered and
coned to affoArgﬂgz\%Q}ag fI uoropheny% fret hanol . 1H NVR (400 MHz, CDC 3)
d691(ddd J108 8.2, 1. 1 , 6.86 (br d, J=7.4 Hz,| H), 6.64
(td, J=7.6, ®un, trgmethyl bwrat@l(%m@sl Slei) wag agddedisorswiseu difigbdhman. dleehydeA- 1478

\(;\f)sspgl-r ved |n}%@(féon| Ep%gwm%g%&%%%%@h 4%%@%%&}&&%& , 8 eq) was

added and t h&t©As (50 arht) asd watey (MM)smIa) iTihe edméined torganers iwayh tvashEldevitleact i on

m xture was filt edthr t The filtrate
ths coned 1 n T ar SR NS R felGelsBrSe dakaeTonsofR (400 M,
CDCl 3) d 9. 9%yhich wds waszle@whﬂl EtOA)c, (18 nd2x Cfltollodved v&ﬁtlﬁhexlne?(lldznle A 7 16
(ddd, J = 11.4, 8.0, 1.6 Hz, IH, 6.69 (td, J =7.8, 4.7 Hz, IH, 6.08 (br
s, 2H). |-(8pﬁllely@k1@wzoh@m§/pbfamﬁél MNM&(éthﬁzoﬁECA@ét%ﬁa@ei 5hd 4. 00 ni,
38.8 nmmol ) a n b 3 I)vvere

conbi ned at ?‘? rpl ﬁrpr}) 7'213{ gl g@o %%9%?&&3]5580 H%lzlolﬁ1 was added aq. IN
Ha (32.3 rrL,Sp&ﬁnﬁn(lEﬁiD)n/@ﬁd42l@M+r1§:SU| tant m xture was heated to 60 OC for
20 mn, then tg 90 OCB 5511 he reaction was cooled to rt and quenched
with 34 nL of PTOIRKEre-3d ‘1061’5'?1? Yhqumolingy gy "~ A vol uni nous solid

preci pitated and was fll|t ed and washed with water.ciTheynsald d was
air-dried overnight t& (8-fluoro-2-nethyl qui ngli y1 ) et hanone.
1H NMR (400 F

(HO),B
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), Na,COs (2.1 g, 3 eq), Pd(PPh3)4(0.38 g, 3%),
MeCN (60 mL) and water (20 mL) was heated to 85 °C under N, overnight. The
mixture was cooled to rt 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. 'H-NMR (400 Hz, CDCl5) & 8.43-8.47 (m, 2H),
7.88-7.90 (m, 1H), 7.57-7.59 (m, 3H), 7.44 (s, 1H), 7.41 (s, 1H). Mass Spectrum
(ESI) m/e =292 (M + 1).
5-Chloro-3-(3-fluorophenyl)quinoline-2-carbaldehyde

O Na O 0 AN O OHC._Ng
S T 7y
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) in
dioxane (10 mL) was heated to reflux under N for 4 h before cooling to rt 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,
0.81 mmol) and catalytic amount of OsO, in acetone (5 mL) and water (2 mL)
was treated with N-methylmorpholineoxide (351 mg, 3.7 eq). The resulting



MHz, CDCI3) d 8.47 (d, J = 1.6Hz, IH), 7.67 (m IH, 7.50 (m 2H), 2.95 (s,
3H), 2.72 (s, 3H). Mass Spectrum (ESI) me = 204.1 (M+ 1).

(E) -1 - ( 8-WwbuoroatseHnet hyl qui nol i n- 3-yl ) et hanone oxi ne ToPaTrusand/obott oned
flask containing |-(8-fluoro-2-nethyl qui nolin-3-yl)ethanone (1.5 g, 7.38
mmol ) and hydr oxyl am ne hydrochl oride (O. 338 m., 8.12 mml) was added Et CH
(75 nm.) and py |ﬁ%g8 662 nL, 8.12 The m xture was heated to
reflux. After-3t feaction was cod d to rt and the solvent was

renoved in vacuo. The residue was redissolved in Et OAc and washed with
wat er , A- 1478 nWoupCwas stgredl at rigfgr 2 h@@ﬂeactmw@rpan@tlotmﬂéewegaﬁt@& :ﬁ%r was

O et o S PO SR P LA RSO s

oxi me. 1H NMRria&6fd ddizl ovBivB@,3B) AdsdButdsh dfdhe dbove tedvdire, in [II{-I)F (10.8D) 4y | H) ,

23 pphy . MBS RB TR L0 § SELPINY oL vk BRRIeC P T

(B)-1-(8-§1 uanurtsradduy Nﬂéﬂ%ﬂ(ﬂrﬁﬂﬁé|réaﬁzhbﬁlﬁﬁﬂt@rd)0&h§®r(ﬁe@%yfwlur&1 21 mol )
was di ssolved in acetone (10 n1_?1 and cp oled to 0 OC. To this solution was

added p- Tsc:lchl(omazogfg)hysoglvem iye fodid) d&@ww%wz CRClppp 1826, dmol ) i n
3.2 nL of wa h eat 70 OC for
2 h. The sol &@h?ﬂ Slrhi’ﬁ%%ée@]i]\rll@gg\ﬁg k?rep}srégu )i ﬁg7?o @51\%@?

di ssol ved i n7E9ALS and3 kaMess Sﬁémrulnaml)sm\/\e#éz%s@ﬂ&ﬂ)at ed and the organic

| ayer was wa onal material was
Fevoverod by NeeClpTesitaror R Dufie ﬁnvé-yﬁn@tw%%'w"bﬁ BBR The

conbi ned or gani @Hcay s\ filtered,
afford N-(8-fluoro-R-mg
DVBO-d6) d 9.F

10

To a solution of 5-chloro-3-(3-fluorophenyl)quinoline-2-carbaldehyde (100 mg,
0.35 mmol) in THF (3 mL) at 0 °C was added NaBH, (20 mg, 1.5 ¢q) 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,SO4. Removal of
solvents 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 SOCI,
(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 rt for 2 h. Water was added
and the resulted 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



7.71 (dd, J = 7.8, 1.5 Hz, IH), 7.47 (m 2H), 2.66 (s, 3H), 2.17 (s, 3H).
Mass Spectrum (ESI) me = 219.1 (M+ 1). 8-Fl uoro-2-nethyl qui nolin-3-am ne
N- ( 8- Fl uowo-28tomst gl qui nol i n- 3-yl ) acet am de (580 ng, 2. @ETMSRA1)/03%82

di ssolved in I Maqg. hydrogen chloride solution (26 nm., 26.6 nmmol, 10 eq).
The reaction was heated to 95 OC for 1.5 h and then cooled to 0 OC. The
aci dic reacti,on fully quenched with ~30 nmL of IN NaOH to pH ~10.
The preci pltétéé‘mq ?pt%ered washed with water, and dried under vacuumto
afford 8-A-1478 WO-PCT - 52 - fluoro-2-neth IqU| nolin-3-amne. 1U NMR (500
MHz, DMBO- d6pilgwiticB pvag dregtpe vathd)-chlompmpine (44)mg,71 zvq)g henig'g basc09885. 1 Hz,

IH), 7. 17 d, J I 5. 60
(E? S, ( EHIS& ﬂilJEE?H(:\/h pec{légﬂ”ﬁeééf)?l% e = S%?S?‘@Jsfﬁﬁe}}%‘i).m
3- Br onp- 8 fl mshndZwﬁbEt@HquddﬂbdumdeBV%mmr ovlizelngtvie N -Gahddrd+3-@-am ne (100
, 0.568 ' : L of ,48% HB th | ed
1o 0 0c o thporBentie R hasybiebyD Shputi-a e et Skl o g8 S rmol )
in 0.5 ”L5V\/af1ﬁ\VIsoA{6?8r12b@(§ﬂl'H) 3@?(§H‘IP%‘1‘3"(5V@H? tSV(%"(%if ?HSQﬂHWﬁH)O' pette to
a slurry of copper(1) bronide (90 rrg ) HBr at 0 OC.
The ni xture WdZ-al7 omediH).o/ ¥ (o, tH)aﬁéNdDJwt&ﬁ Hd, bﬁ),LUM& FoB8.0reaction

conpl eti on. t t 1 copl ed back to 0 0C and
adjusted to p H Eﬁzl(%aﬁ@cﬁh(sg\%ﬁe&mﬁ e reesﬂp\{?gwt olid was filtered
?_nldt vvasge?hv\iﬁkhmm 2r deﬁhtﬂ?oxfiﬂtsw H1®)- ]t-(Seclﬂoia ﬂ-(m;)sdbphelniybquinmliﬁ)ltzw

iltere ro mmfil.ter [ i on col um
chromat o graﬁﬂgn'(ygﬂ PEEI-PAIHBG A ﬁﬁ%dg{ifﬂ Sthtloro-3 3

3- ?rganzﬁoll‘ :_Dlﬂﬂbﬁo@r?eﬁi?thlﬂMiﬂiQJyl)éﬂl(yl)le%M -5Qehilvkiz, DVBO- d6) d 8.80 (d, J

To a solution of 5-chloro-3-(3-fluorophenyl)quinoline-2-carbaldehyde (80 mg,
0.28 mmol) in THF (2 mL) at 0°C was slowly added MeMgBr(1.2 ¢q, 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 1-(5-chloro-3-(3-fluorophenyl)quinolin-2-yl)ethanol (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-
20  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



2H), 7.88 (s, 3H). Mass Spectrum (ESI) me = 239.9, 241.9 (M+ 1).

3- Brono- 2- (brononet hyl ) - 8-fl uoroqui noline To a round-bottoned fl ask

cont ai ni yO2WwWtwisNT0 8- f | uor o- 2- met hyl qui nol i ne (90 ng, OPB8TAISANMIFIMAS added
AcOH (750 nL) followed by N-bronmo succinimde (66.7 ng, 0.375 mmol). The
reaction was heated to 80 OC for 1 h and subsequently cooled to rt and
diluted with 1 and 50 nL of hexanes. The m xture was shaken

vi gorously uRY ?ﬁ‘Wég&l ds had di ssol vetd. The organic | ayer was washed
with 10 nmL of sat. NaHCO , dried over MySO and filtered. Purification by
col umm chr omsewli-Apthychuernatgzpbyrmd hl mexissiexs! pipdunt sad obhinad 24 26(300- PCT - 53

- d d ! od
i th 8% 3- br ohereF s TR Sk S DL SHED AR ARUE A URAR R 00
VMHz, CDC 3) of thiddatedial (B1ang, 0619'mm01)|'é)1d hyd64ine 60 ﬁig) 10 Zq)id 2(mi. FXOH, 4. 92

(zs((émsroﬁsiva? REP LI ETbds BT Co SRRt s ibitpsiaeak, Aty an

oven-dri el flaq ev;as so@ﬁ@)bme d@sﬁeaqﬁd)dim cas banate ALORItIY of (5-¢@érool ) ,
pht hal i m de & 737 mmol)

3-brono- 2- (b %w%ﬂ@@hmll Eulﬂ?lﬂbrzé’éﬁ?%n?ﬁ@e(@gﬁl% 17gnmeh, ¢nebioyo-She f1 ask
was further (ﬂﬁhﬁ%?w:'}ﬂgrl @b(g)mna%mwge @938, then 19%'%@]%({2%@%&}! before 3

nmL of anhydrous . The reaction was stirred at 2 h,
di | uted wi t hhgtgh ¥h@ oesmight. 2 CcMBoletdctadas glear trogudt@eeh. A\ﬁ@H@@ usualnd 1 x 10

mL brine. Th MISS.A coned to
afford the c?ﬂd{algprd%éc%xgﬁﬁ%ﬁe%hggm\?\%g&b uri 3L CMO a? & §|n 5 nL of
boi l'i ng EDOA(QM&@(H/DO?MqugS%)mid $0om@ soil whi bbuambdamraa’émaﬂee Em)ﬂheﬂ product and
washing with t QAC

br omo- 8- 1 uosouertisat i F FERR eTERr Al PACH s Setiiie!s THSARCS00 Mz

((S)-1-(5-chloro-3-(3-fluorophenyl)quinolin-2-yl)ethyl)-9H-purin-6-amine, as a
white solid, and N-((R)-1-(5-chloro-3-(3-fluorophenyl)-quinolin-2-yl)ethyl)-9H-
purin-6 amine. For S enantiomer: "H-NMR (500 Hz, CDs0OD) & 8.28 (s,1 H), 8.07

15 (s,H),8.01(d,J=8.0Hz, 2 H), 7.63-7.57 (m, 2 H), 7.44-7.40(m, 2 H), 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 (ESI) m/e = 419 (M + 1); For R enantiomer: '"H-NMR (500 Hz,
CD;0D) 6 8.41 (s,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 H), 7.41-7.39 (m, 2 H), 7.24 (t, ] = 8.0 Hz, 1 H), 5.89 (s, 1 H).

20  1.53(d,J=28.0 Hz, 3 H) Mass Spectrum (ESI) m/e =419 (M + 1).
Example 4: Preparation of 1-(1-(6-fluoro-3-(5-fluoropyridin-3-yl)quinolin-2-
ylethyl)-3-iodo-1H-pyrazolo|3,4-d|pyrimidin-4-amine
1-(6-Fluoro-3-hydroxyquinolin-2-yl)ethanone

25  To 5-fluoro-2-nitrobenzoic acid (10.0 g, 54 mmol) was added SOCI, (20 mL, 54
mmol). The resultant mixture was heated at 80 °C for 2 h. After cooling to rt, the
extra SOCI, was evaporated. The resulting acid chloride was dissolved in Et,O
(20 mL). To magnesium methoxide (47 mL, 10% Wt, 54 mmol), pentane-2,4-
dione (6 mL, 59 mmol) in Et;O (15 mL) was added drop-wise at rt. After stirring



~

= 7.8, ;16HZ, 7.22 (ddd, J = 10.0, 7.6,

cbcdl 3) d 8.37 (d, J .5 Hz, IH), 7.98
J

. Mass Spectrum (ESI) me = 382CI/US3@B0BWHUM + 1).
B

=1

J =8.3 Hz, IH), 7.42 (td,
1.2 Hz, IwW208/B87740s, 2H)
Speci fi c Exanpl e of Method B:
2-((8-Fl uoro 3 (pyridin-2-yl)quinolin-2-yl)nmethyl)isoindoline-I, 3-di oneA-14
78 WO PCT -

2- ((3-brono- @H%W&Bpﬁol i n-2-yl) et hy?(}l soi ndol i ne-1, 3-di one (100 ng,
0.260 mmol ), 2-(tributylstannyl)pyridine (104 ni, O. 312 mol ) and
tetrakistri pﬁbﬁ*@/?@ﬁlf%lth%mpémea’msm(l@) al(dailll@edﬂylth G105 2oetad )0 i’/(éraéldconbl ned

and diluted ]91])2(6 ted to 100
0C for 24 h. \ml%gmragg%%ﬁg%o%gén glo ESQ &ip?&a%@%&fdrﬁb%&ﬁ%%? ei‘l | t er ed.
Concentrati offhamd;uhantlréaouan inoxtubyweothamheatdd mrraﬂu»gfmﬁlﬁym@%\:fth@%cﬁtr@% in
hexanes) aff

CCoet oy o L% 0% G i pguieddmioricmgtey FA R SanigaN HE! b one. 11

HZNR I( E{;)O EB%/Hi gxﬂ&lcﬁx}vnﬂ E%O7 GWi(sll’Ebd bvhﬂuwa%eﬁﬁnﬁdﬂdﬂjgdl‘lhmd dongd, d\(fhl?h gd\%e—87 Hg IZH;)
7.41 (td, J cwfiesntezn%hqlﬁ 3: (Muorcﬂg@tr?bfamﬁ) penjang-2 4rd9>nr=+z Masgy | 7.26 (dd, J

= 10.3, 7.6 Kpecthdd) (Eﬁ? e L%ﬂ'ﬂM VSR SRERL GRS LERI nASxRefh 1 (M + 1).

Speci fic exanpl e of
2-( (8 Fl uor ong-, @ﬁ&fm‘iﬂqnmﬂlolandﬁ Z54flupree mytrqtics eiydiednitang=3.4-dictic b 7 AL xt ur e

o ot oy RGN RUBSADORL! 611 o0 PRl ALl igia £a1. 20
phenyl boroni tacﬂ(ﬂe(d v(zldl7cc51ch§CIQ11§}89 Iafm:hc,tedlwﬁh@(t@Ac washed with water,
0. 260 ol DrBgAeR Shefoned vile b el PO OO PSR BRI 1 rogen”
at nosphere. Af Eﬁan&ethmRr(Q@@lg)m VES(ABl R Roned, J o ses 6enph ehe by LC/ M.
After cooling to rt, the reaction was

7.51 (s, lH) 7.30-7.22 (m, 2 H), 2.86 (s, 3H). Mass Spectrum (ESI) m/e = 205.9

(M +1).

15  2-Acetyl-6-fluoroquinolin-3-yl trifluoromethanesulfonate

O O
N ~N
—_—
=
F OH F Z 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 trifluoromethanesulfonic

m 2H), 7.77 (m 2H), 7.49 (br d,
I'H)
I

anhydride (1.0 mL, 6.2mmol) were added . The resultant mixture was stirred at rt

20  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 trifluoro-
methanesulfonate. 'H-NMR (DMSO-d®) § 8.76 (s, 1 H), 8.35 (dd, J=8.5, 5.0 Hz,
1 H), 8.08 (dd, /=8.5, 5.0 Hz, 1 H), 7.98-7.93 (m, 2 H), 2.80 (s, 3 H). Mass

25  Spectrum (EST) m/e =337.8 (M + 1).
1-(6-Fluoro-3-(5-fluoropyridin-3-yl)quinolin-2-yl)ethanone

0 N

4
\

F OTf _



diluted with Et OAc and washed with NaHCO , water and brine. The organic

| ayer was dried over MgSO, filtered and coned. Purification by colum

chr omat ogwaphw/i528% EA i n hexanes) afforded PCT/US2010/039942

2- ((8-fluoro-3-phenyl quinolin-2- yl)nethyl)isoindoline-I,3-dione. 1U NWR
(500 MHz, CDCIS) d 8.00 (d, J = 1.5Hz, IH), 7.89 (m 2H), 7.74 (m 2H),
7.57 (d, J = @%é—% EE)I‘ 7.55-7.43 (series of m 5H), 7.41 (td, J = 8.1,
4.9 Hz, Ay APl 5,12 (s, 2H°! Mass Spectrum (ESI) me = 383.0 (M
+ 1). A 1478 WO-PCT - 55 - Specific Exanple of Method D

(8- Fl uor o- 3- ¢pyiiteicref 22-9¢cfy]ch-fudtioquiolin-prid thdweipinadamsubion8a(Ydmgor t i on of

(0. 216 mrol ) "ieaHBlt Pyorby BRI bR Y PR LROBIOR, YT G e °"

hydr azi ne, nﬁpn@rﬂg&nbsﬂtme)(oélﬂﬂimﬁ (0)281 6fg, M6d h)nol)AédﬁsﬁHn Aubridd (Y68 megdtd9%n was

di | d h E d,. due di | ved
in B onc/ warae e roneedligoaRts S8nt Dol B e el iR i °= €

separ at eds andopesited W tid W@ﬁ@bole@fd Imﬁanddﬂ!e%ﬂl mrﬁlwsmerédohlbaé@d and
coned in vacuo._ The 8 fl uoro-3- n- 2-yl ) qui.noljn- ) met hanam ne was

thus obt ai nedaked \M%Et%@ ﬁ%@omdf %H@ﬁcaé@wf.ﬂtear@ﬁléw bylﬂ%hmr?rs@fe MHz,

CDA 3) d 8. 78, eg)‘ﬂy o@er‘sﬁca‘%eﬁ%radlwbehﬁlo%% 66% ]ijt@Ac i h%@arfet gavedl - 7- 8, 1.2 H,
IH), 7.65 (d, 7.49 (td, J = 7.8,
4.9 Hz, I H), ﬂno®73(ﬁ@uomp¥rldln63 yk)qlgnﬂzn 2+y|19)ethanonzaoMa§s SIZ@Q)TUHQ(ESO) WK br s,
2H) . Mass Spe? W §y) nme = 254.1 (M+ 1). Exanple 1: Preparation of
N- ((5-chl oro- (5 uor)ophenyl )qui nolin-2-yl)- nmethyl)-9H purin-6-am ne
2, 5- Di chior odeisidubro-3-( flmorepyridia<d-d)quinalii-atyd)eslodnod i on of
di i sopropylamnne (2.2 nL, 1,1 eq) in THF (33 L) was
OH
A N

F | x—F =
P
N y

A mixture of 1-(6-fluoro-3-(5-fluoropyridin-3-yl)quinolin-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-yl)ethanol.
'H-NMR (CDCl;) & 8.53 (d, /= 5.0 Hz, 1 H), 8.4 (br, 1 H), 8.08 (dd, J=8.5,5.0
Hz, 1 H), 792 (s, 1 H), 7.53-7.46 (m, 1 H), 7.45-7.40 (m, 2 H), 5.06 (q,J=5.0

20 Hz 1H), 1.15(d,J=5.0 Hz, 3 H). Mass Spectrum (ESI) m/e =286.9 (M + 1).
2-(1-Chloroethyl)-6-fluoro-3-(S-fluoropyridin-3-yl)quinoline

N cl
HO | X

N
\ N
\_/
F
Thionyl chloride (0.4 mL, 5.68 mmol) was added to 1-(6-fluoro-3-(5-fluoro-

pyridin-3-yl)quinolin-2-yl)ethanol (325.0 mg, 1.135 mmol) in DMF (1 mL) and



added drop-wi se a solution of n-BuLi (1.1 eq, 2.5M 6.2 nlL) in hexane at
-20 0C. The resulted LDA solution was kept in 0 OC for 30 mn and cooled to
-78 0C bewvorelwaddisi on of a solution of 2,5-dichl oroqui moriuseo10®3994m Chem
Soc. 2005, 127, 12657) (2.8 g, 14 mmol) in THF (14 nL) drop-w se. The
tenperature was controlled bel ow -72 OC by adjusting the addition rate (15
mn). After e 478 WO PCT - - mn, trimethyl borate (2.4 rnL,
1.5 eq) was %dgziﬂg@r%éc\h After 30 n?% the reaction was quenched with
water, acidified to pH 4 and partitioned between Et OAc (50 rnL) and water
(100 nlL). Th®W@drd0 rda. Higuthe edditien.dhovastiar wiststirgd eert ford h.nhe dried over
2 157 SR AR 0T AT Bl L
obt ai ned. 1I—NNNRd(\5ﬁ1®wMeE,,brﬁBﬂlr&)d ahdSoRdd. (Ryrificatipn af 1% rfésqﬂuelwﬁlaﬁah Hz, 1 H
7.74 (t, = m(ESI) me
242 ( M+ 1) fgm%lafﬁ?%ﬁ%r%eé“?%a ﬁlu‘bsﬂléfpﬁ%/%t?éﬁk%‘g?n%“& ?8 of
Zogogleﬁhleﬁreo?o 906 o=y gﬁﬁﬁ%b%ﬁﬁlﬂyl?%n&lgm 7H3\IW@DC1E){}$B@QE(% %8

I z 9,
3%, MeCN (66 Mﬁzahﬁl)y\&ﬂ%fs ( 20, Bdl} (dhd h@abHe.ol B5 08 (sntE, No2-over ni ght .
The m xture I r t,()ﬁg d ter. The
organi c resi diue (\?R‘ag urﬁ%%i:%ﬁ%’ﬁl ﬁ; 7t4 b%%chrgfr%i\;? (gphy 8ilﬁl$|l ta gel
(DCMhexane 139310, J & 5¢) Me, EHDMSS)%IGMMQEH;]DWG %I-}ONIVF{MALQ() Hz, CDd 3) d

R e

5- ChI or o 3- ((f, FaZé00[9 Eyh},qmnmﬂahﬁﬁeZ car bal dehyde A m xture of 2,
5-di chl oro- 2,3 fluorop enyl ) qui noline (600 ng, 2.1 mﬁol)

N/ '
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To a solution of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (129 mg, 496
umol) 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-chloroethyl)-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,O. The residue was triturated with
Et,0, after filtration, which gavel-(1-(6-fluoro-3-(5-fluoropyridin-3-yl)quinolin-
2-yl)ethyl)-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine. '"H-NMR (DMSO-d°) &

20  8.25-8.22 (m,2 H), 8.17 (s, 1 H), 7.99 (br, 1 H), 7.97 (s, 1 H), 7.84-7.76 (m, 2 H),
7.64-7.58 (m, 1 H), 6.49 (q, /= 5.0 Hz, 1 H), 1.86 (d, /= 5.0 Hz, 3 H). Mass
Spectrum (ESIT) m/e = 530.0 (M + 1).



tributyl (vinyl)stannane (1.2 nL, 2.0 eq) and Pd(PPh3)4 ( 119 ng, 0.05 eq)
in dioxane (10 nL) was heated to reflux under N2 for 4 h before cooling to
rt The resiotzoovismi4kt ure was coned and purified by col umrCThusometsgyraphy on
silica gel (EtOAc/hexane, 1/8) to give an off white solid. A m xture of
this solid (230 ng, 0.81 nmmol) and catal ytic amount of GsO4 in acetone (5
m.) and water treated with N et hyl nor phol i neoxide (351 ng, 3.7
eq). The r estt Wo_fﬁgg WO PCT - 57 -"mM Xxture was stirred at rt for 2 h.
The reaction was partitioned between Et OAc (20 rnL) and water (10 m). The
organic Iayeﬁgamﬂ%wﬁmmmqﬁ N 1-96-BJuorqudt(Erfluasppyrddianttyhquiselinver Na2SO

. A solution S lete) JPe[FT-PEy )was

treated vvithyﬁa h@%@@r{‘@?é@?#m (()11()6#{ Hh)(,yaﬁnﬂi cﬁ{émnl%g‘n

CsO4. Aft er wiixlanyde 64 h€l- (@ﬂubi(13&-(ﬁﬂubmpyrwnqeﬂl)qﬂmeﬁh-ﬂyylmwmm

chr omat ogr aph tol hve,a vx,hla%) oI|d 1H NMR (400 MHz, CDO 3) d 10.20 (s, 1

H, 8.51 (s,P)}(/Fi)Z,"‘g’fgd]PHr“H 43 amyne 1y 7 68-7.75 (m 2H), 7.37-7.45 (m

IH, 7.09-7.15 (m 3H). Mass Spectrum(ESIg me = 286 (M+l).

N ((5- Chl or o- 3- (184S | uor ophenyl ) qui nol Viv) met hyl ) -9 rin-6-amne To a
N.;l "

solution of 5 or o~ 3- (3-f 1 uor opheny. i ne-2-c | dehyde (100 nyg,
0.35 mmol) in{(THF@ ) at 0 OC d NaBH4 (204mg/ N5 eq) in one
portion. The rg [-8n m xture was t swirred at 0 O 2 h before

quenching with watjer. The nixture was éXtracted with Et OAc (400l x 2),
and conbi ned or ganihes wefe i | .

Renoval of sol vents.{ol J
gave a whiter Q' dt A"so ut ifon of g »
treated with SOO 22 (0.13 nL, 5 eq) a\} rp. Rermval
with ag. NaHCO gdVe a pale yellow solTd (80 ng). The above solid was

treated w th A QeulRRf FSIS{YB§&rb-39(5-fluoropyridin-3-yl)quinolin-2-yl)ethyl)-3-iodo-
1H-pyrazolo[3,4-d]pyrimidin-4-amine (50.9 mg, 96 umol) in DMF (2 mL) 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 0.3mL, 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(tri-t-butylphosphine)palladium (11 mg, 10 umol) and sodium 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,O, and the
15  Et,0 solution was washed with water, brine, dried and concd. Purification of the
residue by flash chromatography over silica gel, gradient elution, using 0-10%
MeOH in CH,Cl, with 0.1% aq. NH4OH, gave 1-(1-(6-fluoro-3-(5-fluoropyridin-
3-yl)quinolin-2-yl)ethyl)-3-(1H-pyrazol-4-yl)-1H-pyrazolo[ 3,4-d]pyrimidin-4-
amine. 'H-NMR (CD;0D) 6 8.14 (dd, J=8.5,50Hz, 1 H), 798 (d,/=5.0 Hz, 1
20  H), 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 (ESI) m/e = 469.9 (M + 1); and 1-(1-(6-fluoro-3-(5-fluoropyridin-3-
yl)quinolin-2-yl)ethyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (6.6 mg, 17%), 'H-
NMR (CD;0OD) 6 8.14 (dd, /= 8.5,5.0 Hz, 1 H), 8.02 (d, /= 5.0 Hz, 1 H), 7.94(s,
25 1H),7.89(Gs, 2 H), 7.81 (s, 1 H), 7.57-7.49 (m, 2 H), 7.32-7.28 (m, 1 H), 6.35 (q, /



phthalimde (65 ng, 0.35 mmol) in DMV ( 1 nL) at rt for 2 h. Water was
added and the resulted solid was filtered and washed with water to give a
white solwo.20/msixbure of this white solid (105 ng, 0. 2FCwusk)iomasad42
hydrazine (0.079 nmL, 10 eq) in EtOH (2 nL) was heated to reflux for 2 h.
After cooling to rt, the mxture was filtered, washed with Et OAc and wor ked
up. Renoval of ave a yell owA-1478 WO-PCT - 58 - oil, which was
treated mﬁthpﬁliﬁ*%ﬁgkggine (47 ny, 1.2é£q), hunig's base (0.088 rnL, 2 eq)
in BuOH (1.5 nL) at reflux. After cool to rt, the solid was filtered,
washed with EtXGHHant Hdr 188 (dirde?-0vke ddby Maws Spreciame BRI 0 8-THIBP OM3t ( 3-

fl uor ophenyl 9uinoIin-2-y|)nethy|)-9kkpurin-6-anine. 1H NVR (400 Hz,
DMSO-d6) d 12:96 (s, IH, 8.33 (s,IH), 813 (s, 1 H, 8.06 (d, J = 8.0 Hz,

| H), 7.84-7. Exafuple 2: Pepavatich of. 34tliymyl-2-(H)(6-flaofd3d(5-flueropytidiiz3- 1 H), 7.33

(t, J =8.0 1 ) 2 : S, Spect.r.u ESI) me = 405 (M + 1).
Exanmpl e 2 : gb&ﬂﬂwﬁ%r%ﬁnﬁﬁyﬁflﬁ'ﬁ@@!ﬂg@rﬂlB '8“'3&](159'%11% ophenyl ) qui nol i n- 2-
yl)ethyl)-9H purin-6- am,ne, and Exanple 3 : N-((R)-I-(5-chloro-3-(3-

f I uorophenyl) - qui nq|iAQ-2-yl)ethyl)-9H purin-6 am &2 Ty a sol uti on of

5-chl oro- 3- (3-fl uor/op | ) qui nol i ne- 2- car bal dekyqe O ng, 0.28 mol) in
THF (2 nL) at OOC | oWl y added MeMyBr (1. 2(\eq/ 001 1 nm). The reaction
m xture was stirred at ®OC for 3hr. After tenovll Nsol vent, the residue
was triturated with w Q nmg crude product s gbtained. To a
solution of |-(5-chloro-3 or ophenyl ) qui nol i nol (70 ng,
0.23 mmol) in THF {2 nt » dded PPh3 (73 ng, 1.2.gg thalimde (41
my, 1.2 eq), and DIAD (56 ny, 1.2 eq). The rea&sti/oOn{ m Xture was stirred at
rt for 2 h. LCVS detected cl ear product peak. Afver/renoval of solvent, the
resi due was partitioned between Et OAc and water, ahd the conbi ned organic

llayers were A mixture of 1-(1-(6-fluoro-3-(5-fluoropyridin-3-yl)quinolin-2-yl)ethyl)-3-iodo-

v

1H-pyrazolo[3,4-d]pyrimidin-4-amine (57.6 mg, 109 umol), copper(I) iodide (16
mg, 82 umol), dichlorobis(triphenyl-phosphine)palladium (i1) (19 mg, 27 umol)
and ethynyltrimethylsilane (0.15 mL, 1088 umol) in triethylamine (2.0 mL) and

10 DMF (2.0 mL) was stirred under N; at rt for 1 h. Then potassium carbonate (15
mg, 109 umol) in water (2 mL) was added and stirred for 30 min 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. NH4OH_ gave 3-

15  ethynyl-1-(1-(6-fluoro-3-(5-fluoropyridin-3-yl)quinolin-2-yl)ethyl)-1H-pyrazolo-
[3,4-d]pyrimidin-4-amine. "H-NMR (DMSO-d°) & 8.26 (d, J= 2.0 Hz, 1 H), 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=5.0Hz, 1 H), 4.56 (s, 1 H), 1.86 (d, /= 5.0 Hz, 3 H).
Mass Spectrum (ESIT) m/e =427.9 (M + 1).



dried over Na SO . After renoval of solvent, the crude residue was

subj ected toA-1478 WO-PCT - 59 - conbi-flash chromatography and 8 1 ny
desired pwocdonyiswase obt ai ned as 2-((5- PCT/US2010/039942

chl oro- 3- (3-fl uor ophenyl ) qui nol i n-2-yl ) nmet hyl )i soi ndoline-|I ,3-dione. A
solution of this material (81 ng, 0.19 mml) and hydrazine (60 ng, 10 eq)
in 2 nm EtOH mﬁimgg to 900C for 3 h,_LC- M5 detected clear product peak.
After the usdal*EgV r:rch, 50 ng of t e desi r ed product was obtained. A
solution of (5-chloro-3- (3-fluorophenyl)-quinolin-2-yl)nethanam ne (50 ny,
0.17 nmol), nipde 8- Broparation ¢f31-(hy6- .020-3c{ﬁ-fhmomﬁﬂig'-%-}’BQEf@OliO-.Ze38 m_,

oi car pr oduct M- -PRANNI R P b R Bk bR L B
purified by conbi-fl aﬁpéchr onmat ogr aphy (MeOH/ DCM 0-15% and 50 ng solid

was obt ai ned as race s, Further separation by ﬁni ralNsHPLC (I'A col um,
10% | PA/ 90% Hexane=%5 pi ns) gave N- 2\ 4

((S)-1-(5-chl oro-3*&3/fl\]{lorophenyl)qui nol i n- 2-\N ) - 9H puri n- 6- am ne,
as a white solid, a N & /3

N-((R)-1-(5-chl oro-3-(3kLfl worgphenyl) -qui nol i n- X7y Qj’&hyl)-ngurin- 6
am ne. For S enantioner: (500 Hz, CD3CD) d 8/28 H, 8.07 (s,

H, 8.01 (d, J = 8.0 ~§3-7.57 (m 2 H),
. J ='8.0 Hz, 1 H, .

: : rum (ESI) me = 419 (M For R enanti omer:

H NVR (500 Hz, CD3OD) d 8.41 (s,| H), 8.19 (s, , 8.13 (d, J = 8.0 Hz,

1

2 Hy, 7.77-7.75 (m 2 H), 7.57-7.52 (m 1 H), 7.41-7.39 (m 2 H), 7.24 (t,
J

(

|

(m 2 H,
1.41 (d, J

g )8 ?r[ Hz, A %@lutidil. c&Q)—(lS(b-ﬂ.udrB)-.S-(]S.-ﬁB)r()ldyridin-S-ﬂ)qﬂit#dlin-ﬁylbﬁthﬂb’esSiodipect rum
ESI e = M + . anpl.e 4 : Pr rati of .
-(1-(6-fP uoﬁﬁ-@ére%ﬂ?ﬁgu%ﬁiﬁ?spgﬁ? ef-agipe Y1 gk f A2 gmol) in DMF (3 mL) was
yl)ethyl) - 3- ieghed wmlmfg(ﬁ;abgt[yﬁmsﬂhmgmmﬂmoﬁlc1%%@,635 umol), 1-methyl-
| - (6- Fl uor o- 3- hydr ox%/qw nol i n-2-yl ) ethanone

0

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 Et,O solution was

10  washed with water, brine, dried and concd. Purification of the residue by flash
chromatography over silica gel, gradient elution, using 0-10% MeOH in CH,Cl,
with 0.1% aq. NH4OH, gave 1-(1-(6-fluoro-3-(5-fluoropyridin-3-yl)quinolin-2-
yl)ethyl)-3-(1-methyl-1H-pyrazol-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine.
'H-NMR (CD;0D) & 8.14 (dd, /= 8.5,5.0 Hz, 1 H), 7.97 (d, J= 5.0 Hz, 1 H),

15 793 (s, 1H),791(s, 1 H), 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,/J=5.0Hz, 1 H), 3.82 (s, | H), 1.92 (d, /= 5.0
Hz, 3 H). Mass Spectrum (ESI) m/e =483.9 (M + 1).



To 5-fluoro-2-nitrobenzoic acid (10.0 g, 54 mmol) was added SOC 2 (20 ni,
54 mol). The resultant m xture was heated at 80 OC for 2 h. After cooling
to rt, thwoertw#B0OC was evaporated. The resulting aci @CThISe10089MAS

di ssolved in Et20 (20 nL). To nagnesi um met hoxi de (47 nL, 10% W, 54 mol),
pent ane-2,4- dione (6 nm., 59 mmol) in Et20 (15 nlL) was added drop-w se at
rt. After stirri - WO PCT - 60 - 40 OC for 2 h, the m xture was
coned and di I%tlzéﬂgg@q’lﬁ%%t O cooled at"9°0C, and the acid chloride solution
in Et O (20 rnL) was added drop-wise into the mxture. The resultant
reaction m xtfxamplei8: Pmﬁrmm@fd11(lr(6éhl|0u<x~3f(5rﬂlsmonmdlnﬁﬁ~ybqum@bn12ng tort

the m xture Ug 9 I CeV 0, 2NHCI (2 m),
extracted w &ﬁﬁﬁ'&% ?‘%&%@Lgd}%ﬁﬁ%&g@e‘% %H}[ﬁ;r Qﬁag coned, whi ch gave
crude internedi ate $H,5-fluoro-2-nitrobenzoyl) pent ane- S -di one. Mass
Spectrum (ESI) rﬂﬁ/ 267.9 (M+ 1). A mxture of po‘f“é% hydr oxi de (100
m., 20% 54 nmol ), an -(5-fluoro-2-nitrobenzoyl N=pent neN2 4-dione (13.75
g, crude) was hea tonreflux for 1 h. After coQlipg wo rt, it was
neutralized and aci di Nl ed with cone. HO to pH 5.Nge ,\;é'cted w th Et OAc,
washed with water, bpt ked, and coned, which gave c ude
| - (6-fluoro-3- hydroxyqu no| P- yl—)-et—harnone» 1H NWR (§

I'H), 8.00 (dd, J.= « zZ~ H), 7.51 (s, IH, «
(s, 3H). Mass Spec rug (ESI) rrle = 205.9 (M + 1)
2- Acet yl - 6-f | uor oqu~R0l i n- 3-yl trlfluororrethanesulo ate To a solution of
| - (6-fluoro-3 -hydroxyqui nolin-2-yl)ethanone (1. 06g, Ns, 2mmol ) in DCM (40
), pyriding {futih d‘ﬂ-l,-(16(62ﬂBﬁH?b)S @D@udré]%iridﬁQB%flﬁlhﬁ@ﬂﬁwirlf)&ﬂjrﬁ‘%518&6’dr| de (

1.0 nmL, 6.2mvol) were added . The resultant mxture was stirred at rt for 4

h, diluted wilbhoysmololdedshlparinidin-daniae (650 mee 128nmed) inMMEGHRE) Was
treated with bis(tri-t-butylphosphine)palladium(o) (13 mg, 26 umol), 4-(4,4,5,5-

11.22 (s,
L 2 H), 2.86

tetramethyl-1,3,2-dioxaborolan-2-yl)thiazole (41.0 mg, 193 umol) and sodium
carbonate (2.0M, 0.4 mL, 800 umol). The resultant mixture was stirred at 100 °C
for 16 h. The reaction mixture was cooled and diluted with Et,O. The Et,O

10  solution was washed with water, brine, dried and concd. Purification of the
residue by flash chromatography over silica gel, using MeOH-CH,Cl,-EtOAc
(1:3:6), gave 1-(1-(6-fluoro-3-(5-fluoropyridin-3-yl)quinolin-2-yl)ethyl)-3-
(thiazol-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine. '"H-NMR (CD;OD) § 9.15
(d,/=2.0Hz, 1 H), 8.28 (dd, /=18.5,5.0 Hz, 1 H), 8.10 (d, /= 5.0 Hz, 1 H),

15  8.06(s, 1 H), 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, /= 5.0 Hz, 1 H), 2.06 (d, /= 5.0 Hz, 3 H). Mass Spectrum
(ESI) m/e =486.9 (M + 1).
Example 10: Preparation of 1-(1-(6-fluoro-3-(S-fluoropyridin-3-yl)quinolin-
2-ylethyl)-3-(thiazol-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine

NH, NHy ST

I \




Purification of the residue by flash chronatography over silica gel,

gradi ent elution, 0-25% Et OAc i n hexane, gave

2- acet yl -wof2bwarsoyai nol i n-3-yl trifluoro methanesul f onareT/ukEHIBIBYYDMSO- d6)
d 876 (s, 1 H, 835 (dd, J =8.5, 5.0 Hz, 1 H, 8.08 (dd, J =8.5, 5.0
Hz, 1 H, 7. 98 7.93 (m 2 H, 2.80 (s, 3 H. Mss Spectrum (ESI) me =
337.8 (M +

| - (6-Fl uoro- ?%%7%W&ngyrl di n-3-yl)qui Bori n- 2 yl ) et hanoneA- 1478 WO-PCT - 6
1 - A mxture of 2- acet&/I-G fl uorog_ll nol i n-3-yl trifluoromethanesul fonate

(561nyg, 1.66 Avmbityre oB-1f(1(6rfbioyeBdd @rqﬂy@drm%yé)qampbn{lzﬁktmg)no% mol ),
b tri-tbut m fl uori de
(756 . 4 of RO ABRUATh ARG o6 e W8, SRR 07T
was heat ed aphib@paladifumr(oB(48 n@nﬂ 4t;tmausi) amb5étd1buqlstannyb)ﬂdazfoid temeg. The
fIt t | | he EtOA ed, Pur| t nofthe
Fesi due by 1SRN Briak AR ARG O§Yer v e 1l 0 G Pl oEI G ORE 0. 6056
Et CAc in hHexanaltagavittire (N@s cooled and diluted w1th CH2C12 MeOH (10:1), and the

fluoro-3-(5-fl uaropyridin ui nol i n- ) et hanone. Mass Spectrum ( ESI
me = 285( 0 @Mumoq)ev%s Washed w1¥h wgter and brine. Tﬁe organic solvent layer was%rled ( )

I-( 6- Fl uor o- And éorfc'du%ﬁﬁ}éétid?ﬂ dhtis ﬂékmg&‘b?%!;lﬂc@o%ht)o%% ﬁ&‘@lzer%ﬂ'ﬂ?a

re of
| - (6-fluoro-3-(5-fluoropyridin-3-yl)quinolin-2- ?anone (?%y ng, 1.055
mol ), THF (E&HQMGQHdJBﬁdz b hadShy . gdec (40- (61jluon_o -845- ﬂmrﬂp)yﬂd@r% stirred

f 2 h. Th lite(t

Lo insed wDRBEDIRA-TTIHHE s H8acb NS L REEHIol P Al aRRfaflipc® 120D

rE esélA due i)% fllaahmm@mmap@ys QVEY, 8 3B (& Jge8.5,50r Bl 1len), sel3¢,ilam), O0- 100%
1 cin exane,

| - (6-fl uoro- 8- I(defur’uér(bldy,rlu Bt HMS 1 1) Rl S AS(S: A §10) ébh ddBk 76241 8v.2CDal 3)  d
792 (s, 1 PRRGE RO G i 1 FRIG S GBI M 510
Spectrurn (ESD) rn/e =487. l(M +1).
Example 11: Preparation of 4-amino-1-((S)-1-(6-fluoro-3-(5-fluoropyridin-3-
15  yDquinolin-2-yl)ethyl)-1H-pyrazolo[3,4-d]pyrimidine-3-carbonitrile and
Example 12: 4-amino-1-((R)-1-(6-fluoro-3-(5-fluoropyridin-3-yl)quinolin-2-
yDethyl)-1H-pyrazolo|3,4-d|pyrimidine-3-carbonitrile
4-Amino-1H-pyrazolo[3,4-d|pyrimidine-3-carbonitrile

H
N
( N N H
| N W X
N A~ > P /
|
NH, NH, CN

20 A mixture of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (1.04 g, 3.98 mmol),
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 N, 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 CH;Cl,, gave
4-amino-1H-pyrazolo[3,4-d]pyrimidine-3-carbonitrile. 'H-NMR (DMSO-d°%) &
8.29 (s, 1 H). Mass Spectrum (ESI) m/e = 161.1(M + 1).



Hz, 1 H, 1.15 (d, J = 5.0 Hz, 3 H. Mass Spectrum (ESI) me = 286.9 (M +
1). 2-(l-Chloroethyl)-6-fluoro-3-(5-fluoropyridin-3-yl)quinoline Thionyl

chl ori de WO.2410151748. 68 nmol ) was added to |- (6-fl uoro- 3PCHAlSbmonsgy? i di n-
3-yl)quinolin-2-yl)ethanol (325.0 ng, 1.135 mmol) in DMF ( 1 nL) andA- 1478
WO PCT - 62 - DCM (20 nmL). After the addition, the mxture was stirred at
rt for T was coned and diluted with Et O (20 nL). The Et O
sol ution ms@é@fﬁmgﬁ water, brine, dtied and coned. Purification of the
resi due by flash chromat ography over silica gel, using 10% Et OAc i n Hex,

gave 2- (| - chHoAwdnary(]-(6-4luprerdr(s- ﬂam(rgpyrllﬁmﬁbm!)qumohn@ylbqtlmli)ﬂbl-u ne. 1H NMR
coal3) d 8 1 8.14 (dd, J = 8.5,5.0
( ) S o éz(al"[i4|4}]By$“ﬁ§i“e']7q"@fb(’ﬁ“ﬁi (S, 7 ?1-7.46 (En 1 H, 7.40-7.36

(m 1H) 511(q,J 5.0 Hz, 1.93 (d, J = 5.0NHg, 3 H). Mass
Spectrum (ESI) me = 304.9 gV + 1) N= CN

| - (1-(6-FluoroNBz(onfluoropyridjn-3-yl)quinolin-2- yIQet,/ N) 3-iodo-I| Hpyrazo
lo [3,4-d] py,\[' Ld{ n-4-am fie TO 3 | ution of N

3-i odo- IH-pyrl\zo OT}B 4- ARG Famne (129 Ty, 496 in DMVF( 2 i)
was added sodrw dride |(6% dlspersmn in mneral oil 96 mmol )

at 0 0C, the resulting mxtlre was stirred at rt for 1 1
was added a solution of 2-(l-chloroethyl)-6-fluoro- | uor opyridi n-
3-yl)quinoline (151.0 ng, 496 mmol) in DMF (1 nlL) an@-fhe m xture was
stirred at rt for 24 h. The m xture was diluted with Et20 The resi due was
tritur at ed v»mom felh2ion ofifitaamind lH-pauiaol3,4si]pyhimidine-3-carbonitrile (60 mg,

275 ety S BBIREFB AP TR AL o omveianir oveo ) ¢
8.25-8. 22 ( Mmigerkd) 6il, $16.ﬁlg( 812 dmbl),at § OQgTﬁé)fesulﬂmg'&mxtﬁreg@adﬁl,rreli att,for’. 84-7. 76
|(_|rzn, g ||:|)|) K/ng anSBFO dhe mlxtlljr)e wa% addeé a soﬁ]mo_n of 2 (1- chlo}erlDyl)- -ﬂuoro(3d (S-J = 5.0
fluoropyridin-3-yl)quinoline (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 Et,O and
10 triturated with Et;0, following a filtration 4-amino-1-(1-(6-fluoro-3-(5-fluoro-
pyridin-3-yl)quinolin-2-yl)ethyl)-1H-pyrazolo[ 3,4-d]pyrimidine-3-carbonitrile
was obtained.
4-Amino-1-((S)-1-(6-fluoro-3-(5-fluoropyridin-3-yl)quinolin-2-yl)ethyl)-1H-
pyrazolo[3,4-d]pyrimidine-3-carbonitrile and 4-amino-1-((R)-1-(6-fluoro-3-
15  (5-fluoropyridin-3-yl)quinolin-2-yl)ethyl)-1H-pyrazolo[3,4-d]pyrimidine-3-

carbonitrile

4-Amino-1-(1-(6-fluoro-3-(5-fluoropyridin-3-yl)quinolin-2-yl)ethyl)-1H-pyr-
azolo[3,4-d]pyrimidine-3-carbonitrile (66.6 mg) in THF-MeOH 10:1(1.5 mL) was
20  subjected to chiral HPLC resolution (Chiralpak IA column, 30 x 250 mm, 5 mm),

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



M+ 1). A- 1478 WO-PCT - 63 - Exanple 5:
0- 3- (5-fl uoropyridi n-3-yl)quinolin-2-
) -1 H pyrazol o 3, 4-d] pyri m dipaTArSan0Ma99and

Preparation of |-(I-(6- f
yl ) et hyl )wB-2010H45pnazol - 4-
Exampl e 6:

| -(I-(6-fluoro-3-(5-fluoropyridin-3-yl)quinolin-2-yl)ethyl)-I|Hpyrazolo
[3,4-d] pyrimdin-4-amnpe A solution of

| -(l-(6-fl uo%%&(g’qp}ﬁropyrl di n- 3- yI )é]%l noI i n 2 yI )et hyI) 3-iodol H
pyrazol o[ 3, 4-d] pyri m di n-4- am ne (50.9 &m@m L) was
treated w t hflgreatof-Euaropgridm:Tyhguidolpi- ia‘uafch)@thy@sH(Irrpyl(aZQIOﬁ@4 -d mol ),

tetraki s (L ipRARDYLRGTANNALAR!ALLIM 1k aE, 98, Tl )sand .gpdt um

carbonate (2 resu ure was irred at
100 OC for 1@mino-Ai(RaddiG-flooxal3- (ﬁaﬂUOmpyImdln-ﬂyylammhcﬂHAZ Ybetbpi)elHaci d pi nacol

ﬁ"rsr:)?a; gﬁg gg’a?/{]?%ﬁ? %&a@i’% ?’%t r grboblg% ﬁiqg%ﬁh#ﬁ%‘gal l aﬂﬁ%gae?(ﬂ' tlll'JPI(”l)?Jreactl on
mXxture was gt ‘a{IﬁﬁnﬁﬂHJ{@MRo@)l\f/IQO &?E@tgw(d% i.0 fiRel HeRW4 @ni Hj‘ Kbaire was

cooled and diluted with Et O and the Et O soluti on was washed with water,
brine, dried8afdngdrdd 8. 1Pubi, flilbailOrs,df H, ﬁe%r"é% toe3 Hy G.626hJ/chYy.Omat ogr aphy

i t h 0.1%
NG gave 1 160y Bvo: 30 pitbbHsRg st (R hid 938 s 14 aq.
3-y1) quinol i mExAmyilg &3: htydepa&ttdmwar(s)-amlnd-@d1}(6Lmamraaa@(mémynuuwy-. i di n- 4

ook, 7, oypdin Tt n b yeting s gine-EcpgBonitrie by (55 T 7 °
7.57. 7. 480 (2 @1y BBl it (0. 9 5.0 ke, 1), 1104 (d
J =5.0 Hz, 3 ss Spectrum (E me = 469.9 M+ 1); and

I-(I (6- f1 uor o- 3- (5-fl uonopyri di n- 3-
yl)qui nol i n-2-yl)ethyl)-IlH pyrazol o] 3, 4-d] pyrimdin-4-amne (6.6 ng, 17%,

1HNVR (CD3CD) d 8.14 (dd, ¥ 5=8.5,5.0 Hz. 1 H), 8.02 \d, = 5.0 Hz, 1 H),
7.94(s, /\///;Sn@ /\//an@

F S
/

A mixture of 6-fluoro-2-(tributylstannyl)pyridine (5.00 mL, 13.0 mmol) and

Spectrum (ESI) me = 530.0 (
or
yl

sodium thiomethoxide (1.0 g, 14.3 mmol) in 1-methylpyrrolidin-2-one (10 mL)
was heated at 140 °C for 24 h. The mixture was , then diluted with Et,O and

15  washed with water, brine, dried and concd. The residue was purified by flash
chromatography over silica gel, gradient elution, 0-50% EtOAc in hexane, which
gave 2-(methylthio)-6-(tributylstannyl)pyridine. "H-NMR (CD;OD) & 7.40 (t, J =
5.0Hz, 1 H),7.15(d,J=5.0Hz, 1H),7.08(d,/=5.0Hz, 1H),2.56(s,3H),
1.69-1.55 (m, 6 H), 1.43-1.32 (m, 6 H), 1.15 (t, /= 10.0 Hz, 6 H), 0.91 (t,/=10.0

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

/\/\Sn }\1 / /\/‘Sn }\l /
j S j o:/s;O

A solution of potassium permanganate (9.11 g, 57.6 mmol) in water (100 mL) was

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



1 H, 7.89(s, 2 H, 7.81 (s, 1 H, 7.57-7.49 (m 2 H), 7.32-7.28 (m 1 H),
6.35 (q, JA-1478 WO-PCT - 64 - = 5.0 Hz, 1 H, 1.88 (d, J =5.0 Hz, 3 H).
Mass Specwoumo(BEBl4) me = 403.9 (M + 1)- Exanple 7: PreparatSzan/06d9o42
3-ethynyl -1-(1-(6-fluoro-3-(5-fluoropyridin-3-
yl ) qui nol i n- 2- yI)ethyI)-IH—pyrazoIo [3,4-d] pyrimdin-4-amne A m xture of
I -(I- (6f|uoro% %réh[%&ropyridin-&yl) i nolin-2-yl)ethyl)-3-iodol H
pyrazol o[ 3 4Ad]1 Kigr 4-am ne (57.6°ng;, 109 mmol ), copper(l) iodi de (16
mg, 82 mmol), dichlorobis(triphenyl-phosphine)palladium (ii) (19&9

m ne (2 0

ol ) and et ymyl) end iesrhybu lamonion i@l (0.01688 Orﬂﬁlﬁln)lmola n p Exig
m.) and DVF :
Cat bonat o L6 PRV O, B o R PR

mn at rt. The Grh.xAwatl sehgiodiof (NagShOaiit fvatlrwals add@ﬁbltlﬁ@miz?tur&nnltﬂ/\ﬁ]shed with

water, brine, drie uri.ficatio e i du | a

chr ot oot aoiyi Silo SRR rpRREd; The M B AT I GRS exEedthel DG 2 wi 1
. 1% aq. NHAGHterg@ve, 3nec€éﬂ7€b’d‘bhbd PBur flcafibn bF terresidue {yFlash hrormpihiyn- 3

-yI)qU|noI|n2yI eth yrazolo 3, 4-d] pyri mdin-4-am ne. 1H NWR

1)
(DMBO- d6) d 8veeilic ge dzeré eﬁﬁlona - Oz&PméleWe( gvep-fpethd-19 (s, 1 H),

6 55 (a9 = brght® <ﬁl%ﬁay%t%°“§85%§é‘m% E‘@“@ g0 8§32 GBHET 1) s

Spect rum ( Esr7)67r(ﬂ;aj SAPAz91 (M 7r5ixd H=1&7)2Hz\1\0 REB. 19 53 H) X a4mpldé (8, 6

e ot 00 8. ATt SRR iS4 OB THS G 4 am e

A sol utipm ofg ectrurn(ESI)rn/e—448 1(M + 1).
- (I - (6f|uoro (5f|uorop d|n3yl) ui nol i n-2-yl)ethyl)-3-iodol H
pyr azol o[ 3, 41dpinpra- &(ﬁ(me swfopghpyridin-2-yhquinehn) -ylaﬁtﬁumqes niL) was
treated with bis(tri-t- butylphosphlne)palladlun(O) (18 wg, 35 mol),
1- net hyl pyrazol e- 0 N
N O
Na N [
pZ F 7 | o
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 mmol),

15  bis(tri-t-butylphosphine)palladium (0) (98 mg, 0.192 mmol) and 2-(methyl-
sulfonyl)-6-(tributylstannyl)pyridine (858 mg, 1.92 mmol) in 1,4-dioxane (10 mL)
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 gavel-(6-fluoro-3-(6-

20  (methylsulfonyl)pyridin-2-yl)quinolin-2-yl)ethanone. 'H-NMR (DMSO-d°) &
8.92 (s, 1 H), 8.33 (dd, /=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 (d,/=8.0Hz, 1 H), 7.95 (dd, /= 8.0,4.0 Hz, 1 H), 7.86
(dd,J=18.0,4.0 Hz, 1 H), 3.26 (s, 3 H), 2.76 (s, 3 H). Mass Spectrum (ESI) m/e =
3450 (M + 1).



4-boroni c acid pinacol ester (54 ng, 262 nmmol) and sodi um carbonate (2. 0M
0.5 nm, 1.0 mol). The resultant m xture was stirred at 100 OC for 16 h.
The reactwonomvisine was cool ed and diluted with Et O TPhe/usoi@o3vhut i on
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 CH2A 2 with % aq.. NHAOH gave
|- (1-(6- quorAbI%MQ'?Ggropyridi n-3-yl)§binolin-2- yl)ethyl)-3-(I -net hyI
IH-pyrazoI (é)—&:—le(- razol o[ 3, 4-d] pyri m di n-4-am ne. 1H NMR (CDBOD) d 8.

(dd, J = u|9|yo 3-7(6£(me(wlslﬂf&ﬂybpmrlﬂlm-Z-lvl)lq}nnohn%yt)s
7.91(3,1H) by 758(s 1 H), 757746(m2
H, 7347 2?“{”‘%34)% me%"@%"’panzf( Suige , 3.82 (s, | H, 1.92 (d,
J 5.0 Hz, 3 . Mass Sp%ctrum(ESI) me = 483 (M+ 1) .@- 1478 WO PCT -
66 - Exarrpl e 9 Preparat| gn of ,S”K

| -(1-(6-fluoro-3- ey 0 r|mn3y|)qU|no||n 2- N

yl)ethyl)-3-(thiaz
of I-(lI-(6-fluoFo-3<(
pyrazol o[ 3, 4-d] pyri m di n- :
treated with bis(tri -t-butyl phosphi ne) pal I adi um(o) (13 i @h‘)l ),
4-(4,4,5,5- tetranethyl -1, 3, 2-di oxaborol an-2-yl)thiazole (4% 0~ng, 193
mmol ) and so 0 1) j\tant mxture
was stirred %%B&O%qfﬁﬁﬂ%g i Mﬁngdl?%gﬂgﬁngﬁg IJ'{rCLHt?uzr}él) -mgo@g%y d and dil uted
with Bt & Théla’@n@zg@mg, D@ﬁ9mol\)va(s)h(ed-thtﬁylsmdﬁ®mldd3(0 0¥, g,®6G39d and coned.

I\P/EB-I ICEISH gngfrfgﬂ aled t%%{u%l t%tr%é@gxﬁe H) %1 9§r 6}1%13 w1t% molgcldla!lrcs?evgg I, using
| - (1-(6-fl uone-3-0&) fl TIAF mxymm Wzls Btuyéd ghid n@dta:mtoaeﬂh& ﬁirhyda)zs 3The

ethyl) -§-1iodol H
MRS /I L) was

(thiazol - 4y|)-||—|—prazo|o[q:{’, i n-4-am ne. (CD3AD) d 9.15
(d, J = 2.0 Egactipn js qgenshed yifh Wﬁtf‘—r aed éqsteéw&l D@WO n@Lha he guixtyrs 5 0 Hy,
I H), was then filtered through a pad of Celite™ and rinsed with DCM. The combined

10  organics were washed with water, brine, dried and concd. Purification of the

residue by flash chromatography over silica gel, gradient elution, CH,Cl»-EtOAc
(1:1) to CH»Cl»-EtOAc-MeOH (1:1:0.1) gave (R)-N-(1-(6-fluoro-3-(6-(methyl-
sulfonyl)pyridin-2-yl)quinolin-2-yl)ethylidene)-2-methylpropane-2-sulfinamide.
'H-NMR (CD;0D) § 8.78 (s, 0.4 H), 8.62 (s, 0.6 H), 8.36-8.05 (m, 4 H), 7.80-

15  7.65(m,2 H),3.31(s, 1.8 H),3.27 (s, 1.2 H), 3.03 (s, 1.8 H), 2.88 (5, 1.2 H), 0.91
(s, 9 H). Mass Spectrum (ESI) m/e = 448.0 (M + 1).
(R)-N-((S)-1-(6-Fluoro-3-(6-(methylsulfonyl)pyridin-2-yl)quinolin-2-yl)ethyl)-

2-methylpropane-2-sulfinamide

20  To a solution of (R)-N-(1-(6-fluoro-3-(6-(methylsulfonyl)pyridin-2-yl)quinolin-2-
yl)ethylidene)-2-methylpropane-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.



8.06(s, 1 H, 801(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 (g, J =50Hz, 1 H, 2.06 (d, J =5.0 Hz, 3
H) . Mass Wpeotwsm40ESI) nfe = 486.9 (M + 1). Exanpl e 10PCPrusp@oasisen of
-(I-(6-fluoro-3-(5-fluoropyridin-3-yl)quinolin-
2-yl)ethyl)-3-(thiazol-5-yl)-1H pyrazol o[ 3, 4-d] pyri m di n-4-am neA- 1478

WO PCT - -

| -(1-(6- quorAbléig(giqpégropyrldln 3- yl)zl%u nol i n-2-yl)ethyl)-3-iodol H
pyrazol o[ 3, 4-d] pyri m di n-4-am ne 94 mmol )

bis(tri-t- butT)hI@ mmﬁemlrméyur@am @td’rfuimt(% °¢ forg lmihe geadntlmmay qugnghed

5- b |
heat ed 1o’ 110 BCAMHCRAHGIES i Ebit, (T, drgbflosn et BHATE G S ana
diluted wthyGhk (Hrledwﬁ&%bl(cjdo ‘PhtificAh (Hhﬁe &@id‘d& b?ﬂaéf@&rc\ﬁﬁ@tbgqlé it ¥y thwat er and

brine. The organic solvent [ayer was dried and coned. Puri 1on of the

resi due by fSdish gdhg@dmb@n‘am)ﬁszﬁélg E:»IOIAlCdé 1@@1 CHg€iln§tOAc-MeOH
MeOH CH2Cl 2- EtOAcé I\% s; -(6 uor o- 3-(5-fl uo yridin-3-
U1y i ol § e 85510y b RENH(BT A 61Tt Y1 iyt sabonpsrid p gyM o bin- 4- ari n

e' 1|+ ngz( %y%lgﬁ%g ﬁ%&élﬁrfp%ﬁelﬁ éul%ﬁ%l%?de( da)N]Q/IéT@? £i)l?)f ?9 ?—DHé (% 11(}11_9 ( b8 1‘;’( S

H), 7.69-7. 62.34mdd 27 +HR8,0, 8.050z, 1. ¥4 8(21;1-8. 19('1&1,,23)551(1@1,,.]\5:8:05{@%1 1 H, 2.05

d J =50 t ESI) me = 487.1 le 11:

I(Dr epar ation 3f7347%9mrﬁo£/?6(5(§§) Cjwpf%rlé{)sle@ (Fliﬁ oéﬁzrélm b%‘?S”B ©

yI ) qui nol i n- ;Iy}\/pagggyejcﬁru{nl-@gy)rrﬁpeei I RE fo*q% pyri m di ne-3-carbonitrile and
Exanmpl e 12: 4-amno-1-((R)-1-(6-fluoro-3 quoropyrldln 3-yl)quinolin-2-

yl) et hyl 301 H(Py He-dlugre; &c@qmgmywuom)wrwnw»qmnol@-Z-yl)ethanamme
4- Am no- | Hpyrazol of 3, 4-4l] pyri m di ne-3-carbonitrile A m xture of
3-iodo-I| H pyrazol o[ 3, 4- d‘];.p,Ki mdin-4-amne ( 1.04 g, 3.98 mol ),

HN H,
N

N\ J o
O = N 1t
= N I F S
F A\
/S / N
/ I~ ] 0O

To a solution of (R)-N-((S)-1-(6-fluoro-3-(6-(methylsulfonyl)pyridin-2-yl)-
quinolin-2-yl)ethyl)-2-methylpropane-2-sulfinamide (157 mg, 0.349 mmol) in
MeOH (20 mL) was added HCl 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 EtOAc. The organics were washed with water, brine, dried and
concd. Purification of the residue by flash chromatography over silica gel,
gradient elution, 0-10% MeOH-NH4OH (10:0.05) in CHyCl;, gave (S)-1-(6-
fluoro-3-(6-(methylsulfonyl)pyridin-2-yl)quinolin-2-yl)ethanamine. "H-NMR

20 (CD;OD) 0 8.47 (s, 1 H), 8.34 (dd, J = 8.0, 8.0 Hz, 1 H), 8.22-8.18 (m, 2 H), 8.09
(d,/=8.0Hz, 1 H), 7.73-7.64 (m, 2 H), 4.71 (q,J=8. 0 Hz, 1 H), 3.30 (s, 3 H),
1.48 (d, /= 8. 0 Hz, 3 H). Mass Spectrum (ESI) m/e = 346.0(M + 1).



zinc cyanide (515ng, 4.38 mml ), tris(dibenzylideneacetone)di palladium (0)
(182 ng, 0.199 mmol) and

di chl or o[WQI20t0iss74di phenyl phosphi no) f errocene] pal | adi umpPCIriUS20QNB®dZ uct
(292 nmg, 398 mol) in DVF (10 nL) was heated under N2 at 120 OC for 3.5 h
cooled to rt, and coned. Purification of the residue by flash

chromat ogr ap y'Lé) eév S'BI 'gca gel, gradient_elution, 0-10% MeOH in CH2C 2 ,
gave 4-am no“ %y &58C [ 3,4-d] pyrimdine-3-carbonitrile. 1H NVR ( DMSO d6)

d 8.29 (s, 1 H. Mass Spectrum (ESI) me = 161. 1(M + 1). A-1478 WO-PCT - 68
(S) 4-Amino-6-(1-(6-fluoro-3-(6-(methylsulfonyl)pyridin-2-yl)quinolin-2-

4- Am no- | - r 3-yl)quinolin-2-yl)ethyl)-IHpyraz
olo [3,4- d] Mzﬁ%}@)@ car({){l)ﬁlgtcgwgﬂlﬁm@a sol ution of

4- am no- IH—pyrazoI o[ 3, 4-d] pyri m di ne- 3- carbonltrllrdi-lg(GONrrg, 374 mol) in
DMF (2.0 niL) was ag%ed sodi um hydri de (60% dlspe 'n mneral oil, (16
ng, 412 mmol) at 0 € The resulting m xture was st||rred at rt for 10 mn.
To the m xture was~adg (g0l utiaon of 2-(1-chlo ¥L) - 6-fl uor o- 3-(5-

fl uoropyri di n- 3-yl ( 114.1 ng, 374 mmol) in:DVF, (1.0 nL) and the
m xture was stir ' ‘ 5
triturated with
4-am no- |- (I-(6-4lluoro-3-(5-fluoropyridin- 3 -yl)qinglin- 2-V1)dthyl)-
1H pyrazol o [3, 4>8Fpyrimi dine-3 -carbonitrile was sl
4- Ami no-1-((S)-1-(6-fluoro-3-(5-fluoropyridin-3-ylgqui noIin 2-yl)ethyl)-1Hp
yrazol o[ 3, 4-d]pyri m di ne- 3- carbonltrlle and 4-am no~b-((R)-I-(6-fluoro-3-

(5-fl uoropyridin- 3- y|)%l:l i nol i n-2-yl)ethyl )-IH- yr.azol o[ 3, 4- d yrlmdl ne- 3-
car boni tri | e AopsRuisRf (Q)-{{6-flgoro-3rkp-gmathylsslforyl ﬁéﬁy@ yhfwne! i 2A1-

(%'6) qui nog: n e%a){éﬁn%*@% | mﬁ%ﬁ%@é%g -t TR 6y AR B carbaiiagi trile
(38 1 mg, O 246 rnrnol) and N-ethyl-N-isopropylpropan-2-amine (47.2 uL, 0.271
mmol) in BuOH (20 mL) was heated to 110 °C overnight. After cooling to rt, the

mixture was concd. Purification of the residue by flash chromatography over
silica gel, gradient elution, 0-10% MeOH in CH,Cl;  gave (S)-4-amino-6-(1-(6-
10  fluoro-3-(6-(methylsulfonyl)pyridin-2-yl)quinolin-2-yl)ethylamino)pyrimidine-5-
carbonitrile. "H-NMR (DMSO-d%) & 8.59 (s, 1 H), 8.36(dd, J = 8.0, 8.0 Hz, 1 H),
8.16-8.09 (m, 3 H), 7.90-7.86 (m, 2 H), 7.78 (dd, /= 8. 0,4.0 Hz, 1 H), 7.55(d, J
=8.0Hz, 1 H), 7.28 (br, 2 H), 6.04 (m, 1 H), 3.44 (s,3H), 1.42(d,/J=8.0Hz, 3
H). Mass Spectrum (ESI) m/e = 464.0(M + 1).
15  Example 14: Preparation of (S)-N-(1-(6-fluoro-3-(pyridin-2-yl)quinolin-2-
yDethyl)-9H-purin-6-amine and Example 15: (R)-N-(1-(6-fluoro-3-(pyridin-2-
v quinolin-2-yl)ethyl)-9H-purin-6-amine
Tert-butyl 3-0x0-4-(pyridin-2-yl)butan-2-ylcarbamate

o

20  n-Butyllithium, 2.5M solution in hexane (12 mL, 29 mmol) and lithium bis(tri-

methylsilyl)amide (102 mL, 102 mmol) was added drop-wise to a solution of 2-
pyridylacetic acid hydrochloride (5.07g, 29 mmol) in THF (100 mL) at -78 °C
under N,. The mixture was stirred at -78 °C for 30 min, then N-(tert-butoxy-



subj ected to chiral HPLC resolution (Chiral pak I A colum, 30 x 250 nm 5
nmm, using 15% i sopropanol in hexane as eluent, which gave

4- am no- IWO(28)0/151746- A- 1478 WO- PCT - 69 - fluoro-3 -(5 -PCuaseqpposasn- 3
-yl)quinolin-2-yl)ethyl)- 1H pyrazolo [3,4-d]pyrimdine- 3-carbonitrile,
the first fraction collected with 99% ee at 254nm and 4- amno-1 -((R)-I

-(6-fluoro-3-(5- ridin-3-yl)quinglin-2-yl)ethyl)-IHpyrazol of
3,4-d]pyrim @ii‘ﬁ%@?ﬁﬁm trile, the s'e%)hd fraction collected with 99% ee
at 254nm 1H NWVR (DVMSO-d 6) d 8.34 (d, J = 5.0 Hz, 1 , 8.24 (s, 1 H,
8.24- 8.18 (nprbeny)-l-aRning nidshyl cstepf6 g.8£91m0mped in THHE) (20 migewas aged djop3 H) ,
6.62 (q, J =.5.0 , : TN - : m (ESI)
v = 4201 (RS T el Ehepdads S tadoRereRbndintbold Wi RARERLY

(S) - 4- am no- Gloflly (Getf Thearactidn (bix(ure iMay hasiddonytl Water and brine, dried, then

pyridin-2-yl)quinolin:2-yl)ethyl am no i mdine-5-carbonitrile

DY it hy 1 pi 555et Cbiachidn b e oy B! Mo 6 P i e

6-f 1 uor 0- 2- ( fgfddist ¥husibarnyd)oRBOAic ie hé&:anB0 givle, tek Dul1 BraXo)4-gigidsRe um

t hi omethoxide (1.0 g, 14.3 nmol) in |-methyl pyrrolidin-2-one (10 nl) was
heat ed at 140Db@angryloabamatthel MRS WHdz, DM Mo td Bdo ddd. w61, EB8 O and
washed with ter } dci,e d n T i rif{ ed by
flash chrona ozgf?aH hz)ﬁ%@(gdr’ nggioi g‘%%gzeﬂ?Bg?'géﬂe%f(“éf%‘g3@,1\1%-6%(%3%1é{1hc in
hexane, whi cB.9%as B),(1In¥t By9 Hhj D) 7 6, (=5.08ul Yy H3t dMusy BpqeymuidiBE$E) mid+ NVR
(CD30D) d 7. (lt % =50H, 1 H, 7.25(d, J =5.0 H, 1 H, 7.08 (d, J
=50 H, 1 28?- AMEl)s 3 H, 1.69-1.55 (m 6 H), 1.43-1.32 (m 6 H), 1.15
(t, J = 10. 0 HAmihotH flubrophehihmdthiandP. O Hz, 9 H). Mass Spectrum (ESI) nle
= 416.0 (M + 1). 2-(Methylsultonyl)-6-(tributylstannyl)pyridine A solution
of potassi um per mangana @1 1g, 57.6 mol) in wate?t (100 n) was added
to a solution of 2-(nethylthi ?_?-6-(tri butyl stannyl ) pyri gjne (1.99 g,

4. 80A-1478 WO-PCT - 70 - NH> 2

E 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 wise 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, I 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-fluorophenyl)methanol was directly used for the next reaction: 'H NMR
(400 MHz, DMSO-ds) 6 6.91 (dd, J=8.0, 4.0 Hz, 1 H), 6.77 (ddd, J=8.0, 8.0, 4.0
Hz,1 H), 6.59 (dd, J=8.0, 8.0 Hz, 1 H), 5.12 (t, /=4.0 Hz, 1 H), 4.75 (s, 2 H), 4.35
20 (t,J=4.0 Hz, 2 H). Mass Spectrum (ESI) m/e = 142.0 (M + 1).
2-Amino-5-fluorobenzaldehyde
OH

O
HoN HoN

To (2-amino-5-fluorophenyl)methanol (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.
LCMS showed completion of the reaction. Filtration on a pad of Celite™ and

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



mol ) and tetra-n-butyl anmoni umi odide (0.018 g, 0.048 nmmol) in a mxture
of acetic acid (10 nL), and benzene (80 rnL). The reaction m xture was
stirred aworn10iGi746 h. A satd solution ONa S O in wat ePCras2@dde®42 o t he
m xture until the purple color disappeared. The m xture was diluted with
Et OAc and washed with water, brine, dried and coned. Purification of the
resi due by fl ography over SI!; ca gel, gradient elution, 0-50%
Et OAc in hexdh 22789@%@%( rret hyI sul f onyl % 6- (trl but yl stannyl ) pyri di ne.
1H—NI\/R(CDC13)d 82(t, 8.0 Hz, 1 H), 7.67 (d, J =8.0 Hz, 1 H, 7.55
(d, J 80u%@@mwmbm@m@g@mwwm$m%Mgwmmﬂwmﬂﬂw%m@ﬁ(m 6
l(_DEéI ;I' 9718 e( t: geXfPRﬁg@'}_e‘z%-ameS-ﬂuoro%elgzaldelllyd'e &?PNKJFR (AR)OI_IQ/IHZ I\@%Oggs %t rum

| - (6- Fl uoro- 37(86(s(1rrﬁ§ f’vngscahfwd))mmdl H?Z?Bd?dddlﬁa%l@fx(?tmtl)zet hgnone A

m xture of 2-ac | uor oqui nol | uor onet hanesul fonate (778
ng, 2.31 mol/)00 (bét2rlé)<i637(8t(ﬂiiMT&rﬂ/HFS)rﬁépthhel)da&ﬂ nsgirum(BSDez Y. 1 0. 192
mol ), bis(tyirtqp utyI phosphi ne) pal | adi um (0) (98 ng, 0.192 mmol) and
2- (et hyl sul f(onyl 6-(tributyl stannyl)pyridine (858 ng, 1.92 nmol) in

4- di oxane (tqrchrLtyl We(6-therosd(pysidin-2-Wguinelin-2 D efhylcabamans t er cooling to
rt, and renoval of the solvent was followed by purification ofy the residue
by flash chromat ography over silica gel, gradient elution, 0-}](\)0% tOAC in
hexane, it gav I-(6f|uor03(6- "é

(et hyl sulfo ) qui nol i AL NVRADMSO-d 6) d

8.92 (s, 1H)08 8.0, 84 . 3—8.0Hz, 1 H,
8.24(dd J—8\p .0 Az, N1 H), g 95 (dd, J =
8.0, 4.0 Hz, . 7.86 (dd, J = , 2.76 (s,

3 H. Mass Spectrum(ESI) me = 345 0 (M+ 1) A- 1478 V\DPCT -
(R - N- (I - (6- Ahyafietude ¢fetrBrth Bl 4-oayidip sy Buan 2-yich@unae! R 11-2-191 ) -

mmol), 2-amino-5-fluorobenzaldehyde (1.43 g, 10 mmol) 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 elution, 0-100% EtOAc in hexane, gave
tert-butyl -1-(6-fluoro-3-(pyridin-2-yl)quinolin-2-yl)ethylcarbamate. 'H NMR
(500 MHz, DMSO-ds) 6 8.75 (d, J=5.0 Hz, 1 H), 8.38 (s, 1 H), 8.13 (dd, J=9.3,
15 5.0Hz, 1 H), 8.01 (ddd, /=9.3, 5.0, 2.0 Hz, 1 H), 7.85 (dd, J=9.3, 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, 3 H). Mass Spectrum (ESI)
m/e =368.1 (M + 1).
1-(6-Fluoro-3-(pyridin-2-yl) quinolin-2-yl)ethanamine

o)
HNJ\O% NH,
N
N N
N
2
X
F Z AN F |
I NN
N

20
The mixture of tert-butyl 1-(6-fluoro-3-(pyridin-2-yl) 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



et hyl i dene) - 2- net hyl propane- 2-sul fi nam de A sol ution of

| - (6-fluoro-3-(6-(nethylsul fonyl)pyridin-2-yl)quinolin-2-yl)- ethanone (220
ng, 0.63wWonnlo151p) - (+)-t-buthyl sulf nam de (0.077 g, @CEAB20m0wBI4ANd
titaniumtetraethoxide (0.264 niL, 1.28 muol) with nol ecul ar sieves 4A (
1.0 g ) in THF (30 nm.) was stirred and heated to reflux for 4 days. The
reacti on was g ched with water and dth7 ted wwth DCM (30 nL). The m xture
was t hen fiIlAis\hjzgﬁg Bldh a pad of Celi é(tr’r) and rinsed with DCM The
conbi ned organics were washed with water, brine, dried and coned.

Pur i 11 ficati Ion ngf. The rqagkoroimextivg Wasa;@hcctmddithtt@gwélp PNy ey mdi) iTba DgaM,
g;\?el ?g; i ﬁ_ ?Fblﬁ?gm %’_%8’%&9 vﬁ%h%? I‘ge%l{@ﬁkfat%n% anegalgab@onlyﬁ%&%dje 0.1)

pyri di n- 2-yl Jebifhoro3-(Byydinet- ynlyhunhehe-)Z—ﬁ)thmhrm dHaNM—RZ@QOIMHm,am de

e e VSO 8 s R a4tz D 8 53, 1D, b (g P S d St ilfe m
2. 88 oL ¢} I
I(R) N(?(s |-E@e(s)(|‘:1 %()Jrg(ogg(064?)rr%zth |):ZI§?§§&{W0€E§|%Z- . 77{3@0&5} 2. yI)et hy

)- 2-nmethyl ﬁzopérhemmq ﬂr&@n‘ﬂﬁé{ﬂéf&) %éPtﬁdd =80, §.8)4. N—HZLIH) 4.41-
6-fl 3
yi yetnyi1 dendy A ket PpAdREREb PG (b e S " ey SHmEn e (10

m.) at -78 O@MSl@ddeld L selectride (1.51 rrL 1. OM 1.51 nmol)

dr op-wi se. A- 14 PCT - 72 - resuy) e was_stirred at -78 0C
For 4 . - The Y Uar Tl asoafdinAapapmameZe et duifar piniet " th & onc.
The organics were washed with water, br| ne, dried angnegned. Purification

of the reS|due By, fl ash chromatography over silica gg Ngradl ent el ution,
; - Et-Qfc- MeOH (5:5: 0. 5, ave(R) N((S)-

yNdln 2-yl ) qui noN NH
k |N\
DOt
N

10

A mixture of 1-(6-fluoro-3-(pyridin-2-yl) 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 uL, 1.980 mmol) in BuOH (20 mL) was heated
at110 °C overnight. After cooling to rt, the mixture was concd. Purification of

15  the residue by flash chromatography over silica gel, gradient elution, 0-10%
MeOH in CH,Cl, gave N-(1-(6-fluoro-3-(pyridin-2-yl)quinolin-2-yl)ethyl)-9H-
purin-6-amine. "H NMR (500 MHz, MeOH-d4) § 8.74 (d, J=5.0 Hz, 1 H), 8.32 (s,
1H), 8.27 (dd, /=9.3, 5.0 Hz, 1 H), 8.16 (s, 1 H), 8.14- 8.08 (m, 1 H), 8.00 (dd,
J=9.3,0.5Hz, 1 H), 7.78 (d, J/=5.0 Hz, 1 H), 7.71-7.62 (m, 2 H), 7.52 (dd, J=9.3,

20 5.0Hz, 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 + 1).



2-yl)ethyl)-2-nethyl propane-2-sul fmam de. 1H- NVR (CD3OD) d 8.49 (s, 1 H),
8.34 (dd, J =8.0, 8.0 Hz, 1 H), 8.22-8.19 (m 2 H), 8.10 (d, J = 8. 0 Hz,
| H), 7. Asozou5{rep 2 H), 5.30 (g, J = 8. 0 Hz, 1 H), 1PT2/USAQ10839948. 0 Hz,
3 H, 1.13 (s, 9 H. Mss Spectrum (ESI) me = 450.1(M + 1).

(S)-1-(6-Fluoro-3-(6-(nethyl sul fonyl)pyridin-2-yl)quinolin-2-yl)ethanam ne
To a solutio f_ (R - (S)-1-(6-fluoro-3-(6-(nethylsul fonyl)pyridin-2-yl)-
qui nol i n- 2-y%‘gﬂ§yﬁ0-'g-g&et hyl pr opane- 2- gﬁrfi nam de (157 ng, 0.349 mmol) in
MeOH (20 nL) was added HCO in dioxane (873 nm, 4.0M 3.49 mmol). The

m xture was $S;Nr@dodtlupro-3-gpyridin-2-yheuinolin2rd)ethy)-Obnpuaringnaminee resi due

di l uted w A . ' . ' dried
s Sonau: - pUrHTREYE e A0S CLORNAR SRR ITREE AT OB e AR O,
gel, gradient %&l on, 0-10% MeOH NH 4@d10:0.05) in @HAC 2 , gave
2 N N
tl

(S)-1-(6- N Z 3
f1 uoro-3- (6- (lgetlayl sul fonyl ) pyri di n-Z-&I]qui nol i n- 2-y} ) et hanam ne. 1H NWVR

(CD30D) d 8.47N(sNH1 H), 8.34 (dd, J ="@7Onu8.0 Hz, 1 ,NBL 22-8.18 (m 2
H, 8.09 (d, J =8y 1H, 7.73-7.64, . 4.71 =8. 0 Hz, 1
H, 3.30 (s, 3 , , J =8 0 Hz, 3 S Spectru me =

346.0(M + 1). A{1478 CTF- 73 -
(S) - 4- Ami no- 6- (+={'6-f | uor o- 3- (6- (et hyl SuLkbnyl ) pyri di
yl ) et hyl am no) pyri m di ne-5-carbonitrile A m xture of (S)-I
-(6-fluoro-3-(6-(nethylsul fonyl)pyridin-2- @l-& ui nolin-2-yl)- ethanam ne

(85.1 ny,50. 246l- P¥0-ﬁ-(mﬁdﬁm2&1m11®ﬂ1@p%ﬁ’% %Dﬁél-@faaﬁbtmﬁletwﬁﬂ b 38. 1 ny,

0. 246 nmol ) | =N - 2-am ne mol ) in
ot (20 ) Thie h b e AEBREOPSPRRLC AT} R ihs fo Rt JoibnTe
m xture was GdpeddinPuyl)duisalin-Diyothyt)FE-pesn-Geeaniny: 'HINNIR @06 0z, 0gr aphy over
silica gel, gradient_elutjon, 0-10% MeOH in CH2dO ,gﬁve
(S) - 4- ani no- _A($O(d@)8 8.77 (br, 1 H), 8.44 (s, 1 H), 8.21 - 8.15 (m, I'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
10 H),7.50 (br, 1 H), 6.00 (br, 1 H), 1.47 (br, 3 H). Mass Spectrum (ESI) m/e =
386.0 (M + 1); and (R)-N-(1-(6-fluoro-3-(pyridin-2-yl)quinolin-2-yl)ethyl)-9H-
purin-6-amine: '"H NMR (500 MHz, DMSO-ds) § 8.77 (br, 1 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, 1 H), 7.86
(dd, /=9.3,5.0 Hz, 1 H), 7.80 (d, /=9.3Hz, 1 H), 7.76-7.68 (m, 2 H), 7.50 (br, 1
15 H), 6.01 (br, 1 H), 1.48 (d, J/=5.0Hz, 3 H). Mass Spectrum (ESI) m/e = 386.0 (M
+1).

| ) qui nol i n- 2-

Using the same or analogous synthetic procedures and substituting with

appropriate reagents, the following compounds were prepared:

Example 16: Preparation of N-(1-(6-fluoro-3-(pyridin-2-yl)quinolin-2-yl)-
20  ethyl)pyrimidin-4-amine

N-(1-(6-Fluoro-3-(pyridin-2-yl)quinolin-2-yl)ethyl)pyrimidin-4-amine. '"H NMR
(500 MHz, DMSO-dg) & 8.72 (d, J/=5.0 Hz, 1 H), 8.38 (s, 1 H), 8.18 (br, 1 H), 8.12



fl uoro-3-(6-(nmethyl sul fonyl ) pyridin-2-yl)quinolin-2-yl)ethyl am no)pyrimdin
e-5- carbonitrile. 1HNWR (DVMSO-d6) d 8.59 (s, 1 H, 8.36(dd, J =8.0, 8.0
Hz, 1 H ,w8.208/8B1139 (m 3 H), 7.90-7.86 (m 2 H), 7.78 @du/usdorw/o94D, 4.0
Hz, 1 H, 7.55(d, J =8. 0Hz, 1 , 7.28 (br, 2 H, 6.04 (m 1H, 3.44
(s, 3 H, 1.42 (d, J =8 0 Hz, 3 . Mass Spectrum (ESI) mle = 464.0(M +

H)
1). Exanpl e 14: i f
()S) N ?FP(E- #1%&%%% i n- 2-y1)qui n&¥ i n-2- yl)ethyl)-9H purin- 6-ani ne

and Exanmple 15: (R -N-(I|-(6-fluoro-3-(pyridin-2-
yl ) qui nol i n- Qd(ilV‘f@-t3h§/-p§ﬂzgﬁ-l—fb)u?i%-(@d,a’ﬁ'éﬂéﬁ'éizt 1 But %93 (d, /=5.0 Hz, 1 H),

3- 0x0-4- (pyri-di - teans 2- t ’ i thi M;sohkution in
nexane (12 ml: ey S M TR TR R Uy S e a0y 02
mmol ) was addedHdrlog), . 2ebt,d 1), dol7utdi H+b.@Hfz, 3- HpyMash/SrecetmndESDimle =

hydr ochl ori d§4$5. &J}g, 29 mmol) in THF (100 nL) at -78 OC under N2. The

m xture was Str- |‘( ER -78 0OC for 30 mn, then N-(tert-butoxyA- 1478 WO PCT
- 74 - casbomgahrple 8f :aPvepardatRinhofl N@1g6-Rre3-@9ridimbylguinotn-1-20 rnL) was
added dropwi se. The resultant m xture was stirred overnight and the cold
bath was war ¥DEtDRYrinidinerd,6-digigineeact j on mi xture was washed with water
and brine, dried, then coned. Purification of the resigue by flash

chromat ography over silica gel, gradient elution, 0-21Q0% Et QAc i n hexane,
gave tert-butyl 3-oxo-4-(pyridin-2- yl)butan-2-yl calbaijat e. 1UNMVR (500 MHz,
DVBO d6) d 8.46Ndd, J=5.0, 1.3 Hayhl H), 7.72 (dd, Sebe@, 1.3 Hz, 1 H),
7.25-7.23 (m N 1-4.06( H, 396 (s 2 H, 1]37,(s, 9 H, 1.17
(d, J=5.0Hz, 3H)| Spectrum(E®l) me = 265.1 (M

(2- Am no- 5-fl|u6r ophényY’) mét hanol kI’ ei@am no-5-f | uor ob
mml) in THF mL) lithium

2.0 g, 13

N4-(1-(6-Fluoro-3-(pyridin-2-yl)quinolin-2-yl)ethyl)pyrimidine-4,6-diamine. 'H
NMR (400 MHz, DMSO-ds) 6 8.73 (d, /=4.0 Hz, 1 H), 8.34 (s, 1 H), 8.11 (dd,

10 J=9.2,4.0Hz 1H),7.98 (ddd, /=9.2,9.2, 1.8 Hz, 1 H), 7.82 (dd, J=9.2, 4.0 Hz, 1
H), 7.77 (d, J/=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, /=4.0 Hz, 3 H). Mass Spectrum (ESI) m/e =
361.1 (M +1).
Example 18: Preparation of N4-(1-(6-fluoro-3-(pyridin-2-yl)quinolin-2-

15  yDethyl)pyrimidine-4,6-diamine

NH,

NH, NH, N N

: X L
| X N7 |N N NH
_—
| N P4 F MCI | N\
N
= | N _ -
~N

N4-(1-(6-Fluoro-3-(pyridin-2-yl)quinolin-2-yl)ethyl)pyrimidine-4,6-diamine. 'H
NMR (400 MHz, DMSO-ds) 8 8.55 (d, /=4.0 Hz, 1 H), 8.14 (s, 1 H), 7.89 (dd,
J=9.2,4.0 Hz, 1 H), 7.78 (dd, /=9.2,9.2 Hz, 1 H), 7.63 (dd, /=9.2, 4.0 Hz, 1 H),

20 7.57(d,J=9.2Hz, 1 H), 7.49 (ddd, /=9.2,9.2, 4.0 Hz, 1 H), 7.33-7.24 (m, 2 H),
5.55 (br, 1 H), 5.31 (br, 2 H), 1.23 (d, J/=4.0 Hz, 3 H). Mass Spectrum (ESI) m/e
=361.1 (M +1).



al um num hydride (0.73 g, 19 mmol ) was added portion wise at 0 0OC. The
resulting mxture was heated to reflux for 1.5 h. After the reaction

m xture WO 200015ed0to rt, 1nl of water, 1nL of NaOH (| Npcarus2@om89%f wat er
were added. The resulting m xture was filtrered, rinsed with Et20, and
coned. The residue, (2- am no-5-fluorophenyl)nethanol was directly used for
the next reaction: (400 MHz, DIVIS db) d 6.91 (dd, J=8.0, 4.0 Hz, 1
H, 6.77 (ddd" 1‘3%“’3511’?%, 4.0 Hz, 6.59 (dd, J=8.0, 8.0 Hz, 1 H),
5.12 (t, J=4.0 Hz, %475 S, H), 4.35 (t, J=4.0 Hz, 2 H. Mass
Spect rum ( Esﬂ*)xampée B9: p@rﬁ(tmnwfﬂyammomm Qllf)m:&-r(Dmdlzlal-GBﬂymélﬂlo

(2-am no-5-flt : VA _ manganese
di oxi de (4. 423’6%%3%4)??%#?%}% a%‘h rlge Jmﬁ? {(% QSBV%V{; &Eﬁlgirlr%z and under
oi | punp vacybquinelin®- yri)ahylmnohﬁdigdrdmgrmﬁdlmﬁc:u’rlioniteilie at rt overnight.

LCMS showed conpl etion of the reaction. Filtration on a pad of Celite(tm
and rinsing wt foIIo d py renovalwiof the sol ve ,Npurlflcatlon of

t heA- 1478 WO PCT |- = 1 by flash/ Airat ogr aph er silica gel,
gradient elu cin hexan g ve 2-ani nols- JJor obenzal dehyde
1H NVR (400 DIVBOd 6) ¥ 978 (s LT 39 (dd, 1 H,
7.23 (ddd, J=8.0, 8.0,4.0Hz 1H), 700(br, 6.78 d| 0, 40Hz

1 H). Mass Spectrum (ESI) 140. 1 (M £l < But yi\
-1 -(6-fluoro-3-(pyridin-2uy| qU| nol i n- 2- yl) t hyl car bamat e.xThe m'xture of

tert-butyl 3-oxo-4-(pyridi 1) but an- 2- y¥car bamate (2.7 g, 10 nmol),
2-am no- 5-fl uor obenzal dehyd 1.43 ¢ nmml ) and pot assi um hydr oxi de

(333 0 DMy B3-S ATE Ao N o gy T o
[)55]‘3: ;!sﬂg M XL RS lﬁ%ﬂ\/lﬁd@b@Mﬁz,?ﬂ\%é%FS'8.7'?‘{8,'P4%‘ﬁk,°1”H5’,f8.M‘&, {esidue
H), 8.07 (dd, J=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, J=9.2, 4.0 Hz, 1 H), 7.78-7.72 (m, 2 H), 7.48(ddd, /=9.2, 9.2, 1.8Hz, 1
H), 7.26 (br, 1 H), 5.92 (br, 1 H), 1.30 (d, /=8.0 Hz, 3 H). Mass Spectrum (ESI)
10 m/e=386.0M+1). 4-(1-(6-Fluoro-3-(pyridin-2-yl)quinolin-2-yl)ethylamino)-6-
hydroxypyrimidine-5-carbonitrile was obtained: 'H NMR (400 MHz, DMSO-ds) &
8.74 (d, /=4.0 Hz, 1 H), 8.48 (s, 1 H), 8.29 (d, /=9.2 Hz, 1 H), 8.10 (dd, /=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, J=9.2, 4.0
Hz, 1 H), 7.80-7.73 (m, 2 H), 7.50 (ddd, J=9.2, 9.2, 2.3 Hz, 1 H), 6.02 (br, 1 H),
15  1.35(d, J/=8.0 Hz, 3 H). Mass Spectrum (ESI) m/e =387.1 (M + 1).
Example 20:
1-(6-Fluoro-3-(pyridin-2-yl)quinolin-2-yl)ethanon

o
0 @\ JJ N
N ~ N
= N7 “sn —_— -
= F X
F OTf N| _

A mixture of 2-acetyl-6-fluoroquinolin-3-yl trifluoromethanesulfonate (2.0 g, 5.93
20  mmol), tetrakis(triphenylphosphine)palladium(0) (0.343 g, 0.297 mmol) and
tributyl(2-pyridyl)tin (2.62 mL, 7.12 mmol) in 1,4-dioxane (30 mL) was heated to
110 °C under N, for 5 h. After cooling to rt, removal of the solvent, and
purification of the residue by column chromatography on silica gel (EtOAc/hex-

ane, 0:1 to 1:3) gave 1-(6-fluoro-3-(pyridin-2-yl)quinolin-2-yl)ethanone. 'H



chr omat ogr aphy over silica gel, gradient elution, 0-100% Et OAc i n hexane,
gave tert-butyl -1-(6-fluoro-3-(pyridin-2-yl)quinolin-2-yl)ethylcarbamate.
1H NVR (590 2vHiz151TVSO- Ct 6) d 8.75 (d, J=5.0 Hz, 1 H), 8P83/USQ10DH34942 8. 13
(dd, J=9.3, 50Hz 1H, 801 (ddd, J=9.3, 5.0, 2.0 Hz, 1 H, 7.85 (dd,

J=9.3, 50 Hz, 1 H), 7.75-7.70 (m 2 H, 7.50 (ddd, J=5.0, 5.0, 2.0 Hz, 1

. 7,00 (d, . 5.34-5.27 , 1.32 (s, 9 H), 1.28 (d.
H):.s Hz,(3 1§?\§aﬁ’§é€ctrum(E§l) rﬂ'(e 3681(M+(1) K (

J=9
| - (6- Fl uor o- 3 (pyridin-2-yl) quinolin-2-yl)ethanam ne The m xture of
tert-butyl I$@6Rﬂnmbhﬁiﬁlﬂmw@kﬁ)&823f$ﬂIﬁnBﬁ@KﬂnﬁﬂLWH& et dafddamat e (600

i rred ot rorbor dBtad ORSE Bt S-S0 18, DR Be) 0TS

m., 38.9 mmﬂﬂ24 1addedsat, I M swhs ec@lm(EBNgnas2gonivnrupd for anot her
10A- 1478 V\n!}PCTV@-a[’is a}qipl mg. T)e reascr:l%l on m(xtlt}re was coéned Fé)gd diluted with

DCM (15 ni L) I- (ﬁ‘ﬁal“W%Wﬂ@inohyaﬂglwgﬂeﬂ)wlﬂwlsat NaHCCh, water, brine,
dried and coned to prOV| de lo(6-fluoro-3-(pyridin-2- yI) OH
qui nol i n-2-yl ) et hana 1HINVR (400 MHz, DVSO-db) d 8,74 .(dd, J=4.0 Hz,

IH), 8.34 (s, 1 H), #d, J=8.0, 4.0Hz, 1 H), =8.0, 8.0,

4.0 Hz, 1 H, 7.82 4.0 Hz, 1H) 7.7 L, 1 H, 7.68
(dd, J:8.0, 4.0 HZ, .ﬂ9\1ddd J=8.0, 8.0, 4.0 Hz, 4.41- 4.36
(m 1 H,52.22 (br, 64 d, J=8.0 Hz, 3 H). Mass Sp&etfum (ESI) nme

N (1 (6- Ghe S ByaPd mdw%'éiu.%}ohﬂ YR 2 8RBul P2 BUARH He A

m xture of |1¢ﬁ: UQEPyﬁnﬁ@%thy@D@nﬁkX4&6m%@HUB33mebv&khﬂ&aﬂhﬁﬁ (441 ny,
1. 650 mmol), | or o- 9H purin

N et hyl - N-i séﬁbﬁéwltbwgdﬁléﬁne wagﬁnﬁ%d ﬁogggl rﬁ_ltra‘ilof})Sﬁth%P‘Bur‘?ﬂn Beese{ 20 nl) was

heat ed 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)ethanol. 'H
NMR (400 MHz, DMSO-ds) 6 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, /9.2 Hz, 1 H), 7.56 (ddd, J=9.2,9.2, 2.0 Hz, 1 H), 7.35 (ddd, J=9.2,

15  9.2,4.0Hz, 1H),5.31(d,/~4.0Hz, 1 H), 5.02 (q, /<4.0Hz, 1 H), 1.19 (d, /=4.0
Hz, 3 H). Mass Spectrum (ESI) m/e =269.0 (M + 1).
2-(1-Chloroethyl)-6-fluoro-3-(pyridin-2-yl)quinoline

Sulfurous dichloride (0.058 mL, 0.792 mmol) was added to 1-(6-fluoro-3-(pyr-

20  1idin-2-yl) quinolin-2-yl) 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-



atl 10 OC overnight. After cooling to rt, the m xture was coned.
Purification of the residue by flash chromatography over silica gel,

gr adi ent wbDupioons1740- 10% MeCH in CH2A 2 gave PCT/US2010/039942
N-(l-(6-fiuoro-3-(pyridin-2-yl)quinolin-2-yl)ethyl)-9Hpurin- 6-am ne. 1HNWR
(500 M—lz NEO—I—d4) d 8.74 (d, J=5.0 Hz, 1 H, 8.32 (s, IH), 8.27 (dd,

J=9. 3, 6 (s, 1 H, 8.14- 808 (m 1 H, 8.00 (dd, J=9.3,
05Hz, #ﬁ@"(bgcﬁ‘som H)'87171762(m 2 H), 7.52 (dd, J=9.3,
50Hz,1H),609 (m 1 H), 1.56 (d, J=5.0 Hz, 3 Mass Spectrum
(ESI) me gglgr@tl(ypm 6rf111prqe\3 ;(pyﬂgillq{@:p);gpmolme THNMR (400 Hz DMSO-ds)

(

a

(

- (6 B0y @73 P 1% B B Y e O R9h -8 Y LU Rty - o- i me

(
(I-(6- nglgmozadﬁyrlHbm%c&h}mml(»HZZrHR)milylﬂﬁ&FemrwsG ani ne
(6- Fl uor gﬁ yl ?&Hw nol i n-2-yl) clé]y bgurl n- 6- am ne was
b jected t&ddhiTaR. $ephf &z biD(¢-El Lax30 Himlddl difs)(de-5-4d 8o 1D -(S) - N- (1

S) -
d
) -

j
6-fl thyl)-9H 6- ami 1H NMWR
00 M‘iif@mé%’é%é%@ﬁ“?WQ%W*W(e B o e s (1 .
5.
)

N

n

N
R) - N

N- (I
Su
- (
5
11 (br, 2 ($)-4-ABnine-1-6r-(6-fluefo-3-tp 8 1dia Pyl quig olin-25y Iipthid)- 1H-pyrazolog2 (d,
0 He, 1. 47
>0 FQ 4-(@%% {Iljdlgg g&@y@ﬁpﬂe a@@{)ﬁap{.w& @(1 & f@gré B pydiaid-2-

, 3

N (-
NMR (5
Hz, 1

b
R (6- fyl)qohmhii 1pmﬂlgll)n-HZ-pyf@quu[mdld]pyﬁngidh)letqudrbeﬂithw| n- 6-am ne:

H 00 Mz, PWVSO-d6) d 8.77 (br, 1 H), 8.44 (s, 1 H, 8.19 (dd, J=9.3,
0 H, 8.1 (bN 1 H, 810 (s, r\iZH)NS.Ol(br, HH), 7.86 (dd,

9.3, 5.0 Hz, lt& /- 80 (d, J93Pff , 1.76-7. (me2 H)y, 7.50 (br,
H, 6.01 (br, 1. 48 (d, J5o¢=%/3\ . Mass Spectfin (ESI) me =
86.0 (M + 1). Usl ngche sanme or anal ogo osgdur es and
substituting w th appropr‘l—at‘e—r‘earg'ems Wb
pr epar ed:

(
8.
J
(
(
1
5
J
1
3

synthetic

10 To a solution of 4-amino-1H-pyrazolo[3,4-d]pyrimidine-3-carbonitrile in DMF (2
mL) was added sodium hydride, 60% dispersion in mineral oil (27.8 mg, 0.694
mmol) with stirring at rt for 10 min. To the mixture was added a solution of 2-(1-
chloroethyl)-6-fluoro-3-(pyridin-2-yl)quinoline (181 mg, 0.631 mmol) in DMF (1
mL) 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,O and
filtered. The solid was rinsed with EtOAc. The filtrates were 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 (Chiralpak'™ IA 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-yl)quinolin-2-yl)ethyl)-1H-pyrazolo[3,4-d ]pyrimidine-3-
carbonitrile. 'H NMR (500 MHz, DMSO-ds) 6 8.51 (ddd, J=5.0, 2.0,1.0 Hz, 1 H),
8.37 (s, 1 H), 8.11 (s, 1 H), 8.08 (dd, /=9.3, 5.0Hz, 1 H), 7.85 (dd, J=9.3, 5.0 Hz,

25 1H),7.80-7.70 (m, 2 H), 7.42 (d, J/=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 (ESI) m/e =411.1 (M + 1);



Exanmpl e 16: Preparation of N-(l-(6-fluoro-3-(pyridin-2-yl)quinolin-2-yl)-
et hyl) pyri m di n- 4-am ne

N-(1-(6- AWoenm/B1dpyri di n-2-yl ) qui nol i n-2-yl)ethyl) pyri rCaius2eoasione. 1H
NVR (500 MHz, DMSO-d6) d 8.72 (d, J=5.0 Hz, 1 H), 8.38 (s, 1 H), 8.18 (br,
1 H, 8.12A-1478 WO-PCT - 78 - (dd J93 5.0 Hz, 1 H), 7.98 (dd,
J=9.3,9.3 Hz (d, J=5 , 7.84 (dd, J=9.3, 5.0 Hz, 1 H),
7.80 (br, %}4§Wp?8§8(m 2H) %2(dd J=9.3, 5.0 Hz, 1 H), 6. 52
(br, 1 H, 147 d, J=5. 3 H. I\/ass Spectrum (ESI) rrle—3460(M+ 1).
Exanpl e 17: Férn@lp( -ét-fif@lﬁodf-(ll\(éﬁ fimor(aé -(pyidine2-gDqpye iR yDethyl)y ddripsiol i n- 2-

1) et hyl

Xl O T 6 B L RioL R o Pami RS amirag H 0B 509 NS RYSRids) 3850, 6 i ami ne.
1H NWR (400 JBLVSQ 048)o Hz81 3 8(3, sJFH)Q% HZ(s i 80@((&14.](:@3 ioﬂ):,, 8. 1 1
(dd, J=9. % '98 (ddd. J=9. 82 (dd
J=9.2, 4. o HﬂH)ﬂi&)S (dCl’ 3(é01j}dfi)428017¢9(m,721712 77426@ (fné OIz‘IZH)H)7 47 (dd,

J=9.2, 4.8 HZI.2517.t'i 1&2{’“@56 SIED}H&I%@)JIS éHﬂ)BH}) ask Gpecliifhy O Hz, 3
H) . Mass Spectrum ( . Exanpl e PreBaratl on of

N4- (1 -(6-fl uéE%I-)m/(érfy‘lrllldl(rMZ-lyl ) qui nol i n-2- yl)ethyl )pyr| m di ne- 4, 6-di am ne
N4- (I -(6-Fl 6 di

T R (200 i 25 BpRiRiph A MRl GG LB kR PRy o 75
(dd, J=9. 2, ﬂu&dfhyl)éthbﬂ)am’in@% f)yldmldmgczﬁ‘b@nﬁrll&andlEk-bmp]b 2334(aiﬂl,noc] =9. 2,
4.0 Hz, 1 , J=9. o 7. 49 =9.2,9.2, 4.0 Hz, 1 ,
7.33-7. 24 (H) m (é“% %ﬂé"'ﬁ“ﬁ?‘ﬂ{%’yﬂ%’}“% ~Zflujngliny geihyﬁamﬂz@-%a,y“&uﬁms- Hz, gi)
H) . MassiSpechrponites! ) nme = 361.1 (M + 1). A- 1478 WO-PCT - 79 -

2-Amino-6-chlorobenzaldehyde
CHO CHO

CI\©/NOZ CI\©/NH2

To a stirred solution of 2-chloro-6-nitrobenzaldehyde (2.0 g, 10.78 mmol) in 1M
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 EtOAc
was added. The separated organic layer was dried over MgSQOy, filtered and
evaporated in vacuum to give 2-amino-6-chlorobenzaldehyde. Mass Spectrum
(ESDm/e =156.2 (M +1).
tert-Butyl 1-(5-chloro-3-(pyridin-2-yl)quinolin-2-yl)ethylcarbamate

NHBoc Bocs\H
N\
A | Z
=N Cl

Tert-Butyl 3-ox0-4-(pyridin-2-yl)butan-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

was heated at reflux for 1 h. After this time LC/MS shows desired product. The

20

25  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-yl)quinolin-2-yl)ethylcarbamate.



Exanpl e 19: Preparation of 4-am no-6-(l-(6-fluoro-3-(pyridin-2-yl)quinolin-

2-yl)ethyl am no) pyri m di ne-5-carbonitrile and 4-(l-(6-fluoro-3-(pyridin-2-

yl ) qui nolwo-28tyisyabhyl am no) - 6- hydr oxypyri m di ne- 5- car b@nirtuseé1e/08994a no- 6- (
-(6-fluoro-3 -(pyridin-2-yl)quinolin-2-yl)ethyl am no)pyrimdine-5 -
arbonitrile. 1HNWR (400 M—lz DIVBOdG) d 8.73 (d, J=4.0 Hz, 1 H), 8.44 (s,

1

c

1 H, 807(d (ddd, J=9.2,9.2,4.0 Hz, 1 H),
7.95(s, %374%%‘%@@ J=9. 2 4 Q? . 7.78-7.72 (m 2 H), 7.48(ddd,
J=9.2, 9. 2, 1 H, 7.26 (br, 1 H), 5 92 (br, 1 H, 1.30 (d, J=8.0 Hz,
3 H). Mss Sﬂdét@him‘( ESpyrldi@Z-yl)gamOdln(Ml)et!.l)mamme

4-(1-(6-Fl uoro- 3- (pé(rldln 2-yl)quinolin-2-yl)ethyl arg o) 6-

hydr oxypyri m di ne- 5-Canbonitrile was obtained: 1H N %400 MHz, DMVBO-db) d
8.74 (d, J=4.0 Hz, S, 1H), 8.29 (d, J=9. H), 8.10 (dd,
J=9.2, 4.0 Hz, 1 H) H)y, 8.02 (ddd, J=9.2, Hz, 1 :
7.88 (dd, J=9.2, 4 80773(' 2 HY, 7T , J=9.2, 9.2,
2.3 Hz, 1 H), 6.02 1H) %SS(d J=8.0 Hz, Mas <5l Spect rum (S)
me = 387.1 (M+ 1).

|- (

o Soetyl' 607 ol By “?‘OXEM?’* PRV PrEcibhe L IRARM. A MShilig- B ety o
ol ) It(et raka@émai)er(ﬂ]émyiégphégbmmﬂ) paD AL D) BIEATDuor0uEee il ) and
hont o t o5 1 TEbQER Hhad mieen S rebing i Pty 6 7 p KRR b Sl e

sol vent, and réHatibh mﬁbv@m@éd ihhacines bellithchysi@) wigdissoledah ognaphy on silica
gel (Et OAc/ hexan

|- (6-fluoro- @k)pﬁi@dml\@ vatl%tg%ﬁ g@\\éﬁﬁn@ﬂ}ﬂ SPRRisA dAclayapRs esBedamitbeT - 80 -

TNS (2 402 ('\)/"'Zl_fZDcEPM‘é ﬁﬁl} glé@%cﬁ%zéﬁwaétﬁéhbaéﬁé@to(ﬁ{ 14~af}d th}'é%tedlm'fﬁ g E; (dd,

H, 7.30- EtOAc (x 2) The cornblned organic layers were drled over MgSO4, ﬁltered and
10  evaporated in vacuum to give 1-(5-chloro-3-(pyridin-2-yl)quinolin-2-yl)ethan-
amine.
4-Amino-6-(((1S)-1-(5-chloro-3-(2-pyridinyl)-2-quinolinyl)ethyl)amino)-5-
pyrimidinecarbonitrile and 4-amino-6-(((1R)-1-(5-chloro-3-(2-pyridinyl)-2-

quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile

NH,
CN NH2 NH2
NS A _CN _CN
S M g g
N el
| NS SN7 O NH N7 NH
D b S
~-N Cl N P SN =
15 LN cl LN cl

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  tort and the precipitate was collected and washed with hexanes to give a racemic
mixture of 4-amino-6-(((1S, 1R)-1-(5-chloro-3-(2-pyridinyl)-2-quinolinyl)ethyl)-
amino)-5-pyrimidinecarbonitrile. The racemic mixture was separated by chiral
SFC to give 4-amino-6-(((1S)-1-(5-chloro-3-(2-pyridinyl)-2-quinolinyl)ethyl)-
amino)-5-pyrimidinecarbonitrile 1H NMR (400 MHz, MeOH) 6 ppm 8.76 (1 H,



7.24 (m 1 H), 2.56 (s, 3 H. Mss Spectrum (ESI) me = 267.0 (M + 1).

| - (6- Fl uoro-3-(pyridin-2-yl)quinolin-2-yl)ethanol To

| - (6-fl uowo-28t{(yr4ndi n- 2-yl ) qui nolin-2-yl) ethanone (328TAsY1003V38 Mol )
in THF (20 rnL) sodiumtetrahydroborate (46.6 ng, 1.233 mml) was added at
rt. The resulting m xture was stirred for 2 h. Filtration of the m xture on
a pad of Celit a rinsing wth Et QAc, evaporation of the solvent, and
purificati on%ﬁi%qggﬂdue by flash ch bt ography over silica gel,
gradient elution, 0-100% Et OAc i n hexane gave

(611 uo(rjosgdquw.lﬁz, zéw;)q&ﬁam Fnd 250§ Bz h 8nid) - 8. 14 INVRm). £00 (VHE, o
1 H, 7? 86 (5‘?3 9? 39%}4753 Ebgﬁl %IF@MJ?% %883(7(%@]%%7553(1 ?884]3]7%92’1 H,
7. 832(d9 % 9;21 Hy), 59?@) H,4, 5@6&&591 1J4]2:(9 12,d,9=6.7 [27)M#dz, Spa:cth{)maZSIgaz(dgdl_D

10 g 5ia S Ao g R el Rinor G ey fp b 3ags b fkp T ’

2- (1 -Chl og oehbmb)mﬁ)étﬂmmn& ﬁ-@yﬁmﬁhlﬂec%rbb'n)tﬁw 20k QPﬁNMRl(@OSMHIzCN oride
(0.058 nt, O. |) was added to |-(6-fluoro-3-(pyridin- 2- L
qui nol i n- 2- yMe@ﬂﬁ-Pm@ﬁS%n@ H.glddo=4%vdl-§. i hHpCHA020 Bid) /= (AStH@ & -

ddi t t d
gndI tlhgnr esi uwg/vaﬁlr@ %?ﬁﬁv\/it#’?%&/ll(gﬁz)%??({Tﬁgs)o?gwgn?cggp glze Sscalgghed
with 15 L of7.5di (1M, elddsat7d7, <o), utli de), 6198N&HCQ, I%S/d{zyllw)z (3ftd) d,owed by bri ne.
Th [ d d d th due b
R R R e LR AR R N gave
2- (1 A- 1478 V\%sq)&gd ba&d]on th€ Mﬁ(@ﬁét@ﬂ/& )of@aéﬂ &Pth@ %a(e@é’({ éﬁhﬂo&eﬁé} ) qui nol i ne.
1H NVR (400 NHZ 75 (m 1H). 8. 18 (dd,

J=9.2, 4.0 HExamph 23 a?@pa(amm oszzmcls)g (26 amlmo sacyano%pyrnnannxmd J=9. 2,

4.0 HZ 1 H) amln(%ethyl)7§-(£-n‘57r1%hnl_)|)l)-5-qun§ollnecarbonltrlle and Example 24: 2-
((1R)-1-((6-amino-5-cyano-4-pyrimidinyl)amino)ethyl)-3-(2-pyridinyl)-5-
quinolinecarbonitrile

15  tert-Butyl 1-(5-cyano-3-(pyridin-2-yl)quinolin-2-yl)ethylcarbamate

BOC\NH BOC\NH
N N
| N | N
N N
_N Cl _N CN

To a stirred solution of fert-butyl 1-(5-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 mmol), 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. Column chromate-
graphy (hexanes:EtOAc, 1:0 to 1:1) gave fert-butyl 1-(5-cyano-3-(pyridin-2-

25  yDquinolin-2-yl)ethylcarbamate. Mass Spectrum (ESI) m/e = 375.0



(ddd, J=9.2, 9.2, 2.0 Hz, 1 H, 6.121 (q, J=4.0 Hz, 1 H), 1.98 (d, J=4.0
Hz, 3 H. Mss Spectrum (ESI) nme = 287.0 (M + 1).

(S) - 4- AMiWO-2b10(151746- f | uor o- 3- (pyri di n- 2-yl ) qui nol i n- 2- ylPLEttusgé1paoBi4pyr azol o
- [3,4-d] pyri mdine-3-carbonitrile and

(R -4-amno-I-(l-(6-fluoro-3-(pyridin-2-

yl ) qui nol i n- | H pyrazol o] 3, 4-d] pyri m di ne-3-carbonitrile To a
sol ution of i‘iﬁ#%%ﬂfhkgyrazolo[3,4-d]b imdine-3-carbonitrile in DV (2
rnL) was added sodium hydride, 60% dispersion in nmineral oil (27.8 ny,

0. 694 mmol ) \er(tlhAEltlliQeﬁh)db3dpy1rldlllfbwl)glgln¢ilne-STQ?Fbweltlfﬂexture was added a

sol ution of 2- (IchIoEBgthyl) 6-fl uoro-3-(pyridin- -yI)qU|noI|ne (181 ny,
0.631 mml) in DVF ( W and the stirring continllBd at rt for 2 days.

Then potaSS|un1carbonat i 0.694 mol) was .atded g, the stirring
was continued at 70 OC for|an r Y‘h——ThE*nlxture ted with Et20
and the resulting sol4 ) i
rinsed with Et OAc. The sy Wer e coned and{pyni ficatcen of the residue

by flash chronatographilover silica gel, gradient elution, 50-100% EtOAc in

hexane gave qoraas@i%rw%omﬁ@%pim-ﬁlhﬁ r@s:@wng pg@éuﬁf.z.%m%@am 9%11)%@11 D chiral

separati on (Chlralpakg m col um usi ng

i sopropanol icarbp@Rigr{é %ﬁ@ep6@hﬂnmﬁhﬂbmcbhﬁéﬂPSWﬂﬂWﬁhﬁﬁﬁﬂumPF“Psﬂmﬂluoro 3

carboni 171 e C L { BRI be G Ve YRR B arod el SRS RERE

H, 8.37 ( S, thlc tefyGtioB. viaskvésqrated H) yacﬂu@l&n@dhk; redd@e 8/as Bis®Hized ih BYM (3085 ( dd

(m 11, 7 o B A Nafylh bt sl S0 10 Wb /27" £t

n’t (63 f: 4 11. éHG\M-(%l}nLAZIHﬁY& %@eplﬁ'&s thzeBBrlSlﬁé‘thd)l 1§I—R)14 ﬁi@éﬁtt‘fﬂ@tedlm@ﬂ
| uor o- in-2-yl).quinoljn-2-y Y pyraz
3, 4-d] pyri mi (lfl(t(ﬁ ﬂ{“aﬁeﬁﬁrﬁ‘f@ﬂ@a@lc ffyﬂl\ﬁ?s( Mg %P .51

10  evaporated in vacuum to give 2-(1 am1noethyl)-3-(pyr1d1n-2-yl)qulnohne-S-
carbonitrile. Mass Spectrum (ESI) m/e =275.2
2-((1S)-1-((6-Amino-5-cyano-4-pyrimidinyl)amino)ethyl)-3-(2-pyridinyl)-5-
quinolinecarbonitrile and 2-((1R)-1-((6-amino-5-cyano-4-pyrimidinyl)-
amino)ethyl)-3-(2-pyridinyl)-5-quinolinecarbonitrile

NH,
CN
’
N NH NH
N
N N/ICN /|CN
|N\ k\N NH k\N NH
—_— =
N 5 5
~N CN SN P~ X Z
15 LN CN LN CN

To a stirred solution of 2-(1-aminoethyl)-3-(pyridin-2-yl)quinoline-5-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-5-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 to rt overnight. The resulting white solid was filtered and washed with
hexanes to give a racemic mixture of 2-((1S, 1R)-1-((6-amino-5-cyano-4-pyr-
imidinyl)amino)ethyl)-3-(2-pyridinyl)-5-quinolinecarbonitrile. The racemic
mixture was separated by chiral SFC to 2-((1S)-1-((6-amino-5-cyano-4-pyr-



(ddd, J=5.0, 2.0,1.0 Hz, 1 H, 837 (s, 1 H, 811 (s, 1 H, 808 (dd,
J=9.3, 5.0Hz, 1 H, 7.85 (dd, J=9.3, 5.0 Hz, 1 H), 7.80-7.70 (m 2 H), 7.42
(d, J=5.0M@2000/10)7407. 25-7.21 (m 1 H), 7.03-6.95(m 1 HpCTAIS2@0(89943=5. 0
Hz, 3 H. Mass Spectrum (ESI) me =4 11.1 (M+ 1). Exanple 21: Preparation

of 4-am no-6-(((1S)-I1-(5-chloro-3-(2-pyridinyl)-2-

qui nol i nyl)eth ) -5-pyrimdinecarponitrile and Exanpl e 22: 4-am no-
6(((IR)-I-(@iﬁ%ﬁ’élgbh-pyridinyI)-2: inolinyl)ethyl)am no)-5-pyrimdine
carbonitrile 2-Am no-6-chl orobenzal dehyde To a stirred sol ution of

2-chl or o- 6- niimid@bé)azran@ethybé (2pwignyllo: qp@qﬁm¢a)rb¢nitri|1¢¢| IHNMRBR(A00nL) was

For 2 . arL ikt pan e (bR ABL R3et 531 0% G (ERG, Vas Raced.

The separateg= pom&gw% eyﬂr dtWéISS dri.edizpwers NUSQ), 8.02 (1 Hr @d /and, eqapor at ed
in vacuumto give hl or obenzal dehyde. Mass Spectrum ESI) me =
156.2 (M + 1 z),t7394[(1§dtt9}.]7718HZ)784(1H d, /=8.6, 7.2 Hz), 7.65-7.73 2 H,

| - (5-chl og o- J( PYEB P'Hndad YJL)MUWSOhQ%éﬁ&h)?ﬁﬁ%h&%@qnﬁtﬁﬁeﬁ 51 '?PHY'

3- 0x0- 4- (pyri di n- 2- but’an- 2-yl ¢ar ba
2- am no- 6- chIS))rlcﬂde(ﬁzfélddéﬁ@/aéh()d\/lﬁ%rgctm@sﬁlmfb): i%. (Eta@&ﬂ((QB{)Sl ﬁ(ﬁ 454

| t i ' .3 Th
mc% [ \gﬁswa;% eat e\évly&{b Eg)?' ﬁ&%lﬁ%ﬁp%%h%ﬁk?f 3'&?'113 L%m 5%1{%91{%94& Bns ge5| red
product. The nitgRE T HOMMREEI0D MRz C&mrsﬂnhm)r&pp@mg Ssyappaad ge-ion1acigum The

product was urlfled by coI um chr onmat ogrﬁp ](hexanes EtOAc, 1:0 to 2:1)

| - (5- chI Al |RQL t PCT - 83
- I(-(5 oro gﬂ%’%yfil gjh%quﬁlé J&@I il/l% ﬁﬁﬁhgﬁg&?g@@oﬁg%g ?Zrﬁ\g
sol ution of t7é5t-7olﬁ§,2|H rn) 7.46 (1 H, ddd, J=7.7,4.8,1.2 Hz), 6.17 (1 H, dd, J=7.1, 6.7

- (5-chloro- %I-zg,pélﬁ @ ﬂ,-s%,- Y Hnglj 1 72H¥J Maa{[sglgpec I[u?na{ﬁglfm/e =1393.0.
(Absolute configuration was assigned based on the PI3Kd potency of each of the
separated enantiomers).

15  Example 25: Preparation of 4-amino-6-(((1S, 1R)-1-(3-(2-pyridinyl)-1,8-
naphthyridin-2-yl)ethyl)amino)-5-pyrimidinecarbonitrile
tert-Butyl 1-(3-(pyridin-2-yl)-1,8-naphthyridin-2-yl)ethylcarbamate

NHBoc Bocs\n
O HZle/\Nj |N\ N\
N
| A OHG™ & | X
N ~-N

To a stirred solution of fert-butyl 3-oxo-4-(pyridin-2-yl)butan-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 rt 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 fert-butyl 1-(3-
25  (pyridin-2-yl)-1,8-naphthyridin-2-yl)ethylcarbamate.



(150 ng, 0.391 mol) in DCM (2 rnL) was added trifluoroacetic acid (602 niL,
7.82 mol) and the reaction was stirred at rt for 2 h. After this tinme the
reacti on waosv@apmonat ed i n vacuum and the resi due was diP€3aiSe@d/08994DCM ( 30
m). HO ( 1.0M was then added and the separated aq. |ayer was washed with
DCM (20 nmL). The aq. layer was then basified to pH 14 and extracted with

Et CAc (x 2). The c lLhed organic Iayer were dried over MgSO, filtered
and evaporat 14?1{3 %hﬁito gi ve §

| - (5-chloro-3-(pyridin-2-yl)quinolin-2-yl)ethanam ne.

4- Ami no- 6- (@K ) b’rl(isl-émlblaS -r@phshysydind-yhj¢thapaminenol i nyl ) et hyl ) ami no) - 5-
pyri m di necarbonitrige and 4-am no-6-(((IR)-1-(5-chloro-3-(2-pyridinyl)-2-
qui nol i nyl ) et hyl ) am no) N6- pyri mi di necarbonitrile T stirred solution of

| - (5-chloro-3-(pyridin- NoI|n2yI)ethana'
butanol (4.0 nl) was adde nigls hase (116 nl, 0.4§[70
4- am no- 6- chl or opyri onitrile (56.9
reacti on was heat ed 20 OC for 2 h. After thi /tnma t he reacti on was
cooled to rt and the pfeci pitate was collected and washed with hexanes to
give a racentg ar@tfflteﬁrs@luﬁgn 6f AM-BRs Br-(A-{dyPdin-2- yl) 1 8-naphthyr1d1n 2-yl)ethyl-

I R)-1-(5-chloro-3-(2-pyridinyl)- 2qU|noI|nyI) hyl') -

am no) - 5- pyr|Cﬁﬁbdlinﬁ‘@((é§Btgrlptlﬂﬁmern01TheDCMé]rr§ m%wwdéem@ug@@aﬁw@tﬁ by

hi | SFC t

- am no- 6 (( (1SIITL78 maely s restion wrastiade s r ol sy My ims

am no) - 5- pyr lremcdome/aapmaomafd beewédﬂID«NH((wﬁﬁL)\MszrMe@-{) mL)pT)hna Spafated 1

H, A- 1478 WO PCT 84 ( 1H d, .J=0.8 Hz
8.11- 8. 140(gaf1q4ay<?ﬁwa5§d rigs O(erl ﬁﬁé 3’“@5@3&& e)Vip 1‘1@3}5 vigugin to'gfvef - oy |

7.75 - 7.83 (8 dmﬁzlﬁéd Athkdidddty)etranatming NG S&ctﬁﬁﬂEﬁ%el H q,
J=6.8 Hz), 1.( (ﬁm yd) ap Ele I\/a}s,s) Splgctnrlum %SI%SIP) n1e( 402e 0 (M+ 1);

and 4-am no-@-ﬂ@(l R)-I -(5 chI oro 3 (2-pyridinyl)-2-
qui nol i nyh) eybxnk@dTs AN s STV T-ET AP PRARYPRNB iHaph fhye fdin V) dehy YRi0§00 Mz,

S-pyrimidinecarbonitrile

NH,
N ON NH,
P (A CN
N N NH
N
B N PP
=N |
N

To a stirred solution of 1-(3-(pyridin-2-yl)-1,8-naphthyridin-2-yl)ethanamine (30
mg, 0.120 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 cooled to rt
and purified by reverse phase HPLC (gradient of acetonitrile:water, from 10% to
60%) to give a racemic mixture of 4-amino-6-(((1S,1R)-1-(3-(2-pyridinyl)-1,8-
naphthyridin-2-yl)ethyl)amino)-5-pyrimidinecarbonitrile. 1H NMR (400 MHz,
20  chloroform-d) 6 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, s), 7.90 (1 H, td, J/=7.7, 1.8 Hz), 7.66 (1 H,
dt, /=7.8, 1.2 Hz), 7.55 (1 H, dd, J=8.1, 4.2 Hz), 7.42 (1 H, ddd, J=7.6,4.9, 1.2



OH) d ppm8.76 ( 1 H, ddd, J=4.9, 1.8, 1.0 Hz),
11-814( 1H mM, 805 ( 1H td, J=I. 1, 1.

75 - 7.86208/191740), 7.55 ( 1 H, ddd, J=7.7, 4.9, 1.1 PeY/US3019839941 H, q,
=6.8 Hz), 1.42 (3 H d, J=6.7 Hz). Mass Spectrum (ESI) nle = 402.0 (M +

). (Absolute configuration was assigned based on the PlI3Kd potency of each
f

t he separ at e iomers). Exanple . Preparation of
-((|S)-|-((§:§‘ﬁ¥8n§’-%gi’ ano-4-pyrimdih§‘§')-
m no) et hyl ) - 3-(2- yridinz&)-S-quinolinecarbonitriIe and Example 24: 2-
((1R) -1 -((6- &, ol 298 6bH4 Y606 HHRY V5 AkiFD) B2hy PPO32 FRpy F-REIhYL ) - 5-
qui nol i necar honit * i v | _
I-(5-cyano-SB(%§$?5%2}4§§%¥8ﬁﬁﬁgfg%ggyglf%?ﬁ@lcarbanate To a stirred
sol ution of tHxampile2§:\Preparation of 4-amino-6-(((1S, 1R)-1-(3-(2-pyridinyl)-1,6-

| - (5-chl oro- 3- rid.n-.2-vl i nol {n-2-yl)ethylcarpbamte (120 ng, 0.313
B L e R e A e L L

bi s(triflsor gaesuedla)(t@Yriding-yIP1,8%hphiRyidin2-{Déthyhebmiyte phosphi no) -
2',4'",6",-tri-i-propyl- 1,1 -biphenyl (89 ng, 0.188 mmol) and
cyanotributyltin (9@4Bm, 0.313 mol) and the reacti BA°wgs heated at 150 OC
for 2 h. After thisltige the reaction was partitioned Hetwgen Et CAc and
wat er and the separatféd orgafi er was dried, filt aporated in
vacuum Col um ¢ t egr aphy expnes—EtOAc—1: 0 t o 4l Nert - hvXy\

| - (5-cyano- 3- (pyfridi n-2- yI?ﬂ%ino i n-2-yl)ethyl carbgnmatle. Mass Spectrum
(ESI) me = 375.94N478 WO PCT - 85 - N

2 ot il B¥Tligh B 2 B8 065 RS A AU Faanfha o 4 ©

| - (5- cyano- 3¢ py57 diniblRand J-ashiiildofindyhyde(DYHT ar asaiend] s 0tmm (8 84401

nmmol) in DCM ( 1 rnL) was added trifl uoroacetic acid 9309 n., 4.01 nmol)
and the react®lor Shaameh was addegtpotqssivgy goxils (0. 1/t & r2- 170ismphnEha he reacti on

was evappp at @diclibn Was HHR ARG fheror 8% AYRr WASHHE SRAYEHnihsREM dr3Qd

in vacuum and purified by column chromatography (hexanes:EtOAc, 1:0 to 0:1)

8.60 ( 1 H d, J=0.8 Hz),
8 Hz), 7.97 ( 1 H s),
1

to give tert-butyl 1-(3-(pyridin-2-yl)-1,6-naphthyridin-2-yl)ethylcarbamate.
1-(3-(Pyridin-2-yl)-1,6-naphthyridin-2-yl)ethanamine

BOC~NH NH,
|N\ AN |N\ AN
| X ~=N | N ~N
~-N N

15  To astirred solution of tert-butyl 1-(3-(pyridin-2-yl)-1,6-naphthyridin-2-yl)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 4 h. After this time the
reaction was partitioned between DCM (40 mL) and brine (10 mL). The separated
organic layer was dried over MgSQy, filtered and evaporated in vacuum to give 1-

20  (3-(pyridin-2-yl)-1,6-naphthyridin-2-yl)ethanamine. Mass Spectrum (ESI) m/e =
251.0.



m). HO ( 1.0M was then added and the separated aq. |ayer was washed with
DCM (20 nL). The aq. |ayer was then basified to pH 14 and extracted with

Et OAc. Thwo=zeparsat4ed or gani c | ayer was dried over MgSO pcCfriuscewssvsand
evaporated in vacuumto give 2-(l-am noet hyl ) 3- (pyridin-2-yl)quinoline-5-
carbonitrile. Mass Spectrum (ESI) me = 275.

2-((1S)-1-((6; ano-4-pyrimdin )am no) et hyl) - 3-(2-pyridinyl)-5-
qui nol i necar BY HW’%P@% 2 ((I R) -1 -((Bg{%ﬁm no- 5- cyano- 4- pyri m di nyl ) -

ani no) et hyl)-3-(2-pyridin ui nol i necarbonitrile To a stirred sol ution

of 2-(I-ani ndedmno-64(({@dy R)dl-(ﬁ- -wl)lquh)olﬁﬂ\@pbtlwrtbm%—ylbqthﬁl):(mmowg 0.157

mmol ) in but WE%] added Hunig's base (54.5 nL, 0.314 nmmol) and
4- am no- 6- chfgtrﬁjorplélngdllﬁle‘%}'ne- -carbonitrile (26.6 ng, 0.172 mmol) and the

reacti on was heat,\g_p at 1100C for 2 h. After this tinHf he reacti on was
al l oned to cool tjo?rt overnight. The resulting white,salond was filtered and
washed with he give a racem c m xture of 21((14
| R)-1-((6-am noll 5-gyano- 4- pylem di nyl ) SN SNH

am no) et hyl ) - 3- (A py€li di nyl | i necar bon| trile.

was separated by chiral
WO-PCT - 86 -

VHz chloroform’\) d ppm ( 1 H, ddd J A9 1 8
d, J= LOHz) 8. 45

t 1
dd, J=I Top %L}il)ed S?lugan ef - (#r(pxr&im 3&11) I f narh%lyriél)n -2 yi)gtfialzanimw(ﬁéd
J=8.6, 7. @ H%ﬁ%_|01)6@§nm01§ irl §utﬁl?01|(|l Srﬂ]é) \zaﬁzﬁid@dl a'ﬁ'un@-@%hlo]fo mﬁrdnfe 8 1.2
Hz), 6.17 ( 1 s), d, J=6.7 Hz).
Mass Spectru ﬁﬂICOESItI)ﬂer@ 26mg 93)60 rnraﬂld an N6¢th§1 N-IQO(p@OPYéImOn@l 5 -amine

G mol i necartsn P 58 ARG AR Kep inp SoPHH L AYRb e fpr a1y
ddd, J=4.9, 1in&, thdrddction was cooled to rt. The resulting precipitate was ﬁltered and
washed with hexanes to give racemic 4-amino-6-(((1S, 1R)-1-(3-(2-pyridinyl)-
10  1,6-naphthyridin-2-yl)ethyl)amino)-5-pyrimidinecarbonitrile. 1H NMR (400
MHz, chloroform-d) d ppm 9.33 (1 H, s), 8.83 (2 H, d, /=5.9 Hz), 8.33 (1 H, s),
8.14 (1 H,s),8.02(1H,d,/=59Hz),793 (1H,td,/=7.7,1.8 Hz), 7.64 (2 H, d,
J=7.8Hz), 7.44 (1 H, ddd, J=7.6, 4.9, 1.0 Hz), 6.15 (1H, m), 5.28 (2 H, bs), 1.38 -
1.43 (3 H, m). Mass Spectrum (ESI) m/e = 251.0. Mass Spectrum (ESI) m/e =
15  369.2.
Example 27: Preparation of 4-amino-6-(1-(6-fluoro-4-(methylsulfonyl)-3-
phenylquinolin-2-yl)ethylamino)-pyrimidine-5-carbonitrile
2,4-Dichloro-6-fluoro-3-phenylquinoline

F EtOzCIPh F HOZCIPh/Q/F
g : /C 0” N
HoN 07N N
OH Cl
HO™ N7 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



Hz), 853 ( 1 H d, J=1.0 Hz), 8.45 ( 1 H dt, J=8.5, 1.1 Hz), 8.14 ( 1 H,
s), 802 ( 1 H dd, J=I. 2, 1.4 Hz), 7.94 ( 1 H td, J=I. 1, 1.8 Hz), 7.84
( 1 H ddwoxeB/B1746.2 Hz), 7.65 - 7.73 (2 H m, 7.46 ( PCTHS20d@399327. 7,
4.8, 1.2 Hz), 6.17 ( 1 H, dd, J=7.1, 6.7 Hz), 5.31 (2 H, s), 1.41 (3 H, d,
J=6.7 Hz). Mass Spectrum(ESI) me = 393.0. (Absolute configuration was
assi gned base gnf K d potency of ,each of the separated enantloners).
Exanpl e 25: é%ig BhTof 4- ani no- 6- ((?f |R)-1-(3-(2-pyridinyl)-1I,

napht hyri di n-2-yl ) et hyl ) am no) - 5- pyrlnldlnecarbonitrile - But yl

|- (3- (pyridi Readtipfh hmixtu-watvatdith d3MOL: Hirkiay rwht@afebar@fatéeh dferavisth theed
solution of tert-hvXy\ 3-o0x0-4-(pyridin é&éﬂgbUtan ylcarbanate (0.6 g,
2.270 mol ) LMD ehoy yeryditile staima mgienial. siqethpbt-RRvmelRYE oxi de

(0.382 g, 6.831 90|35 ﬁﬁgl)Zw@s;HdBQd aid erfﬂfé Qé/r{tinQEdP?or(Zq K The geac%'m??o ol ) .

The reaction was stirred mn and then it was heated at 90 0C
for 2 h. Aft erxtuh wag ¢qmdumeaquemcﬂl@rres@se waolakeh wpinrRCMe P orlataed i n

vacuum ang UL LRGP KBRS HRTE) S BB BANRR P fnerdi fhd © O 1) O

give tert yri
1, 8- napht hyr iedaporaedin) ‘&ichyrhcﬁhd)ﬁﬁiﬂhewﬁs périBe M RIImn cBrbmatography

| - (3- id ht hyr i di t d sol uti
5Pyl b 2ot & QRN LG ) S Ina g, F6, 8 st ed solutfon
ng, 0.128 mphinyilfropXddatelas redbil, NasixfededetethyliF (wﬂu&aﬂ%yranﬁﬁé B-6R& L,

1.284 mvol ). The reaction was stirred at rt for . After thls tlrre t he

reaction mas2d§ﬁﬂ¥@ﬁ5ﬁ@@”%6@%@éﬁﬂt&}ﬂTER}WWU¥(é%ﬁﬂbﬂQHQJGW@UWEF .
separ at e OF GG Hy8¥Ridag df 'aﬁ&lfgi)r\f{aatwi%@l RS ﬁﬁ@f#m@n%elt%g&mw@ésed i n

vacuumto give pyri 8 naph yridin-2-yl anam ne. Mass
Spect rum ( ESIa§1dﬁied te pH@Lw@h concd HCI and then it was extracted with EtOAc. The

separated organic layer was dried over MgSOQy, filtered and evaporated under
reduced pressure to give 3-(4-fluorophenylamino)-3-oxo-2-phenylpropanoic acid,
used as such for the next step. A mixture of 3-(4-fluorophenylamino)-3-oxo-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 aq. 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-phenylquinoline-2,4-diol (1 eq) and

20  phosphorus oxychloride (10 eq) was heated at 100 °C for 2 h. After this time the
reaction was cooled to rt 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 MgSQOy, filtered and evaporated under reduced
pressure. The product was then purified by column chromatography (using a 9:1

25  mixture of hexanes and EtOAc as eluant) to give 2,4-dichloro-6-fluoro-3-
phenylquinoline. Mass Spectrum (ESI) m/e =292 (M + 1).
4-Chloro-2-ethyl-6-fluoro-3-phenylquinoline

O Cl
Y —

p

Cl N




4-AmM no-6-(((I'S, IR -1-(3-(2-pyridinyl)-1,8-naphthyridin-2-yl)ethyl)am no)-
5-pyrimdinecarbonitrile To a stirred sol ution of

| - (3- ( pyrwoiznto2sy14)- | , 8- napht hyri di n- 2-yl ) et hanam ne ( 3@CEgS2@0020®42m0l ),
4- am no- 6- chl oropyri m di ne-5-carbonitrile (18.52 ng, 0.120 mml) in
n-butanol (1.5 nL) was added Hunig's base (41.7 nL, 0.240 mvol ). The
reaction was sSti 120 OC for 4 h. After thlstlrrethereactlon was
cooled to rt Aaﬁnﬁ{%)%?f%gd by reverse ph% e HPLC (gradient of
acetonitrile:water, from10%to 60% to give a racem c m xture of

4- ani no- 6- (((Ailgmtp:()e qf2(4'(3d1@1210mf61fm0mf[5)phpngqumohne (1.46 g, 5 mmol), diethyl-

chror of or m 74 METSAET) Bt KEXTO TP RESSS %ﬁﬁ??ﬁ‘d@é%ﬁ@z?’*ﬁﬁ add,

j=¢. 3, ]2- g, Hi;)oﬁpi'&)é%@m%?’o.l eg 12181"[(@ (ﬁmﬂ)wa Hg%e& v&th‘Nz 15 rﬁmg&f((rel T Ele

Hz), 7.42 ( hedfinedgdeflideAfBr 64, ﬁle réacaen %zaumemlmm ¢l dﬂé)extchté@ 7.26
1H m, 6.06 1Ht,J71Hz)525-539(2H‘H),156(3Hd

=6.7 Hz)s N&&ﬁh BDEC& leffElréﬁﬂe)wm @rfﬁeﬂﬁ@ cZ)mbEXlasll’pblemHGa g E@Aat i on of
amn06(( @%I-(B (2- ‘L—F

apht hyri di n Qxagﬂe) hip §iKed W&)te 5015{/%8. @Pwe%aﬂlybﬁ.ﬂwm -3-nhgpylagnelne.

| - (3-(pyridi VARRAY agtipred

sol uti on of ?H%\TWG ?{Zg@g(tgg?(py Jn%@y:‘t{igg ,J;?agsytg g%?bagrrgt!éb(o 20 g,
0. 757 mmol ) &wl1H), é7n4]n%|46¢mt 4H)a,|7dl§lh¥/ﬂb(1@0216}327@(q01 780 HmiJH)g h1E(OH (8. 84
rnL, 151 nmol) ta SI u dr,oxi 7 g, 2.270 mol ). The
reacti on was —hgemd?ﬂf?\?a@?% @&%W%\thgg(W“Lgtl me the reaction was
evapor atﬁ@l | 12-(1 BBrtounind etingl)- pulqubad(dwhynhmym pHenhoRpiegdinaphy (hexanes: Et OAc,
1:0to 0 :1) to give r -butyl

I -(3- (pyr|d| -1, 6-napht hyri di.#A
| - (3-(Pyridi -1 6xnapht hyri dig-2;

(
J
4-
n

A mixture of 4-chloro-2-ethyl-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 N, for 30

min. The reaction mixture was cooled to rt and partitioned between Et,O and

15  water. The organic layer was separated, washed with brine, dried and concd. The
residue was purified on combi-flash on silica gel (EtOAc/hexane, 1/8) gave a
white solid as 2-ethyl-6-fluoro-4-(methylthio)-3-phenylquinoline. 2-Ethyl-6-
fluoro-4-(methylthio)-3-phenylquinoline (500 mg, 1.7 mmol) and 1,3-dibromo-
5,5-dimethylhydantoin (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 solution (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 Na,SOy, 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).



To a stirred solution of t r t-butyl

| -(3-(pyridin-2-yl)-1,6-naphthyridin-2-yl)ethylcarbamate (30 ng, 0.086

mrol ) i n Wab(01L55740L) was added trifl uoroacetic acid (68CO/USRI1003BI5 Mol ) .
The reaction was stirred at rt for 4 h. After this time the reaction was
partitioned between DCM (40 nL) and brine (10 nL). The separated organic

| ayer was dri g v&r ‘yﬁi filtered ang evaporated in vacuumto give 1-
(3-(pyridin- ‘1"?8 & pht hyri di n-2-yT %t hanam' ne. Mass Spectrum (ESI) nie
= 251. 0. A- 1478 WO PCT - 89 - 4- Am no- In&

| R) - | - (3- (2- Byl i(@iHiyppno-4-(@metinithiond-phe qulypbletll-@l)e}tbyﬁlm)ldohne-l 3-

5-pyrim di necaﬂ&}%onitri le To a stirred sol ution of

| - (3-(pyridin-2-yl)-1,6-naphthyridin-2-yl)ethanam ne (15 ng, 0.060 mMmol) in
butanol ( 1.5 nlL)_was added 4-ani no-6-chl oropyrimgime-Sgvearbonitrile
(9.26 ng, 0.060 M8 N-et hyl - N-i sopr opyl prop4d 2093 i,

0.120 mmol ). Th ACIAE @sFheated at 120 0OC for i's tlne t he
reacti on was cool ed t|p r he resul tTng préC|p|ta egred and

washed wi th hexane
| R)-1-(3-(2-pyridi
| , 6- napht hyri di n- 2- yI ) et hyl ) am no) - 5- pyri m di necarbm_ rile. I'HNWVR (400
M—Iz, chloroform;/) d ppm9.33 ( 1 H, s), 8.83 (2 H J=5.9 Hz), 8.33 (1
H,s)814(1Hs),8.02(1H,d,J59Hz) 7. 1H,dJ7.7,1.8
Hz), 7.64 (2 H, =7.8 Hz), 7.44 H, ddd Hz), 6.15
(I1H, m, 5. 28 l(ﬂzxtwe 05@)(1 -bromgethyl}-$- é@rpr“ methwa%%) %B%%xy}%qlm( (iﬂ =
251.0. Mass @tSrzl{H?n()ﬁ% bM‘F ?l 5 n?L@Qxxa% tre%%%%%'tl?pl%ﬁahrﬁ'ﬂ@ B@fa@sﬁhrﬁ@al@f@

4-am no- 6- (I - (6-f 1 uor o- 4% lsu}con%%{\g
phenyl qui nol g, 2-54q) everpightn AHd Ls;symei ap remgaedokictreddtion mixture was

2,4-Dichlor O'hgatyi H)O(g(P"é)’ d Qq‘p wh%ﬂ 'L%/IS Nfowed completion. The reaction was

repeated on a 500 mg scale. The two reaction mixtures were combined and

=" racem c 4-am no- 6- (((I

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, CDCls) & 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 (q, 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-Fluoro-4-(methylsulfonyl)-3-phenylquinolin-2-yl)ethanamine

3ed

N
N - -
JC
N F
SOZMe

To solution of 2-(1-(6-fluoro-4-(methylthio)-3-phenylquinolin-2-yl)ethyl)iso-
indoline-1,3-dione (200 mg, 0.45 mmol) in THF (6 mL) and H,O (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 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



A stirred solution of diethyl 2-phenylnmalonate (3 1.9 g, 135 muol) in
pyridine (14.56 nL, 180 mmol) was added 4-fluoroaniline (10.00 g, 90 mmol).
TheA- 1478W0R0RAF1M4090 - reaction m xture was heated to P8U/US2@0/0819%2 i ng
continued for 16 h after which the LCVS show very little starting nmaterial.
A further diethyl 2-phenylmalonate (31.9 g, 135 nmol) was added and
stirring contin 0 4 h. The reacti m xture was coned in vacuum The
resi due was ﬁa&%ﬁd\}fﬁ)ﬁﬁ%m\ﬂ (100 ni) ahQ?V\/ashed wi th NaHCO (x 2). The
separated organic |ayer was dried, filtered and evaporated in vacuum The
resi due was ptganid leyerbyassepaiaad.crasbehvé bappbydricdexueosctt Gaeres@ud) to give
crude ethyl 3-(4-f ! = - I o red oil.
%va% ;&ilsrséﬂg?({ QPJ'; 'tl%‘jg% t%opF 2 %%,‘f éeaQé(cP\jv?tg p@?%ﬁﬁ%%ﬁé}?@%k& %o

A mxture of e am no) - nyl propanoate (12 g,

crude) in THﬁothAftéﬂ&oﬁh%&Pn%% rdR8ort FBahRdv W dahitldnb @by gtext de (1.0
eq) and stirred at rt for h.” Af h

ter this time the reaction was acidified
to pH 2 wit hasdmettrHChe argdnicHayer was wersiratsd, meeshesowith wateEt lme, difdte asépar at ed
organi c | ayer ried e filtere n i I er reduced
orasure £ oPURR IRt TS b b e B By BB B SR e e
as such for bhie-2rg)dithaiasine. Ahoimatatiabwas usd(4-st¢hufor dpherystapriMag- 3- 0X0- 2-
phenyl propanqj ¢ aci d_ i ol horic acid (0.6M was stirred at 130 0C
for 2 h. AftgPe‘EtﬂF%?ﬁlw?ﬁﬁa?Z@&?gn was cooled to rt and treated with 2M
ag. sodium thAﬂmi(ﬂG-(NEJﬂuoﬁo-ﬂI(ﬂfétgyﬁlﬁhﬂlyﬁ pRenyldimoRhaciipthpt e was
filtered and washed with | M ag. sodium hydroxide and dried under vacuumto
gi ve 6-fl uor 8minehpyiimidinerStqagbonigrile. dj of . A ni xture of

6-fl uor o- 3- phenyl qui nol i ne-2,4-diol ( 1 eq) and pRQsphorus oxychloride (10
eq) was heated at 100 OC for 2 h. After this tinejt eq.{eaction was cool ed
to rt and evaporat egqunder reduced pressure. Thel*rggul ti ng brown resi due
was taken up in DCM anc,i\I washed with water. The i@ﬁ z?\ltHed

- 99
N F

10 O SOzMe

A mixture of 1-(6-fluoro-4-(methylsulfonyl)-3-phenylquinolin-2-yl)ethanamine

(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, concd, 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)pyrimidine-5-carbonitrile. "H-NMR (400 Hz, DMSO-
d®) § 8.61 (dd, J = 8.0, 4.0 Hz, 1H), 8.25 (dd, J = 8.0, 4.0 Hz, 1H), 7.87-7.92 (m,
2H), 7.37-7.50 (m, 5H), 7.25 (s, br, 2H), 5.09-5.13 (m, 1H), 3.22 (s, 3H), 1.29 (d,

20 J=28.0 Hz, 3H). Mass Spectrum (ESI) m/e =463 (M + 1).



organic |layer was dried over MgSO, filtered and evaporated under reduced
pressure. The product was then purified by colum chromatography (using a 9
: 1 m xt urwoahiosxanes and Et OAc as eluant) to give 2, 4- #CThiSee10/40699%2 uor o- 3-
phenyl qui nol i ne. Mass Spectrum (ESI) mle = 292 (M + 1).

4- Chl or 0- 2- et hyl - 6-f | uor o- 3- phenyl qui nol i neA-1478 WO-PCT - 9 1 - A mxture
of 2,4-dichlaor 3-phenyl quinoljne (1.46 g, 5 mmol ), diethylzinc
(IMin hexané"- ?417680‘5)%353% K2CO8 (2. 07 g,b{; 0 eq) and Pdd 2 (dppf)2 DOM

conplex (366 nmy, 0.1 eq) in THF (25 nlL) was purged with N2 for 5 mn before
heating to r@klamplel&tléneperatlomqfé-raeanm6c{rl (reftnagoenanetiylsnfon\ A€l and

extracted vm ﬂegl%"h}%@%@&%ﬂﬂ X‘f@ytﬁ#nﬁdlhle%dcal?ﬁoﬁi? i-flash on silica gel

(Et OAc/ - hex
4ch|or02eth 6f|uor03phenquU|noI|ne 1H NWVR ( Hz, CDCO 3) d 8.03
(dd, J = 8.0, 4 Hz, IH), 7.78 (dd, J = 8.0, 40HzN/ N741746(m
2H), 2.70 (q, J g8 .0 Hz, IH), 112 8.0 Hz, 3H).
).

4H), 7.19-7.21
Mass Spect rurfi °Pme = 286 (M +

2- (1 - Bronoet hyl | aQr 0-4- (e phenyl qui nol i ture of
4-chl oro-2-eth r o- 3- phenybgurvotreage~{ 1.0 g, 3. I NaSMe
(0.491 g, 2.0 VEF (8 ) @ aied to 60 OC u 30 nin
The reaction xt uf¥ewas cooled to rt and partl ti oned b& weén Et O and

. Th d d.
The'resi due_dd i 1At eROBTFUBRErE PhabadRUr P kb biPiac] ndliafie. 175
gave a whit e (&Diigf0.a8 ninel) Wk dﬁsdlb@h@t@ﬂ@&hhyéﬂdﬂ@)ed%mhel INFH nol i ne.

2- Et hyl -6- fluoro-4-(nethylthio)-3-phenyl quinoline (500 ng, 1.7 nmol) and
1, 3-di br ono- (GZMMOHQImyﬂhnﬁmiAftdraaﬂi@mm tlﬁhrzacﬁqm N FUEe wspended in

ﬁ.gr bgnlt g;; agh ?r I d(? bétweenrqi‘? OAc andt watelmﬂ(le organ\lNalayer was separateg wasBe({ oxide (41

w1th water, brine, dried, and concd to give a 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-carbonitrile (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 rt,
concd, dissolved in DCM (2 mL) and purified by combi-flash (DCM/MeOH,
20/1) to give a pale yellow solid. "H-NMR (400 Hz, DMSO-d®) & 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 (s, 3H), 1.21 (d, J = 8.0 Hz, 3H). Mass Spectrum (ESI) m/e =
431 M + 1).
Example 29: Preparation of 4-amino-6-((8-fluoro-3-(2-(methylsulfonyl)-
phenyl)quinolin-2-yl)methylamino)pyrimidine-5-carbonitrile
2-(2-(Methylsulfinyl)phenyl)acetonitrile

Cor— 2
—_—
e
S S

|
20 Me Me

A mixture of oxone, monopersulfate compound (14.12 mL, 25.3 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 rt 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



m xture was heated at reflux for 3 h. After cooling to rt, to the mxture
was added satd aq. sodi um bi carbonate solution (15 nL). The | ayers were
separ at edweandiwise74aq. | ayer was extracted with CH2CH2 ( POTMS200023994The
conbi ned organic |ayers were washed with brine (30 nL), dried over Na2SO ,
filtered, and coned under reduced pressure to give an orange syrup. This
mat eri al was u h wthout furth purification. Mass Spectrum (ESI)
me = 376, 37‘8?‘% ‘%’%ﬁ”%ﬁ 1478 WO PCT -~ 83~

2- (1 -(6-Fluoro-4-(nethylthio)-3-phenyl qui nolin-2-yl)ethyl)isoindoline-I, 3-
di one A m xt IH&Mpfnd the ﬁltrate concd under reduced pressure to afford a colorless solid,

2-(1-b t 12 0.32
R o L e S S e G e
1.5 eq) over Mght) (sAlfotiie)s ti me 50% SM rem aned. The reaction m xt ure was

heated to 60 tion. Th ti
rgge:t edoon goéﬂﬁr%%%gg\eg]ﬁsﬁ‘é%e%ﬁﬁﬂw Iy 'glf"éf?egs vve(raergg(r:m: ggdwgzd

partitioned between Et O and water. The organic | ayer was sepmrated, washed
with brine, dried, coned and purified by conbi-flash gt OlN:/ exane, 0/1 to

1/3) to give a tnd as  H,N

2-(l-(6-fluoro-4 thythlog 3phe uinolin-2-yl

et hyl )i soi ndol i ne- SSdl one. 0 Hz, CDd 3)
CIH),

.18, (dd, J = 10, 5.0

Hz, 1H), 8 13 (dd, J #elO, 40 7.70-7.74 ( ,0750753(m
2H), 7.33: 737(m2H) 713714(m2H) 5.65 (q, J= 0 Hz, I|H), 2.09
(s, 3H, i 81 (d, J = 0 Hz, 3H). Mass ectrum ESIg n e 443 (M + 1).
| - (6- Fl uor o- 4§-(Ilwétlﬂ@ﬂf%qllﬂ@lrﬁﬂnqm@—(@kf@nqulﬁpﬁbnmml)z arcHuhalfimd)-To sol uti on

a2t one. (200 U goAERE U 0 SR YER SkRg -3%%{%'6%%1%& B oxone
(556 ngy, 0.9, mmma)mEmHéimM)waIlheatecémﬂ'i‘i(l’}ﬁ)rsldsi;hemsqlﬁhbm&sltort

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 =301.1 (M + 1).
8-Fluoro-3-(2-(methylsulfonyl)phenyl)quinolin-2-amine

15
A mixture of 8-fluoro-3-(2-(methylsulfinyl)phenyl)quinolin-2-amine (2.26 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 rt, after which time LC-MS indicated no starting material remained.

20  The reaction was concd 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).



stirred at rt overnight. The reaction was inconplete. Oxone (556 ng, 2.0
eq) was added and the reaction mxture was stirred at rt overni ght again.
LCVS showeoO 20ovsiabi on. The reaction m xture was partitipomas2oensmen Et OAC
and water. TheA-1478 WO-PCT - 93 - organic |ayer was separated, washed with
brine, dried, and coned. The residue was dissolved in EtOH (5 nL) and
treated with N .o nm) at 60 OC f 30 mn. After cooling to rt, the
reaction nlehF%%tggiggﬁfitioned betmeé%gEtCAc and water. The organic |ayer
was separated, washed with water, brine, dried, and coned to give a pale
yel low oil a$- Fluem—ﬁ(&dmtlr»da(ui@mwpbm)ﬂmwnqluez(ghﬁmequ. nol i n-
2-yl)ethanam ne. The naterlal was used as such for the next step. Mass
Spectrum (ESI) me = 345 1)]. F
4- Am no-6- (I -(6-fluoro-
- pyrimdine-5-carbonit
| - (6-fl uoro-4-(nethyl§
0.44 nmmol ), 4-am no- 6~

2-yl)ethyl am no)

§ - phenyl qui nol i p=2 et hetam ne (152 ny,
8yr|n1d|ne 5-carbo jil@ (68.2 ng, 1.0 eq) and
Huni g's base (0.094 ni, 1. % in n-BuCH (2 nL) waS<teated to 130 0C
overni ght. The nlxture was 800Ied to rt, coned, theviedissolved in DVF (2

m) and puri éll El}{w&} Q\({‘ § @eoggH EL& (ggeqleylsulfao%rf)ﬁleny qulnohn- airnqged (2Og0ned and

filtered to
4- ami no- 6- (| {)(@;—8frhﬂd@ﬂ)@15401@8@Id1)@|d$¢dhﬂ&ftydc)d @:mh@nym&mﬂd)m Btrt Was added

2- yI)ethyIanlno)pyrlnldlnecglcarbonltrlIe H-NNR 00 d 8.61
(dd, J = B.0dropwsqhy pippfa soqutim qf ggdium nitrge (47 mg m?fvaéef- 92 (m
2H), 7.37-7. %L)(d%r éprlod7of@m(r§ Whthin %bg,ral §019? re@%ltﬁf@debw)pe@ ﬂ?e (s, 3H),
1.29 (d, J = 8.0 Hz, . Spect rum ( M+ 1).A- 1478

WO PCT - 94 .prqgm‘qﬁﬂ \éasz(g}lleq::tp@ bﬁ;ﬁé‘[@‘é}t@ﬁ, @nsed w1th water and drled under vacuum

4-am no- 6- (| -Qérzé?y(?g){o ff%lr no%{t a%"dldcopd}ygdsog Ma o e¢ rﬂlgESD m/e =

phenyl qui nol i n- pyrim di ne-
318.1 (M + 1).

10  2-Chloro-8-fluoro-3-(2-(methylsulfonyl)phenyl)quinoline

A mixture of 8-fluoro-3-(2-(methylsulfonyl)phenyl)quinolin-2(1H)-one (200 mg,
0.630 mmol) in phosphorus oxychloride (3 mL, 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 concd under reduced pressure to afford product as a colorless solid.
Mass Spectrum (EST) m/e = 336.0 (M + 1).
8-Fluoro-3-(2-(methylsulfonyl)phenyl)-2-vinylquinoline

20



2-(1 -(6-Fluoro-4-(methylthio)-3 -phenyl quinolin-2-yl)ethyl)isoindo |ine-
1,3-dione (80 ng, 0.18 mol) was dissolved in EtOH (2 niL) and treated with
NH2NH2 ( oW 2mloy15at4060 OC for 30 min. After cooling to r®PCTUSR00®3HE ON

m xture was partitioned between Et OAc and water. The organic | ayer was
separated, washed with water, brine, dried, and coned to give a pale yellow
oil. The materi S ed as such for e next step. A mxture of this
material, 4- M%@%Rﬁiropyri m di ne- 5§J€ar bonitrile (28 ng, 1.0 eq) and
Huni g' s base (37.9 m, 1.2 eq) in n- BuO—Iéfh m.) was heated to 130 0OC
overni ght. THemiitwiewfscsian cedonad (23 me, 0.2 @molldllslsbls\(énphﬁwlmvl (2 m.) and

N T e A T AR

H, (763437' 4ingi 2-Gipro- ﬂawgmes(sz (mi;thjzllsi)ll,fo@l)bhen}&)qilﬁlzgm (IBmg BB (s, 3,
. , = . SS ec = . a e
36 Py apa at (A Erydlisigt ey gt P?@B?%}%&?%Hg%?ﬁ@%@ B iF S mi5am

phenyl ) qus nolahdwatey |(() () ﬂﬂ?%@@bg@& Rt dir§@enSth 68K 200 it fal thRrowave at
2-(2- (I\/bthylsulfl n ég enyl)acetonitrile A m xture of oxone, nonopersulfate
T

conpound ( 14129 °Gifor bh, afickwihioh tipe £6-MB ipdipgied anly)derEsh oMt PESFRr i | e (1. 65

g, 10.1 1 mml) ré’a'a9015g/a¥"ﬁ5rtlﬁ9ﬁgcf%\%én%ﬁlﬁ]§b@6 4825 RO0%WaNaL §he Dy wei ght)
in DCM (60 nL) was stirred g@&Nrously at rt for 4 h, after which tinme no

starting nmat @rgaalc lpgeraiasechs ph @domki hang lhynsuﬂretcbwed@nhmouet ected by
LC-MS. The r | i 8 WO PCT
"5 o SRgpRan T el e RHERY ol b AR PR A7,
col or | ess0 soln dytenskiotdngeasd fike.d The produtt vf/asrl‘sdieted pua cdlodedsifdm. byVas s Spect rum
(ESI) nfe =1 roornlatégraphylc?n s(llsca ge?elugn& with 5% EtOAc in DCM. Mass Spectrum

(EST) m/e = 328.1 (M + 1).

8-Fluoro-3-(2-(methylsulfonyl)phenyl)quinoline-2-carbaldehyde

15 A mixture of 8-fluoro-3-(2-(methylsulfonyl)phenyl)-2-vinylquinoline (88 mg,
0.269 mmol), sodium periodate (172 mg, 0.806 mmol) and osmium tetroxide
(4.22 uL, 0.013 mmol) in THF (3 mL) and water (1 mL) was stirred at rt 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 ea EtOAc and water. The

20  organic layer was washed with 25 mL brine then stirred over anhydrous
magnesium sulfate, filtered and the filtrate concd 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 (ESI) m/e =330.1 (M
+1).



8- Fl uor o- 3- (2- (net hyl sul f nyl ) phenyl ) qui nolin-2-amne A m xture of sodium
et hoxide (6.87 nL, 18.41 mmol), 2-(2-(nmethylsulfinyl)- phenyl)acetonitrile
(1. 65 g, wo2timmswl4) and 2- am no- 3-fl uorobenzal dehyde (1P231SQ01003®12 nmol )
in EtOH (5 nL) was heated to 75 OC for 1 h then equilibrated to rt and left
to sit at rt overnight. The reaction was partitioned between 100 nL water
and 50 nL Et ft to separate overnight. The organic | ayer was
stirred overggﬁﬁﬁgggggchﬁgnesiun1su|fat§$'fiItered and the filtrate coned
under reduced pressure to afford dark yellow oil. The material was used

wi t hout f urt k&Flyeroi3-(anethrlsulprd)dieazbquimoliEdyDmethanoBo1. 1 (M + 1).

8- Fl uor o- 3- (2- (et hyl sul f onyl ) phenyl ) qui nol i n-2-am ne A m xture of

8-fl uoro- 3-(2- (nethylsulflnyl)p enyl ) qui nol i n-2-am ne (2F26 g, 7.52 mol),
osmumtetroxide (0.1 mol ) and 4t 1 cwo||ne Noxi de
(0.881 g, 7.52 mml) i ) andwater (5,00 n1_)| stirred
overnight at rt, afte TcRtiife LC-M5 i ndi cafeRfioX ing materi al

remai ned. The reactio @ oned under reduced{pre &Qre and the concentrate

partitioned between DCM and @0% sodi um t hi osul fate 880 sol ution. The
organi c | ayer was stirred dVer magnesiumsulfate, fMetered and the filtrate

coned under r ) 2ghf N e, ¢rude product

was used wi t hou purification. SsS ctru e = 317.0 (M +
1) %gﬁen?{?ﬁ%?% f?uo#r(s) 38(? INLE ;ﬁ;ﬁdﬁh@g@‘leﬁg)%ﬂ?ﬂﬁ% %rﬂ

1) . A- 1478 WDaREhyde (36mg, 0.173 mmol) in MeOH (4 mL) at rt was added sodium

8-Fluoro - ( fony i nolin-2 e sol ution of

811 vor o-5- ( Sorhanin S Bt 4 ShEmAY et Stas e fuabfornig - 6.8 ol

di ssol ved i n abycwBieh kiadel tﬁe E,CLMS(ladleﬁedrbnlyaﬁe &sm !p)odabt Wwis prasenadded

dropwi se by Svpet a soI i&g of-sodi¥n1n|tr|te 6.48 mpl ) in water

(2 nL) over ﬁ@rrwwdéﬁ feactipy Af th@é\é%%wwmve& dsercdnesst e

devel oped. Thgggure. The residue was partitioned between EtOAc and water. The organic
layer 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 (ESI) m/e = 332.0 (M + 1).
(8-Fluoro-3-(2-(methylsulfonyl)phenyl)quinolin-2-yl)methyl

methanesulfonate

15  To asolution of MsCI (0.017 mL, 0.217 mmol) dissolved in DCM (3 mL) cooled
by an ice bath was added a solution of (8-fluoro-3-(2-(methylsulfonyl)phenyl)-
quinolin-2-yl)methanol (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-

20  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 to afford a colorless
film. The product was used without further purification. Mass Spectrum (ESI)
m/e =410.0 (M + 1).



precipitate was collected by filtration, rinsed with water and dried under
vacuum over P20b to afford product as a colorless solid. Mass Spectrum
(ESI) m ewe 28108151740M + 1) . PCT/US2010/039942

2- Chl or o- 8- fl uor o- 3- (2- (et hyl sul f onyl ) phenyl ) qui nol i ne A m xture of
8-fluoro-3-(2-(nethyl sul fonyl)phenyl)quinolin-2(lH-one (200 ng, 0.630
nmol ) in phosph 0 hloride (3 niL, .2 mol ) was heated to 120 0OC
After 24 h tléelzﬁ)%é&au&qgﬁ%ms coned unde'rg,%'educed pressure and the residue
partitioned between 25 nL ea. DCM and satd ag. sodi um bi carbonate sol ution.
The organic Qd@di(hlm@hYDﬁsﬂEQﬂoﬁ-%(meféwlsalfhygbmym%@ﬁn&m sul f at e,
filtered and the filtrate conedgunder reduced pressure toF af ford product as
a colorless solid. Mss Spec* (ESI) me = 336.0 (M+ 1).

8- Fl uor o- 3- ( 2- (et hyl s g 2yl ) - 2- vi nyl quipe™ge .
A m xture of cesium carhona 6 gy, 0. /86 mmol g
(di pheny!l phosphi no) fce 4. pal | adi un(ii)di chi oRydeSCMWeonpl ex (32.1 nmy,
0.039 mmol ), 2-chl or 0>8Ahygr o- 3- (2- (et hyl sul flqpy ggnyl ) qui nol i ne (132
ng, 0.393 mmol) and pot asslgﬁ% vinyltrifluoroborate ﬁ\.@ ng, 1.966 muol) in
THF (3 nL) and water (0.500°m) was purged with nit en then heated in a
m crowave at . - af j i - i.ndi.c y desired
pr oduct preseArlllt%&u%%le?é%%%h&gh&v%gﬁgﬁg’?'?Sié%ne O%g{l&m/gger?%&%f%%%%% and 25 niL
wat er. The oRdeénirgol) ayarctondsilen@shewes sthredFon20 twin atet béfere Stiluared- over

hyd ' | f filter. d the fjl d d
oretsure 2o Srror AP b RLE 2Ry Rt bl RO MGk 8120, area o

a col orl ess hirhoh) byl etlr arahigiiapiyaddod SThé tactiel medtueiweg stitredh 5% Et OAc i n

DCM = . + .
Mass Speo%rglygrlrllt tEr%I )Aftg ?6h, Ti%8an]d ISMMS %r?dicated no starting material

remained and desired product predominated. The mixture was filtered and the

<N

filtrate concd under reduced pressure. The concentrate was partitioned between
10 25 mL each DCM 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).
(8-Fluoro-3-(2-(methylsulfonyl)phenyl)quinolin-2-yl)methanamine

15
A mixture of triphenylphosphine (56.7 mg, 0.216 mmol) and 2-(azidomethyl)-8-

fluoro-3-(2-(methylsulfonyl)phenyl)quinoline (70 mg, 0.196 mmol) in THF (3
mL) was stirred at rt overnight. After 22 h, LC-MS indicated no starting azide
remained and 200 uL water was added to the reaction. The reaction was stirred at
20  rt for 24 h then concd under reduced pressure. The concentrate was partitioned
between 25 mL each Et,O and IN 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



8- Fl uor o- 3- (2- (net hyl sul f onyl ) phenyl ) qui nol i ne- 2- car bal dehyde A m xture of
8-fl uoro-3-(2-(nethyl sul fonyl) phenyl)-2-vinyl qui noline (88 ng, 0.269 mmol),
sodi um pewpDadaw 174072 ng, 0.806 mmol ) and osmi umt et r oxipd@/US4012839%12 0. 013
mmol) in THF (3 nm.) and water ( 1 nL) was stirred at rt for 2.5 h after
which time a white precipitate had devel oped. The precipitate was renoved
by filtratio e f' trate partitioned between 25 nL ea Et QAc and

wat er. The o?ﬁi%ﬁgakéy was washed wit 825 mL brine then stirred over
anhydrous magnesium sul fate, filtered and the filtrate coned under reduced
pressure to %@hoﬂ@eaﬂﬂbﬁfww$W@dVmﬁ@ubﬁﬁh@dmﬂﬁh@U@soN@&%ﬁpQﬁﬂma(ESDorIess
solid by chr _ngqq@z q@ silica gel, eluting with 5% EtQAc in DCM Mass
Spectrum (ESI') me = 6.' (M + 1).A—1478 WO PCT - 98 -

(8- Fl uor o- 3- GQA(nrimt 63((8 fl1610R3H()-pinetinyl sudfio nydp henyDquinotiat 21gDolethijc a

suspensi on o uor .o 2 ul f onyl ) phenyl ) qui nol i ne- 2- car bal dehyde
(57ny, 0.173 pWW“NBEﬁiignﬁPE¥:i rt was added sodi um borohydride (9. 82
mg, 0.260 mmol). The reaction was stirred at rt for 3QHyi n, after which
time the LC-MS indicated only the desired product mas/ regsgnt. Water was
added to the reaction angd the MeOgJas renoved underNTeffuced pressure. The

resi due was p tween Et nd water. The i,c | ayer was
stirred over jﬁh %ﬁ flltered atﬁyth-H [ tr €te coned
under reduced S

fi
further purifi X .
(8- Fl uor o- 3- ( 2- 30 sul f onyl ) phenyl ) qui nol i n- 2- yI) et hanesul f onat e
To a solution of Ma@ (0.017 niL, 0.217 nmmol) dissol vet
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cool ed P=0
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A mixture of (8-fluoro-3-(2-(methylsulfonyl)phenyl)quinolin-2-yl)methanamine
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(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 bath. A precipitate developed within 60 min. After
10 2 h 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 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, 1 H), 7.91 (s, 1 H), 7.75 - 7.89 (m, 3
15 H),7.55-7.73 (m,4 H), 7.30 (br. s., 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 30: 4-Amino-6-((8-fluoro-3-(pyridin-2-yl)quinolin-2-yl)methyl-

amino)pyrimidine-5-carbonitrile

NH,
NH, F l§N NH F
N\ N\
| P —
AN X =
LN B

20  To areaction vessel was added 4-amino-6-chloropyrimidine-5-carbonitrile (24.35

mg, 0.158 mmol), diisopropylethylamine (31.4 uL, 0.180 mmol), (8-fluoro-3-



by an ice bath was added a sol ution of

(8-fluoro-3-(2-(nethylsul fonyl)phenyl)- quinolin-2-yl)nmethanol (60ng, 0.181
nmol ) andworbsyisyt4am ne (0.038 ni, 0.272 mmol) in 2 nL PCHIUS261008992D i n
TLC and LC-Ms indicated sone starting material remained and an additi onal
0.2 equival ents each of MsC and triethyl am ne were added. After 1 h the
reaction was dil ut ifh 20 nL DCM an 0 nL water was added. The organic
| ayer was stﬁﬂ‘éﬁgmwc nhydr ous magne'csj'i msulfate, filtered and the
filtrate coned under reduced pressure to afford a colorless film The
product was (Retlintyhsutnolinrd-hemethandnine 41§ ma, 0.08&angpbend LhESf )- me =
410.0 (M+ 1). A-1 WO PCT - 99 - o

- Cnei dorret P Fnel e RS0 v BRSHg L3RRy | FrRenSRYSbasbiio e mi xt ure of
sodi um azi de fi{tdrd2 3 THE sol@ Sddudiviis Jvaahell wdh e61@\mnt Bt,02E REPaibdridd 55 mml ) in
acetonitrile ( irred for 20 mn_ at rt before l()8-,f|uoro-3-

2 m. t

(2-(mt )supp@miétw“%%y%)tg o) Ay by gy 0T

: Mo - L [ S
stirred oé\;/er lﬁllg% tlg%{n%?ps&%p ﬁgrsl%éﬁ@rﬁtfﬂ% %ﬁaﬂ\{%ﬁ@ | n%i @2/{%{%&%5 §t7§?ti ng
mat erial remgd,nedd iz, deb) 8.691(pi1 HHWECO3 @d.etromonatddl, 11796 &h Urte), Ras
par t1 41 oned. 68t HRbr- By e Hiabh Bofahd Sddtr e Sngadtt: Cpara on vas
stirred over canhyds oy =Rgmesi HMNMsIBEarurh (ESBRed=ay7d 1(he: fj.| trate coned
under reduced pressure to afford a colorless film The product was used

wi t hout f urt ReecipeaEremektaf dhethoghEs Spectrum (ESI) me = 357.1 (M + 1).

e a7

f1 uor o- 3- ( 2- (Ilediopk sul f onyl ) phenyl ) qui noline (70 ny, 0.196 mml) in THF (3

Substrate 2-((5-fluoro-3-(2-(methylthio)phenyl)quinolin-2-yl)methyl)isoindoline-
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-
(methylsulfonyl)phenyl)quinolin-2-yl)methyl)isoindoline-1,3-dione. "H NMR
(500 MHz, DMSO-d6) 6 8.43 (d, J=0.73 Hz, 1H), 8.20 (dd, /=8.1, 1.5 Hz, 1H),

20  7.89 (m, 5H), 7.81 (td, /=17.6, 1.5 Hz, 1H), 7.71 (m, 1H), 7.62 (m, 2H), 7.45
(ddd, J=9.8,7.8,0.7 Hz, 1H), 4.75 (ABq Jas = 16.9 Hz, Av = 122 Hz), 3.03 (s,
3H). Mass Spectrum (ESI) m/e = 461.0(M + 1).

The compounds below were made via the same general methods described above:



m.) was stirred at rt overnight. After 22 h, LC-M5 indicated no starting
azi de remai ned and 200 uL water was added to the reaction. The reaction was
stirred avoro10fi5174284 h t hen coned under reduced pressur @CT/Hise01008ent r at e
was partitioned between 25 nL each Et O and IN aq. hydrochloric acid
solution. The aq. acidic |ayer was nmade al kaline with sodi um hydroxi de and
extracted with 5 DCM The conbined organic | ayers were stirred over
anhydr ous m@né%?mgﬂrate filtered aﬂwé ‘the filtrate coned under reduced
pressure to afford a colorl essA-1478 WO- PCT - 100 - film The product was
used wi t hout Exampmesl m:AMIn@-&tG(&rﬂuomés)lspﬁmmﬂhl(Esl)}nemhxéamlmal 1 (M+ 1).
4- Am no- 6- ((?5 Hnﬂﬁ ﬁ-ﬁoﬁﬁg\fl@yl sul fonyl ) phenyl ) qui nol i n-2-yl ) nmet hyl am no)
- pyrlmdlnegcar onlfC m xt ure of

(8-fluoro-3-(2-(nethyl sul fonyl) pheft) qui nol i n-2-yl ) nmet hanam ne (28 ng,
0.085 mmol ), 4-am no-6-chl oropyri mdi 5-carbonitrile (13.75 ng, 0.089
nmol ) and dii sopropyl et hyl am ne (0.016 nL, 0.093 mmol) in butan-1-ol (2 nl)
was heated in a 80 OC oil bath. A\w Nii t at er devel oped within 60 mn.
After 2 h LCG-Ms indicated no starting & mai ned and the reaction

m xture was renoved fromthe hot oil bary; dqui librated to rt for 90
mn, after which tinme the preci pita gcted by filtration, rinsing

with 5nL 1:1 Bt OGEtOH at rt. The ated solid vvas dried under vacuum

1H NWVR (400 MHz, DMSO d6) dppm84 d, J=1.6 Hz, , 8.10 - 8.21 (m 1
, 1. 91 7,55 7 30 b
ls_i) (s, ﬁBAERIQP %—&(% ﬁlﬁorg_ 3FB%1eglxlq§H10m1 AZ %@%thylaﬁnq_@ﬁp)g g&@?el(% cargory ( IVL.SS

SbéCt r um 3 ES'n)tn[ﬁxﬂas—syﬁﬂl%er(( ¥brh 210(8 fﬁb?dlplp‘hel%ﬁaulnohn 2- yl)rnethyl)lso-
4- Am no- 6- ((8-fI uoro-3 pgrldln ylg%umolln hyl am no)

pyri mi di ne- 511@,(@,115@1153[—121@11@ y Method D MR (500 MHZ D SO 6)06833(d,J=
1.5 Hz, 1H), 7.95 (s, 1 H), 7.86 (m, 1H), 7.70 (t, J =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-Bromo-5-fluoroquinolin-2-yl)methyl)isoindoline-1,3-dione

2-((3-Bromo-5-fluoroquinolin-2-yl)methyl)isoindoline-1,3-dione was
synthesized from 2-amino-6-fluorobenzoic acid via Method A. "H NMR (500
MHz, DMSO-d6) 6 8.81 (s, 1H), 7.99 (m, 2H), 7.94 (m, 2H), 7.69 (dt J= 8.3, 6.1

15 Hgz, 1H), 7.51 (d, J=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).



To a reaction vessel was added 4-am no-6-chl oropyri m di ne-5-carbonitrile
(24.35 ny, 0.158 mml), diisopropylethylamne (31.4 nL, 0.180 mml),

(8-fl uor owB-20001467TBOWO- PCT - 101 - (pyridin-2-yl)qui nol i RCZABR)M0MBIANAM Ne
(38 nmg, 0.150 mml ), and 1.5 niL of nbutanol. The reaction was heated to
115 0C for 1 h, then cooled back to rt and filtered. The solid product was
washed with coI QZEt OH and dri ed _under high vacuumto afford
4amn06(( &mg%zrpyridin-2-y|)quﬁ%ﬁdlin 2-yl)-

met hyl am no) pyri m di ne-5-carbonitrile. 1H NWR (500 MHz, DM5SO-J6) d 8.76 (d,
J = 4.2 Hz, mpge 32 4-aminag-4p-((8floeroc3-phenylquinoin- 21yl$tneﬁ1ylambno)-7 96 (m
IH),791( 7.64 (m 2H), 7.51 (dd, J = 6.9, 4.9 Hz,
IH), 7.27 (b yh'fﬂlg%eﬁrggh@ﬂj 4.9 Hz, IH). Mass Spectrum (ESI) nle =
372.1(M + 1). Specific Exanple of Mthod E:

2- ((5-Fl uoro-3-(2-(nethyl sul fonyl epg) qui nol i n-2-yl ) et hyl )i soi ndol i ne-
1, 3-dione Substrate 2-((5 -fluoro; 3

- (2- (et hyl t hi 0) phenyl ) qui nol i n- 23 hyl )i soi ndol i ne- 1, 3-di one (102 ng,
0.238 mml) was dissolved in 2.4 nL of To this solution was added 288
ng of wet nontnorillonite clay (0.2 g 1 gclay, 1.2 g wet clay
per nmmol e of substrate) and oxone (3 5 mol, 2.5 eq). The
reaction was stirred overnight, fil ‘
-fluoro-3 -(2- (nmethylsul fonyl )phen ui noI imn-2- yI)rret hyI )i soi ndol i ne-

1, 3-dione. 1H NWR (500 MHz, (d, J.=0 IH), 8.20 (dd,
J =8.1, 1.5 HAmingro-((- %@reﬁrp@pquumom %xlanethylanrrnoeépqushrsz cpp; 7.71 (m
IH), 7.62-( ¥ (ABg JAB =
16,9 Ho, Eﬁ)\/ mint?il@was iyﬂﬁleglg&gfgor}l 2= q&? b§0m§ g%%og%{%’lggr%n 3 g))fn ﬁ}y?)?’s_o 461. O(M +
1). The corrpmdwse-ﬂea -dianquendephragborinic adié visdviethgén€rad Dre TSN @8cr i bed

above: A- 1478 W FGVISO-a6)% §.25 (s, 1H), 7.94 (s, 1H), 7.86 (d, J = 8.6 Hz, 1H), 7.81 (td, J
=17.8, 6.1 Hz, 1H), 7.70 (t, J= 4.6 Hz, 1H), 7.57 (m, 4H), 7.49 (m, 2H), 7.31 (br s,
2H), 4.75 (d, J= 4.6 Hz, 1H). Mass Spectrum (ESI) m/e =371.0 (M + 1).
10 Example 33: 4-Amino-6-((5-fluoro-3-(3-fluorophenyl)quinolin-2-yl)methyl-

6

amino)pyrimidine-5-carbonitrile
NH,

'\E\/I[CN

N~ 'NH

4-Amino-6-((5-fluoro-3-(3-fluorophenyl)quinolin-2-yl)methylamino)pyrimidine-
5-carbonitrile was synthesized from 2-((3-bromo-5-fluoroquinolin-2-yl)methyl)-

15  isoindoline-1,3-dione and 3-fluorophenylboronic acid via Methods C and D. 'H
NMR (500 MHz, DMSO-d6) 6 8.29 (s, 1H), 7.94 (s, 1H), 7.86 (d, J = 8.3 Hz,
1H), 7.81 (td, J=17.8, 6.1 Hz, 1H), 7.70 (t, /=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 (ESI) m/e =
389.0(M + 1).



Exanpl e 31: 4- Am no-6- ((8-fl uoro-3-phenyl qui nolin-2-yl)nmethyl am no).

pyrim di ne-5-carbonitrile

4- Am no- 6w Q(28tofisumn o- 3- phenyl qui nol i n- 2-yl ) net hyl am no) pgriuseaionse9s2 car bon

trile was synthesized from

2- ((8-fluoro-3-phenyl quinolin-2-yl)nmethyl)isoindoline- |,3-dione by Method

D. 1HNNR (50 de) d 8 33 (d = 1.5 Hz, IH, 7.95 (s, 1 H, 7.86
SR Tde

(m , ('m 2H), 7.57-7.47 (series of m 5
H) 731(br s 2H), 475(d, J . Mass Spectrum (ESI) nme =
37 (M + 1)Examp(lq 34: Blf-émngbf-ﬂ(w,éqhﬂwolphew ByfhorpquinpwiZndol i ne-

1.0
1, CS% gl one 2- §'e)§1 &@W‘QHH% 'Sn&lr'bgni%r yel ) met hyl )i soi ndol i ne- 1, 3-di one

was synt hesi Iuoro enzoic acid via Method A 1H NIVR (500
MHz, OMS0-d6) d 8.81 (s, IH), 7.99NHm 2H), 7.94 (m 2H), 7.69 (dt = 8.3,
6.1 Hz, IH), 7.51 (d, J=8.6 Hz, | cd7 (ddd J = 10.0, 7.8, 0.7 Hz, | H),
5.16 (s, 2H). Mass Spectrum (ESI )Nm = 385.0, 387.0 (M+ 1).A-1478 WO PCT
- 103 - Exanple 32: k\N H

4- am no- 6- ((5-fl uoro-3-phenyl qui nol1 n-2-y
pyrim di ne-5-carbonitrile 4-Am no-6- ((
-phenyl qui nol i n- 2- yI)rret hyl am no)pr 1

met hyI am no) -

carbonitrile was synt hesi zed
ylI)i soi ndol i ne- 1, 3-di one and
phenyl boroni o aci d via Methods C a » 1H NVR (500 MHz, DMSO-J6) d 8.25
(s, I'H, 7.94(5, IH), 7.86 (d, J .6 Hz, IH), 7.81 (td, J = 7.8, 6.1 Hz,
IH), 7.70 (t, J 4.6 Hz, IH), 7.57 [m 4H) 7.49 (m 2H), 7.31 (br s, 2H),

4.75 (d, J =44 Ex I
33: 4( Ami no- g ??%ﬂdfz? tgdglr:bg SBM@%&O?E%% %ﬁ&ﬁ?&ﬁ%% n- %g%rgnngt}%)g?’%ﬂn%dno) e

pyri m di n- 5ikcadeepnitiileavas synthesmed rom 2-((3-bromo-5 ﬂuoroqulnohn 2-yl)-

methyl)isoindoline-1,3-dione and 3, 5-difluorophenylboronic acid via Methods C
and D. 'H NMR (500 MHz, DMSO-d6) & 8.32 (s, 1H), 7.94 (s, 1H), 7.87 (d, J =
8.6 Hz, 1H), 7.82 (td, /= 7.6, 5.9 Hz, 1H), 7.69 (t, /= 4.6 Hz, 1H), 7.50 (dd, J =
9.0, 7.6 Hz, 1H), 7.40-7.25 (series of m, 5), 4.79 (d, /= 4.9 Hz, 1H). Mass

10  Spectrum (ESI) m/e =407.0 (M + 1).
Example 35: 4-Amino-6-((5-fluoro-3-(2-(methylsulfonyl)phenyl)quinolin-2-
y)methylamino)pyrimidine-5-carbonitrile

NH,

|

N° 'NH

=
LT
SO,Me

4-Amino-6-((5-fluoro-3-(2-(methylsulfonyl)phenyl)quinolin-2- yl)methylamino)-
15  pyrimidine-5-carbonitrile was synthesized from 2-((3-bromo-5-fluoroquinolin-2-

yl)methyl)isoindoline-1,3-dione and 2-(methylthio)phenylboronic acid via

Methods C, E, D. "H NMR (500 MHz, DMSO-d6) & 8.42 (d, /= 0.7 Hz, 1H),

8.15(dd, J=8.1, 1.2 Hz, 1H), 7.91 (s, 1H), 7.90-7.78 (series of m, 4H), 7.66 (t, 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, 1H),
20  7.30(s,2H), 4.53 (ABX, Jag = 17.4 Hz, Jax = 4.9 Hz, 1H), 4.42 (ABX, Jap =



4- Am no-6-((5 -fluoro-3

-(3-fl uorophenyl ) qui nolin-2-yl)nmethyl am no) pyri mdine- 5-carbonitrile was
synt hesi 2&0 2broarsi 20 ( ( 3- br ono- 5- f | uor oqui nol i n- 2- yl ) met hpCXAIS2010/039942

i soi ndol i ne-1, 3-di one and 3-fl uorophenyl boronic acid via Methods C and D.
1H NI\/R(SOO MHz, DMBO-J6) d 8.29 (s, IH) 7.94 (s, IH) 7.86 (d, J = 8.3

: 8, 6.1 Hz, 770(t,J 4.6 Hz, IH, 7.57 (d,
J = 8 1 6. 1%5%\%]01’9 31 (m 3H), 4 71@ (d, J = 4 9 Hz, 2H). Mass Spectrum
(ESI) me = 389.0 M+4L1£% A-1478 WO- PCT - 104 - Exanple 34:

4- Am no- 6- ( (37(1315-/di F14oHapHehyI0p-(5-FDudlesydpassbin(ESD) m/e = 449.0 (M +

yl ) met hyl am g9)pyr|md| ne-5-carbonitrile

4- Am no- 6- ((3-°(3, 5-di fl uorophenyl ) -5-f1l uoroqui nol i n-2-yl) net hyl am no) pyri m
di ne- 5- car bdhxianmlé %V%GAHB;JMGQ(QS-lfhme-BF(pyndm 2-yl)quinolin-2-yl)methyl-

2- ((3-brono-5-1.1 uor oqui.nol %1 -~ met hyl )i soi ndoline-1, 3-dione and 3,

5-di fl uorophéH}}P@ idingx #‘83 ﬁt fhods C and D. 1HNMR (500 MHz, DMVSO-J6)
d 8.32 (s, IH), 7.94 (s, IH) 7.87NHJ, J =8.6 Hz, IH), 7.82 (td, J = 7.6,
.9 Hz, IH), 7.69 (t, J 4.6 Hz, C,\?.SO(dd,J=9.O, 7.6 Hz, IH,
0-7.25 (series of m 5) 4. 79N 4.9 Hz, IH. Mass Spectrum (ESI)
= 407.0 (M + 1). Exanpl e 35: 5 }

no- 6- ((5-fl uoro-3-(2- (methylsmfo yl ) phenyl ) qui nol i n- 2-

t hyl am no) pyri m di ne-5-carbonitri 0-6-((5 -fluoro-3

met hyl sul f onyl ) phenyl) qui nol i n- 2- | am no) -

m di ne-5-carbonitrile was synt
3- brono- 5-f 1 uoroqui nol i n-2- yl) yl )i sdi ndol i ne-1, 3-di one and
thyl%hi 0) phenyl boronic acid via Methods C, E, D. 1H NVR (500 Mz,
OVsSO- d6) d 8 442m(re-6- ﬂ(5=illmr6-3l-{;)yrldih‘i)2 yBquibol{rdd; yl)ﬂneﬁl}Barﬂll,nojpyerIb:ﬂdl,neJrSI-{) 7.91
(:S7 6 1 ) Hfar%ml@rll ;g{g)lﬁgfualgavas szgth%s%ed fgorg(Z-(iS-%rngo-ST ordqulnl_c?lln-g- 61 (dd, J

yl)methyl)isoindoline-1,3-dione and 2-(tributylstannyl)pyridine via Methods B
and D. 'H NMR (500 MHz, DMSO-d6) & 8.76 (ddd, J = 4.9, 1.7, 0.7 Hz, 1H),

10 8.52(d,J=0.7Hz 1H), 8.02 (td, /= 7.8, 1.7 Hz, 1H), 7.95 (s, 1H), 7.90-7.79
(series of m, 4H), 7.50 (m, 2H), 4.97 (d, J = 5.1 Hz, 2H). Mass Spectrum (ESI)
m/e=372.1 (M +1).
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7.30 (s, 2H), 4.53 (ABX, JAB = 17.4 Hz, JAXx = 4.9 Hz, IH), 4.42 (ABX, JAB
=A- 1478 WO-PCT - 105 - 17.1 Hz, JBx = 4.6 Hz, IH), 3.03 (s, 3H). Mass
Spect rumwasnjo/mmao= 449.0 (M + |)- Exanple 36: PCT/US2010/039942

4- Am no- 6- ((5-fl uoro-3-(pyridin-2- )qU| nol i n-2-yl ) met hyl am no)

5 -fluoro-3

)pyrlnldlne-5 - carbonitrile
rrono- 5- f | uor oqui nol i n- 2-

i butyl st annyl ) pyri di ne via Methods
‘(mchoxy-&phergflqmnvhne) 7 Hz, 1H),
8,

pyri m di ne-5-carbonitrile 4-Am no-

((5
-(pyridin-2-y 2-yl)nmethy | am
carbonitril e%%%s% hggl zed from 2-(

yl) met hyl )i soi ndol i ne-I, 3-di one and 2- (tr
Band D. 1 Nlﬂxa(lmbeﬁ’mz(l brEapetbyl)-¢-idu

8.52 (d, J =0.7 Hz, IH), 8.02 (td, J 7. 1.7 Hz, IH),
7.90-7.79 (s s off m 4H), 7.50 £m I\,|e4 97 (d, J 2H). Mass
Spectrum ( ESI 372. - (M + 1 I - 10€

2- (1 -bronoeth - 4—tretho Gyi net+re A m

4-chl oro- 2- et hyl - ¢ L 3- phenyl qui nali pe £600 ny, 2. nmN) and NaOwe
(125 ngy, 500 ngy 25‘W|n I\/EC]-I 1.1 eq) In NeoH (5 m) was stirred at rt under
N for 30 m nA Nixtpreaddethloa -cthglet-fladrob3-phéivifyuiddimen 6@k igph | mdlir e was
heated to 50 0 n ce r ct ted by LCMS.
The reaction ﬁ&k@éﬁ @gg %5@@”}%@3}) @”&ﬁ%g ?ﬂgbﬂ/g@g{?ﬁﬁ@ Streated with
0.5 ml 2556 Naved att MedIriNgtfoB1h éa. N prodiit wAk bBSereciddyl DOMS? THe, the
reaction mxture was neutralized with acid, diluted with Et OAc washed with

water, bri ne 'gASHOR ABXtEreguR heatedye PO Lo muarmigits L Feh aporntofguodipt wabi f | ash on

80 g coI umm I M\ﬂaﬁs Spectrum
(ESI) me = gigtrzeg(%%l/bg)@t?\% Tﬁ&egﬁloé%b%gggggﬁ%? a\gg disgogﬁ%in@ ui hol i ne (284

mg, 1.0 mol ynlaraditeaicdingtiibad, BSGINeeYy imyE&H o190 262 Sy, After

cooling to rt, the reaction mixture was neutralized with acid, diluted with EtOAc

1
o
1
@)
O
1

10  washed with water, brine and the organic layer concd and then purified by
combiflash on 80 g column (EtOAc/hexane, up to 20%) to give a white solid.
Mass Spectrum (ESI) m/e =282 (M + 1). 2-Ethyl-6-fluoro-4-methoxy-3-phenyl-
quinoline (284 mg, 1.0 mmol) and 1,3-dibromo-5,5-dimethylhydantoin (202 mg,
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 (ESI) m/e = 360, 362 (M + 1).
2-(1-(6-Fluoro-4-methoxy-3-phenylquinolin-2-yl)ethyl)isoindoline-1,3-dione

O OMe
O

P
N

O=N~_0

A mixture of 2-(1-bromoethyl)-6-fluoro-4-methoxy-3-phenylquinoline (360 mg,
1.0 mmol) in DMF (5 mL) was treated with phthalimide potassium salt (278 mg,



0.7 eq) were suspended in carbon tetrachloride (15 nL). To the m xture was
added benzoyl peroxide (24.5 ng, 0.1 eq) and the m xture was heated at
refl ux fowo2o0tv/15T@0t he mi xture was added satd aqg. sodi ulrChiusasloosetze
solution (3 nL). The |l ayers were separated and the aq. |ayer was extracted
with DCM (30 nL x 2). The conbined organic |ayers were washed with brine
(30 n), drled um sul fate, f||t red, and coned under reduced
pressure to %yga{ycbgg ge syrup. Mass §§ectrum (ESI) me = 360, 362 (M +

1).

2-(1-(6-Fl uorloifll})@ﬁ@mtghy Bhpreaetjonguixtercives hegted & 68/7G fadi mddiMbe- | |, 3- di one
A m xture of h e(360 ny,
1.0 mol) in %({@"ﬁﬂ?& Eﬂl% Feglg{lélg&é\n&fl% \g%tﬂﬁf%m lggagt%%lgsm u Ilécglt (278
ng, A- 1478 WOHRQAc2AML)- The Blyeq)waweasparagm andTthe aq. dayzarmﬂ criradted eithvas heat ed
to 60 OC for dco tion. The reacti ture s diluted
with water ?%Oﬁf)(hfﬁ@ 2o P e&e) OTEHEC | aasrér%efw%eéaﬁﬁmﬁtsa nd the aq.
| ayer wass extrﬂlasatzgednmt(m ﬁm%ﬁqeﬁb&emodmﬁkulf&@qal&%ﬂ)aﬁteeb@ag@aerc | ayers
were washed with water (10 nL x 2), brine (10 .nlL), dried over sodjum

sul fate, fil teueed PigpyreorEye ﬁWé‘E? S@%J@Wﬁ?@@ﬂﬁs@w@%bwow iflshe solid.
m: tsengf)ﬂ 'da|(1'3vl1‘,(fﬁé§c/l(?é4{ah$ 1184) tQB_gn%OJWhlfté ﬁw)%'a VES Ghchhgxang 7 A4 to give a
2-(1-(6-Fl uo120(-1f(ﬂ“l?dﬁw?—lwdmﬁ’n%rphwﬁqulnnlln-ly}’l)@hhlylls9llndollmjb,l3r(hen¢ 3-di one
To a sol ution of
2-(1-(6-fluoro-4-hydrogy- @%‘henyl qui nol i n- 2-yl )£

I)ospl ndol i ne- |, 3-di one

(58 ng, 0.14 mmol) R DM s added BBr . , F9 €q) at 0 OC.
The reaction m xture vvaslall i to warmto rt oVernj e reaction

m xture was partitioney ' and td_sol ution (5 ni).

The organic | ayer S y d with water, brine, dr ed and coned to give a

white solid, which u as such for the ne N Mass Spectrum

10  To a solution of 2-(1-(6-fluoro-4-hydroxy-3-phenylquinolin-2-yl)ethyl)isoindol-
ine-1,3-dione (58 mg, 0.14 mmol) in DCM (3 mL) was added BBr3 (IM, 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

solution (5 mL). The organic layer was washed with water, brine, dried and concd
15  to give a white solid, which was used as such for the next step. Mass Spectrum

(ESI) m/e =413 (M + 1).

4-Amino-6-(1-(6-fluoro-4-methoxy-3-phenylquinolin-2-yl)ethylamino)-

pyrimidine-5S-carbonitrile

NH,
_ N CN

N
o=y Sy

Hy
N ~ N " N
X l N F < |

F N F
& L.

M oM
20  2-(1-(6-Fluoro-4-methoxy-3-phenylquinolin-2-yl)ethyl)isoindoline-1,3-dione (110
mg, 0.26 mmol) was suspended in EtOH (2 mL) and treated with NHyNH, (0.2



(ESI) me = 413 (M+ 1).

4- Am no- 6- (| - (6-fl uoro-4-nmet hoxy- 3- phenyl qui nol i n-2-yl ) et hyl am no) -
pyrim di n€oRonarshbmnitrile 2- (| PCT/US2010/039942

- (6- Fl uor o- 4- net hoxy- 3- phenyl qui nol i n- 2-yl ) et hyl )i soi ndol i ne- 1, 3-di one (
110 nmg, 0.26 nmmol) was suspended in EtOH (2 nL) and treated w th NH2NH2
(0. 2A-1478 - - niL) at 60 0OC for 30 mn. After cooling to rt,
the reacti omg%%}ggg partitioned b Ofsen Et OAC (10 rnL) and water (5
mL). The organic |ayer was washed with water, brine, dried and coned to
give a yel | omf)aanp “GHPcH) was Aftes geelthaiptrh thereaction mixture was partitioned

(0. 062 e, 100eh BIONELrf TP ALk 3 B SoFhshgude BuERba RIS F s

m xture was oeodreditodritd anicopud td gied alyyllowe Vems eviptiases thfREl (BN H20,
(500 . VBT g sratnypabine - S Bo Rl Rl gy Bejpbs’, 5
(dd, J = 40. 6aL,3.Ded¥an nlBﬁ%st ?I{LJ)%L 3%00f®bv&hbght.7ﬁhégea%ti5ﬁ nfiurdhrdls 5. 28-5. 31

IH), 3.56 3H), 1.2 d, .0 Hz, 3H). NMass Spect ESI) me =
Esz (W+ 1). coél%%fq%|an%a%%¢jf1%reaﬁrée plaseHIdY G\?P‘ﬁﬁ/lﬂ;ipkﬂ%%ﬂ%ur h(exan)e ©

radient, AD columm. -T ssignnent. of chirality is, he
b1 ochen cal _dSRAIE B et HaiC Rt e At L A0OR A Eeanp! o 38:
(S) - 4- ami no- x5l 8'8%%8&,3]“%6.69?%!?1’%; @H?,@(é(ﬂdé! mj,'7rk4?(alb{,' 3=10.0,5.0

et hyl am no) pyri m di ne-5-carbonitrile and (R)-4-amno-6-(l-(6-tluoro-4-
met hoxy- 3- phétry LJuiTHl-7.84 Zmy EHBIAR-A66 Go) i), iSided. Be (B, Bd), Bdoi(sr3H)e Raceni c

4-am no- 6= (| - (K- 5! por,e+4; - 3s phenyl aui\nol i_n; 2- t hyl am no) -
pyri m di ﬁ% 5-1(: r(gb#i tlﬁioﬁéﬂ‘(ﬁ%ﬁﬁ%isa%geggﬁ%r(lﬁslberﬂ)ebyé‘%ﬂgﬁam (i sopropanol -
/ hexane, up tcChifaPomeiualnim@ulfiddush@ NoprophhdlSiexdncaghdions APedoturaonbi ned
and : e . .

-The assignment of chirality is based on the biochemical data.

-Rotamers of amides are arbitrarily assigned.

Example 38: (S)-4-amino-6-(1-(6-fluoro-4-methoxy-3-phenylquinolin-2-yl)-

15 ethylamino)pyrimidine-5-carbonitrile and (R)-4-amino-6-(1-(6-fluoro-4-

methoxy-3-phenylquinolin-2-yl)ethylamino)pyrimidine-5S-carbonitrile

NH, NH; NH,
N k\N NH k\

| |
N™ “NH N NH
e g2, Y
TR LT o
OMe OMe O OMe

Racemic 4-amino-6-(1-(6-fluoro-4-methoxy-3-phenylquinolin-2-yl)ethylamino)-
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-amino-6-(1-(6-fluoro-4-methoxy-3-phenylquinolin-2-
yl)ethylamino)pyrimidine-5-carbonitrile (stereo center was assigned based on
biological activity compared with earlier compounds), 'H-NMR (400 Hz, CDCls)

25 08.06(dd,J=8.0,4.0 Hz, 1H), 8.03 (s, 1H), 7.65 (dd, J = 8.0, 4.0 Hz, 1H), 7.40-



coned under reduced pressure and the resulted solid was washed with water

to give a wh

ite solid as

(S) - 4- aniwWO-2610(151746- f | uor o- 4- net hoxy- 3- phenyl qui nol i n- 2PCT/US2010/039942

yl) et hyl am no) pyri m di ne-5-carbonitrile (stereo center was assi gned based

on bi ol ogi cal activity conpar ed mith earlier conpounds), 1H NMR (400 Hz,

CDCl 3) d 8.06

4.0 Hz,

5. 40-5. 48 (

Mass Spectru
(R) -4- Am no-

pyrim di ne-5

(m 4H, 7. 3
1.21 (d, J =
39: 4- Am po-

ethylanino)p

2-(1-(6- FIuoﬁdﬂMlﬁQﬂn0%§%34@Héﬁ9ﬁQUHﬁb5Qﬁ(24¥D)éﬂﬁﬂ&ﬁfﬁoiﬁbﬁLﬂﬁéi0,3-dione

| ayer was wa
Mass Spectru
4- am no- 6-ch
base (0.031

m xture was

10% 50% cont
(400 Hz, CD3

15

20

= 8.0, 4.0 He, 8. 03 IH), 7.65 (dd, J = 8.0,
‘%W]OLH‘?& WO- PCT - 109 10? “47 (EnS 4H)H) 7. 30- 7(40 (m 2H),

5.28 (s, 2H), g_s48(3H) 1.21 (d, J = 8.0 Hz, 3H).

mw?g;,ﬁngse_-wpg(n( RID. 5140 m, 1H), 5.28 (s, 2H) 3.46 (s, 3H),

| 1) et hyl
T Eohr S TS SRR A6 e 5) S 06 (. 9
8.0, 4.0 Hz, (RBM-ABIQB6{(S-(64kpro-Z-nGShxyel pHen‘-ykfimﬂqhn@-@l)thlahﬁi)q) 7.40-7. 47

2 i Spgbonieisy 1 €5ed) U BiGonTle CobTa sttt el e

8-of L:o(fez, f1| 0g 03 fs Il‘l? §%cd%r, P& 4RO )7 Z0Y A7 (m, 4H),

rinidine lcar

hydrazi ne (079 R ApSogegetf RS BPEIRi e cool 1o Te - the reaction |

m xture was [xatiple d9reti Alneihose(l-(6t ik o(4l By dioxy-SApheaiqrinlin-2iyl)- The organi c

This solid was treated with
| or rimdine- 5- carbonitrile (22.5 ng,
m., eq) inn-BuCH ( 1 nL) at 120 0C o
coo tort. and purified by reverse p
e
QD)

% gagp)no glml(&gglgri nﬁmllgrdeed and coned to give a white solid,

2-(1-(6-Fluoro-4-hydroxy-3-phenylquinolin-2-yl)ethyl)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 rt, the reaction mixture was
partitioned between EtOAc (10 mL) and water (5 mL). The organic layer was
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 eq) and Hunig's base (0.031 mL, 1.2 ¢q)
in n-BuOH (1 mL) at 120 °C overnight. The reaction 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. 'H-NMR (400 Hz, CD;0D) § ppm
1.54 (3H,d)5.24(1 H, q,/=7.17Hz) 7.30 (1 H, br. s.) 7.42 (1 H, m) 7.50 (2 H, t,
J=7.53 Hz) 7.56 (2 H, ddd, /=9.19, 8.02, 2.93 Hz) 7.82 (1 H, dd, /=9.19, 4.50 Hz)
7.89 (1 H, dd, J=9.19, 2.74 Hz) 8.09 (1 H, s). Mass Spectrum (ESI) m/e =401 (M
+1).

0 eq) and Hunig's
%%night The reaction

1% TFA) to givenm, White pomderlgs FA salt. 1H NMWR



1.54 (3 H d) 524 ( 1 H q, J=7.17 Hz) 7.30 ( 1 H, br. s.) 7.42 ( 1 H,
7.50 (2 H t, J=7.53 Hz) 7.56 (2 H, ddd, J=9.19, 8.02, 2.93 Hz) 7.82 ( 1 H,
dd, J=9. 0 210361Hp) 7.89 ( 1 H dd, J=9.19, 2.74 Hz) 8PQ¥/US2010/63998) . Mass
Spectrum (ESI) me = 401 (M+ 1).A- 1478 WO-PCT - 110 - Exanpl e 40:

2- (1 - Bronoet hyl ) - 4-chl or o- 6-f | uor o- 3- phenyl qui nol i ne To a sol uti on of

4- chl or o- 2- et hyl - 6- 0- 3- phenyl qui nol.ine (7 g, 24.50 nmmol ) and

|, 3-di br ono- é%‘-‘lﬁ\@ﬁ& i mi dazol i di ne-218-di one (4.90 g, 17.15 mol) in Cd
(200 nL) was added benzoi ¢ peroxyanhydride (0.593 g, 2.450 mmol) and the
resul ting nmi xampledd: htlaBeemoethybid-chdexp-6-dluopod-phpmglquindineon was
nmonitored using LCMS. The reaction mxture was warmgg to rt. To the mxture
was added sat'd NaHCO (200 nL). The layers were sep ratﬁd and the ag. |ayer
was extracted with DS nd the conbi ned organkT hayeg was washed with
r educed

Qui nol i ne.

pressure to affor

2-(1-(4-Chl oro-6- i sofhdol i ne-1, 3-di one A

m xture of 2-(I-brohoethyl)-4-chloro-6-fluoro-3-phenylquinoline (9.5 g,

26.1 nmol ) and PpRhaksiofmdhictod-&k L@ﬂh&@%-gﬂergdqml{n%éig, . 5@Hdolymol ) in

DVMF was heated to 60 OC for 2 h. EtQAc (200 nL) was added and washed with

wat er (200 nipd 1grdiwmmeSdlimetybnetazebeinemsdiprate?0 ghd- Sonpehtinwas

usi mg. £t ol < HEZRRE B E NGB per iR R finh GRLEYE 95, 2480 Aot} ornl T ash
- () (0 = 0.

2- (| - (4- chl otle-®sfliingmoxtBrephasmehgditaodfiume@ foryl . etlrpdedétmni wabohomewréd 3- di one

as a yellow sh soli 1478 WO-PCT - | | | - .

2 (- 50 SReE Lo Sy Sty syt o - dhdhy itimsorssaddst

carboni tril esat'd NaHCO5 (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-bromoethyl)-4-chloro-6-fluoro-3-phenylquinoline.

2-(1-(4-Chloro-6-fluoro-3-phenylquinolin-2-yl)ethyl)isoindoline-1,3-dione

Br O™ ™N70
oY T T oY

Cl Cl
A mixture of 2-(1-bromoethyl)-4-chloro-6-fluoro-3-phenylquinoline (9.5 g, 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  ylethyl)isoindoline-1,3-dione as a yellowish solid.



A m xture of

2- (1 -(4-chl oro-6-fluoro-3-phenyl qui nol i n-2-yl)ethyl)isoi ndoline-I|,3- dione
(50 ng, OwO208/w0), tributyl stannanecarbonitrile (36. PCRS2@0039%82 nmol ),
di cycl ohexyl (2',4',6' -triisopropyl bi phenyl -2-yl ) phosphine (33.2 ng, 0.070
mol ) and palladiun{l1) trifluoroacetate (11.57 ng, 0.035 mml) in NWP (2
m.) and Cy N . was purged with N and the resulting m xture was
heated to 15%‘9&)@&1&%1% m crowave for lglﬁ. The reaction only showed
starting materials. More Pd(TFA)2 (up to 1 Eq) and
di cycl ohexyl (2'2('1:(4;3,-BiOXDiSml@@ﬁhdpylbﬂihﬂh-éni}lm@%rp)len)@%‘dﬁpﬁﬂ%é— was added and
heated to 15Q, niit'}iléhe m crowave for 1 h. At this tinme EtOCAc was added.
The organic extract was washed with water and dried over sodium sulfate.

The solution was fjilfered and coned in vacuo. The crresi due was
purified via conbg % h using Et CAc/ hexane ( 1:4) to

2-yl)ethyl)-6-flugroX3-phenyl qui nol i ne-4-carbonitrd
solid. To a sol bti oW of

yl) —6-
75 mmol) in EtOH (2 ) ydr azi ne

e resulting mxture wj
forA- 1478 WO P 20 mn. The reaction m xt txg”wasChl | owed to warm
tort and solid wa&s fiH ered. The filtrate was coned under reduced pressure

and used crudemtQfircldte-M8%Lchid8R- IR0 13 .eﬁglldlqglolin-2-yl)ethyl?isoindoline-l,3-
2- (I -am noet hyl ) - 6-f1 uor o- 3- phenyl qui nol i ne-4-carbonitrile (51.1 ng, 0.175

mmol ) i n Buodique15Gg, 0d$6 avaay th A staon@Brarhpnitile 2307 mep D)l 1amtmelhe
resulting m r heal : Wer i T ch | 1 Xf ure was
allowed to vv)gic Cﬁgg\gtﬁ(zdﬁﬁh ?%F%Oééglpﬁ %}?\gﬁé@h}g%lgﬁj@%%@gdépﬁmﬁﬁfr al
separation. FhepéliddiuvradlB tmbsorsadstee (1ddb 7 0gHPLIS purol ¥ ind&VIP¢A mL) and
2-(1-((6-Am %%I;Igl_\/fey @%%'nﬁ‘i)r%s' ﬁ?lrgéd" %}t?l %g‘larqg )[heetrgXdl’?iﬁgGr_Ilfb!tHr%rv%ssﬁthgg ?3/ -4

150 °C using a microwave for 2 h. The reaction only showed starting materials.

10  More PA(TFA), (up to 1 Eq) and dicyclohexyl(2',4',6'-triisopropylbiphenyl-2-yl)-

4-carbonitrile (73.9
(0.055 nm, 1.7547R

phosphine was added and heated to 150 °C in the microwave for 1 h. At this time
EtOAc was 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-phenylquinoline-4-carbonitrile as a light yellow-
ish solid.

N
—>
A
C SRS
CN
N F
CN
To a solution of 2-(1-(1,3-dioxoisoindolin-2-yl)ethyl)-6-fluoro-3-phenylquinoline-
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



1

1

qui nol i necarbonitrile 1H NWR (500 Hz, CD3OD) d ppm 1.48 (3 H, d) 5.67 ( 1
H,qJ677Hz)756(1Hrr)761(4Hrr)780(1th J=8.80, 2.45
Hz) 7.86 woRotd/15edp J=8.80, 2.69 Hz) 8.06 ( 1 H, s) 8.3PC/uB2Hp/08a$42 J=9. 17,
526 Hz) Mass Spectrum (ESI) mle = 410 (M + 1).

2-((1'S)-1-((6-Am no-5-cyano-4-pyrimdinyl)am no)et hyl ) - 6- f | uor o- 3- phenyl -
4- qui nol i nec 1H NVR (400 Hz d ppm1.41 (3 H d) 5.59 (
H q, J=6. 72%%%{"@"&1 H m 7.61 (411§D3n) 7.80 (2 H m 7.93 ( 1H s)
830( 1 H dd, J=9.19, 5.28 Hz). Mass Spectrum (ESI) mle = 410 (M + 1).
2-((IR -1 -((Qﬂmnnahﬁrwammtpgﬁrwaﬁadlhowﬂ)t@wm)@ttmd)wlaiwamﬁk@e - phenyl -
4- qui nol i nec ( ) 5.59 (
H q, J=6. 78%&1?%%%} % %wﬁf%g‘gcf% ﬁ%%?&ﬁ%&@éﬁ%%%}%gﬁ ( 1H s)
8.30 ( 1 H dd, J=9.29, 5.18 . Mass Spedtrum (ESI) nlee = 410 (M +

1). A-1478 WO-PCT - 113 - Exaw%}%‘l A sol ﬁ{g‘?“of 2- (Iy?~CN

- (4- chlor06flro3phenyldi,u I|n2yque| I)|30|ndQ {ne- 1,3- dione
(50 ng, 0.1 16 - et hoxyethanani ne (\53%'5 0. 1N 16 Ntol ) |

di cycl ohexyl ( t riiBopr nyl - "6 ny,

0. 023 mol ), i ter t- but oxj 4 e 2Qd AR 53) 3
(10.63 nmy, 0.9£2 nitbl) in tolu 30 min
The reaction mxture was allowed to warmto ft and parti bet ween

Et OAc and watTerthe ditnde 0#(Qaniitodtiay B o-fdso-Babbeyd qindlnd4-cadorindlcdfi.éd over

sodium sul fate oI ent S_r under d pr.es The crude
resi due was P fll P IE:QH@FI? argwm% ?ﬂjieg%iﬁg (O%ﬁ S]jj'0210mmof) an

10

15

20

the resulting mixture was heated at 120 °C overnight. The reaction mixture was
allowed to warm to rt and solid was filtered and submitted for chiral separation.
The filtrate was subjected to HPLC purification.
2-(1-((6-Amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6-fluoro-3-phenyl-4-
quinolinecarbonitrile

'H-NMR (500 Hz, CD;0D) § ppm 1.48 (3 H, d) 5.67 (1 H, q, 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, /=8.80, 2.69
Hz) 8.06 (1 H, s) 8.32 (1 H, dd, J=9.17, 5.26 Hz). Mass Spectrum (ESI) m/e =
410 M + 1).
2-((1S)-1-((6-Amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6-fluoro-3-phenyl-
4-quinolinecarbonitrile

'H-NMR (400 Hz, CD;0D) § ppm 1.41 (3 H, d) 5.59 (1 H, q, J=6.72 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 (ESI) m/e =410 (M + 1).
2-((1R)-1-((6-Amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6-fluoro-3-phenyl-
4-quinolinecarbonitrile

'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=9.29, 5.18 Hz).
Mass Spectrum (ESI) m/e =410 (M + 1).



Et OAc/ hexane (30% to obtain 2-(I-(6-fluoro-4-(2-nmethoxyethylam no)- 3-
phenyl qui nol i n-2-yl)ethyl)isoindoline-|,3-dione as a yellow oil.
4- Am no- ewQl20(065i1400r 0- 4- (( 2- met hoxyet hyl ) am no) - 3- phenycTarsquiciosdinyl ) -
et hyl )am no) - 5-pyri m di necarbonitrile To a sol ution of
2-(1-(6-fluoro-4-(2-nmethoxyet hyl am no) - 3- phenyl qui nol i n-2-yl) -
ethyl)isoindaline-l,3-dione (73.9 ng, 0.157 nmmol) in EtOH (2 nL) was added
hydr azi ne (Oﬁﬂhmo'fe 74 mol ) and t'kllé%r'esul ting mxture was heated to 60
O0CA- 1478 WO-PCT - 114 - for 20 min. The reaction mxture was allowed to
warmto rt akxagwledlwas filtered. The filtrate was coned under reduced
pressure and used crude_for the next step. To th rude sol ution of
2- (1 -am noet hyl ) -6-fl N- ( 2- met hoxyet hyl)- 3 yl qui nol i n-4-am ne (25
ng, 0.074 mmol) in BuOd g3 nmL, 0.189 nmol) and
4- am no- 6- chl oropyri mi.di ne-5-carbonitrile (24,33 NMhx. 157 mol) and the
resulting mxture SN rred at 110 OC overni ghtN" ThHe reaction m xture was
cooled to rt and purified Wwa JPLG———» _N
4- Ami no-6- (1 -(6-fl uoro-4- oxyet hyl ) am no) - 3- @el
et hyl ) am no) - 5- pyri m.ehge égle 1H NWVR ( ,
' 3

2-qui nolinyl)-
CB&ODF d ppm 1.53 (3

' (&nH M 4.99 (1 H m
7.48 (1 H m 7.64 7.80 (2 H m 8.03 1H’;LS) 8.08 ( 1 H dd,
J=9.39, 4.89 Hz) 8.22 ( 1 H, dd, J=IQAl, 2.64 Hz). N% Spectrum (ESI) nie
= 458 (M + 1).

4- Am no-6- ((( ﬁ)lution((ﬁ“-zf-dIU@E&ﬂéln_(({-ﬁudﬁﬁtﬁgﬁ&@ldﬁ:ﬁ{di@fﬂ-9%éth§bﬂ§&ﬁﬂdﬁnezl',3-
qui nol i nyl ) et hyl ) am no?)-S- pyri m di necarbonitrile 1H NVR (400 Hz, CD30D) d
ppm 1. 30 (d, dipsg (A@mgz0.136 pymad), Pemethoxgethgnaminay8.72gma 0. t 1y mmof)y dg 28 - " 3. 31

(m 2 H 5. 23y{18hexdf8. £8'tBsoplogPlbifh§l-2-ylyphdsphifle (1.0 me, 0.023 mmol),
sodium tert-butoxide (33.5 mg, 0.348 mmol) and Pd,(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
layer was washed with brine and dried over sodium sulfate solvent was removed

10  under reduced pressure. The crude residue was purified via combiflash using
EtOAc/hexane (30%) to obtain 2-(1-(6-fluoro-4-(2-methoxyethylamino)-3-
phenylquinolin-2-yl)ethyl)isoindoline-1,3-dione as a yellow oil.
4-Amino-6-(1-(6-fluoro-4-((2-methoxyethyl)amino)-3-phenyl-2-quinolinyl)-

ethyl)amino)-5-pyrimidinecarbonitrile

NH,

0PN 0 S

N~ 'NH

15 |
To a solution of 2-(1-(6-fluoro-4-(2-methoxyethylamino)-3-phenylquinolin-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



7.43 - 7.47 (m 1 H) 7.48 - 7.55 (m 2 H 7.55 - 7.61 (m 2 H 7.82 (dd,
J=10.76, 2.74 Hz, 1 H 7.94 (s, 1 H 8.01 (dd, J=9.29, 5.58 Hz, 1 H). Mass
Spect rumwashio/mi=o= 458 (M + 1). PCT/US2010/039942

4- Amino-6-(((I R -1-(6-fluoro-4-((2-nmethoxyethyl)am no) - 3-phenyl -

qui nol i nyl ) et hyl ) am no) - 5- pyrim'di necarbonitrile 1H NVR (400 Hz, CD3CD) d
ppm 1.30 (d, J 3.18 (s, 3 H 3.19 (d, J=I. 56 Hz, 0 H 3.21
(d, J=5.28 Hz“%&r??’d;{’% 3.31 (m 2H)¥%5.26 (q, J=6.52 Hz, 1 H) 7.37 -
.41 (m 1 H 7.43 - 7.47 (m 1 H 7.48 - 7.54 (m 2 H 7.55- 7.61 (m 2
7.91 - 7. 99 I0hmim Fe rgaqion feigturg was albowdsl tg pvaem, to 1t a4 sohbs@s Spect r um
I

=) e < AR el IS BTl o SRS e

e
- Am no- 6- (
) etnbytl spepmi Tnot)ne Bﬂmy rsolution 024t -Iammd;eth;dl)e6 'flmom-Ne(Quhethm;of
-chl

-b’“\j_;\l

qU|no |ny

(300 g, 0. o8t hrbr) R Er P Comd a5 Ry bRl CoRhES L %6 op

mrol ) andst hadd&iSDIEA ((DOJB ﬁﬁLUO e8%ﬁndl)a@{td&daﬁlmoG@cQ@rcf@hna@mmsncarﬂ&le
reaction mxture was allo warmto rt and the solid was filtered. The

filtrate was HEKdd*dAdes Orlé&ae@el)afl@&sedwlta%m&@wV@S@&@feéa? ¥he& next step.

To a sol uti oRyghidht (FrheRbidr Grddri FQ c3o LMY LAY bBGhéd g et hanani ne i n
DCM (4.00 nmL) was added N-ethyl-N-isopropyl propan-2-amne (0.146 nmL, 0.836

mol ) f ol | onwdeAimna-hd1-4odluoror-(63-meithaxyethybamiho)d3-phenydriaquinplisyl)ng, 0. 766
mmol ) and th%mfﬁ%dhmf?'ﬁ%ﬁ‘%‘%c %nﬁ}ilére‘j at rt for 2 h. The crude

sol ution was ne ahd dried over MJSO and sol vent was
r enoved y@derlHrreldm@lﬁoQ{z@moe))t&p@htlaw(stfe,rd, -BUWIHZ) 323 (2 H,5)3.33 (2

(et oro- O A P aP S Poo T T4k (1 H o) Poa B .80 (3 oy K"
(1 H, s) 8.08 (1 H, dd, J=9.39, 4.89 Hz) 8.22 (1 H, dd, J=10.47, 2.64 Hz). Mass
Spectrum (ESI) m/e =458 (M + 1).
4-Amino-6-(((1S)-1-(6-fluoro-4-((2-methoxyethyl)amino)-3-phenyl-2-

15  quinolinyl)ethyl)amino)-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 -7.47 (m, 1 H) 7.48 - 7.55 (m, 2 H) 7.55 - 7.61 (m, 2 H) 7.82 (dd, J=10.76,
2.74 Hz, 1 H) 7.94 (s, 1 H) 8.01 (dd, J=9.29, 5.58 Hz, 1 H). Mass Spectrum (ESI)
20 m/e=458 (M +1).
4-Amino-6-(((1R)-1-(6-fluoro-4-((2-methoxyethyl)amino)-3-phenyl-2-
quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
'H-NMR (400 Hz, CD;0OD) & ppm 1.30 (d, J=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, J=6.52 Hz,
25 1H)737-741(m,1H)743-7.47 (m,1H)7.48 -7.54 (m, 2 H) 7.55 - 7.61 (m,
2 H)7.91-799 (m, 1 H) 8.01 (dd, /=9.19, 5.67 Hz, 1 H). Mass Spectrum (ESI)
m/e=458 (M + 1).



of tert-butyl |-(4-chloro-6-fluoro-3-phenyl quinolin-2-yl)ethylcarbamte (50
ng, 0.125 mmol), 2-(nethylsulfonyl)ethanam ne (15.36 ng, 0.125 nmol),

di cycl ohew9l201025180- di met hoxybi phenyl - 2- yl ) phosphi ne ( 10CZAISREL0/0899925
mmol ), pd (dba)3 ( 11.42 ng, 0.012 nmol) and sodi um 2- et hyl pr opan-2-ol at e
(17.98 ny, 0.187A-1478 WO-PCT - 116 - mmol) in toluene ( 1 niL) was heated
to 110 C overnight. The _solvent was re ed under reduced pressure and
purified vi aAcé)%WOa'EﬁTusi ng Et QAc/ he&!ﬁé (1:1). To the crude residue
tert-butyl I-(6-fluoro-4-(2-(methylsulfonyl)-

et hyl ani no) - mi)rl‘y#%fw nol i n-2-yl)ethyl carbamate (18 ng, 0.037 nmol) was

added HO (0,1 mfg g irred at rt.
for 1 h. The r%‘?(i:? rgﬁv\g;s mnlég?%%gylﬁwﬁifﬂgdso &gfn?p%ﬁyrsiem)ved and
used as cr udquimdinyhethybatmisd)eppyrdimidinecabodiribol uti on of

2- (1 -am noet hyl ) - | uor o- N- ( 2- 0

(met hyl sul fonyl) ) - 3- phenyl qui nol infi4-amne in BuOH ( 1 nL) was added
Net hyl - N-i soprop opan- 2- am ne ) M, 0.1 11 nmol) and

4-am no- 6-chl org 1 di ne- 5-carbonitrile (& 85 g, 0.044 mmol) and the

purified via HPLC
4- Am no-6-((I-(6- et hyl fam' no) - 3- phenyl - 2-
qui nol i nyl ) et hyl yagi le 1H NVR (400 Hz, CD3OD) d
ppm 1.53 (3 H, 74Hz)291(3H s)330(3H s)349(2H m 4.97
(1 H m 7.55 ( H,d J=4. 40, 225Hz)763(2H 7.81 (2 H, ddd,
J=9.29, 7.63, 2.64 Hz) 7.88 ( 1 H, 802(1Nﬁ,|s)809(1Hdd
9.39, 4.89 Hz) 8. %( 1 H dd, J= 10 17, 2. 54)&0,\,!\/&35 Spectrum (ESI) me
506 (M + 1).

J=
4- Am no-6-(((I'S)-1-( quoro4((2(rrethyIsuI
qui nol i nyl ) et hyl ) afAnoym 5- pyrl m di necarbonitril

T o C
N
\ E F

ﬁt hyl ) am no) - 3- phenyl - 2-

HN

HN j
O\
Os ] 2S
o’:? o1

To a solution of 2-(1-(4-chloro-6-fluoro-3-phenylquinolin-2-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 mixture was allowed to warm to rt and the solid was filtered. The filtrate
10  was concd under reduced pressure and used crude for the next step. To a solution
of 1-(4-chloro-6-fluoro-3-phenylquinolin-2-yl)ethanamine in DCM (4.00 mL) was
added N-ethyl-N-isopropylpropan-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 MgSO, and solvent was removed under reduced pressure to obtain
tert-butyl 1-(4-chloro-6-fluoro-3-phenylquinolin-2-yl)ethylcarbamate. A solution
of tert-butyl 1-(4-chloro-6-fluoro-3-phenylquinolin-2-yl)ethylcarbamate (50 mg,
0.125 mmol), 2-(methylsulfonyl)ethanamine (15.36 mg, 0.125 mmol), dicyclo-
hexyl(2',6'-dimethoxybiphenyl-2-yl)phosphine (10.24 mg, 0.025 mmol), pd,(dba);
20 (1142 mg, 0.012 mmol) and sodium 2-methylpropan-2-olate (17.98 mg, 0.187



1H NMVR (400 Hz, CD30OD) d ppm1.55 (d, 3 H) 2.92 (s, 3 H) 3.28 - 3.32 (m 2

H 3.44 - 3.55 (m 2 H) 5.00 (q, J=7.04 Hz, 1 H 7.57 (dt, J=4.50, 2.25 Hz,
1 H 7.62wW0261076174m 3 H) 7.82 (ddd, J=9.39, 7.63, 2.74prET/US2016)0399490 (dd,
J=6.94, 1.66 Hz, 1 H 8.04 (s, 1 H 811 (dd, J=9.39, 4.89 Hz, 1 H) 8.17
(dd, J=10.17, 2.54 Hz, 1 H). Mass Spectrum (ESI) mle = 506 (M + 1).A-1478

WO PCT - 117 3:
4- Am no- 6- ((IA %%?8%4 ((2- hydroxyetIHQI ) am no) - 3- phenyl - 2-

qui nollnyl)ethyllﬁam no) - 5- pyri m di necarbonitrile A solution of tert-butyl

| - (4- chl or o- Ganoly oy iol@np hemk) s hottedtol W) Ceoveynightr bhesplyeptl@® ny, 0. 249
| 2- | |

26 i ot hosyon anadsn e g0 pbsuSiand BBl by R HEL B o< heape o

2- et hyl pr op&hd p-Bb dteeri@Geddngtertthudid (rmﬂm)roean(d ui2(bakay22. 84 rrg, 0.025
| t ol 0.0C f t

emoved undef T ARIBRRS BERLURE et bR A e AR et o7

brine ands dr iagéedoMer (0SOGLY 0480 nfrad 1§ addthe trbi@11t5R MBRire WaS stiesdmad fonder
reduced pressure The crude residue was purified using Et QAc/ hexane (1:1).

To the crudebr ddrderstion “ftaémonﬁalteg|bY1LQMSf |T@6rseylvant(vzaﬂr¥9@%@%tdwp At no) - 3
- pheny! qui nolgj 2o the %Mké@armmﬁdé 1d1ulln o2 P ARy 1 V@%ual%dﬁctzHG (0.1

nm, 0.400 mmol) andtheresutlng m xture was stirred at for h. The

reacti on was (mﬁfthb'tsukf@@1}Whmheﬁl?rh®18@imréﬁmm®@ Bté?ﬂd\ébdﬂémsadé@ Nrude for
t2h((32m(ai<t asr;1t ﬁ(%ehty}'n& §S- }% ﬁ'lggoﬁ)o mg@? gu? Hlo O'nll qlo%alrl]%§e nzlaongIChlloﬁo BuOH ( 1
nm) was nadegyhimédigb dhkho&ﬁpkedﬁﬂSpn@ﬁHbMMmi)mad@ﬁb @Rdlting miXukAGasnmol ) and
F om0 & SO OBYL L 4LBE 0SB e o BT SIS0
purified via4conipd-bIeK(HEL6D- Et@&%éiﬁyq&ﬂ%dylyemylwihoﬁmeﬂﬂmni a.
quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
'H-NMR (400 Hz, CD;0D) & ppm 1.53 (3 H, d, J=7.04 Hz) 2.91 (3 H, 5) 3.30 (3
15 H,s)3.49 (2 H,m)497 (1 H,m) 7.55 (1 H, dd, J=4.40, 2.25 Hz) 7.63 (2 H, m)
7.81 (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, J=10.17, 2.54 Hz). Mass Spectrum (ESI) m/e =
506 (M +1).
4-Amino-6-(((1S)-1-(6-fluoro-4-((2-(methylsulfonyl)ethyl)amino)-3-phenyl-2-
20  quinolinyl)ethyl)amino)-5S-pyrimidinecarbonitrile
'H-NMR (400 Hz, CD;0D) & 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 (q, /=7.04 Hz, 1 H) 7.57 (dt, J/=4.50, 2.25 Hz, 1 H) 7.62
-7.70 (m, 3 H) 7.82 (ddd, J=9.39, 7.63, 2.74 Hz, 1 H) 7.90 (dd, J=6.94, 1.66 Hz,
1 H) 8.04 (s, 1 H) 8.11 (dd, /=9.39, 4.89 Hz, 1 H) 8.17 (dd, J=10.17, 2.54 Hz, 1
25  H). Mass Spectrum (ESI) m/e = 506 (M + 1).



4- Am no-6- ((I-(6-fluoro-4-((2-hydroxyethyl)am no)-3-phenyl -2-qui nolinyl)-
et hyl ) am no) - 5- pyri m di necarbonitrile 1H NVR (400 Hz, CD3CD) d ppm 1.31 (3
H d, J=6w620tizis1RA008 (2 H, nm) 3.49 (2 H, td, J=5.48, 2pCP/ud201063962( 1 H,
g, J=6.59 Hz)741(1H m 7.53 (5 H m 7.88 ( I H dd, J=10.76, 2.74
Hz) 795( 1H m 8.01 1 H dd, J=9.29, 5.58 Hz). Mass Spectrum (ESI)

me = 444 (M V\DPCT 118 -

4- Am no- 6- (( 4}98(@}% net hyl ami no) et” H)W) ani no) - 6- f | uor o- 3- phenyl - 2-
qui nol i nyl) et hyI ) am ndz 5-pyrimdinecarbonitrile This synthesis is
performed as Faampl¢ pdot-Aptine-6- GHNMRO(%GG(Myd@@s@yI)amm)T%pM}M H d)

6.02 (6 H, 1.17 Hz) 9.20 ( 1 H q,
J=6. 52 Hz) 1%’ g@}yﬁéﬁﬁl)nﬁ@ 50@%@’"%"?@ é (1 H dd, J=10.76, 2.54

Hz) 11.88 1 H s) 11.94 ( g J=9.29, 5.58 Hz). \Mass Spectrum (ESI)
n1e:471(M ). Exarrple 44

N-(I-(6-Fl uor 0:4- (met hyl sul f onyl ) ;Q phenyl qui nol i n- 2- )/Vg.Nhyl ) -
9H puri n-6-amne, (S)- N-(I-(6fIL?or 4(rrethy|su|fony phenyl qui nol i n- 2-
yl )et hyl ) - 9H—Cp NHI- 6- ani ne

I-(6 quoro / ) i

0.26 mmol ), 6 Iorcmpurlne (40.4 ng, 1.0leqg) and Hunig's bas {55 m., 1.2
eq) in n- BuO—l (2 nL) was heated to 130* C over night. The m re was cool ed
tort, and p

, ified hy reve S CN H 20. 10% 50% cont ai ni ng
0.1% TFA) to I ol guyiidé PEE% °§%ﬂf Py ety ¥ e&eyi -
(et hyl sus f oy )1 o@D ePYb Guhé1®)| - ﬂn%oyﬂhhﬁlgyi 24 ﬂigL p24d mﬁo@ral Jo-1H NWVR
(400A- 1478 WO-PCT - 119 - Hz, IH, 8.23

(dd, J = 8.0hexyl@ p[zdlnqetlaoxylglph@pyl -2-yl)phosphine O 48 mg, 0.050 rnrnol) sodium
2-methylpropan-2-olate (36.0 mg, 0.374 mmol) and pd,(dba); (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 1-(6-fluoro-4-(2-hydroxyethylamino)-3-phenylquinolin-2-yl)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-5-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)amino)-3-phenyl-2-quinolinyl)-
ethyl)amino)-5-pyrimidinecarbonitrile
'H-NMR (400 Hz, CD;0D) & ppm 1.31 (3 H, d, J=6.65 Hz) 3.08 (2 H, m) 3.49 (2
H, td, J=5.48,2.15 Hz) 5.26 (1 H, q, J/=6.59 Hz) 7.41 (1 H, m) 7.53 (5§ H, m) 7.88

25 (1H,dd,J=10.76,2.74 Hz) 7.95 (1 H, m) 8.01 (1 H, dd, J=9.29, 5.58 Hz). Mass
Spectrum (ESI) m/e =444 (M + 1).



(s, IH, 8.08-8.14 (m IH, 7.73 (td, J =8.0, 4.0 Hz, IH), 7.42-7.52 (m
5H), 546 (m IH, 3.1 1 (s, 3H, 1.49 (d, J = 8.0 Hz, 3H). Mass Spectrum
(ESI) m ewe 4835(N0+ 1) . PCT/US2010/039942
N-(I-(6-fluoro-4-(nethyl sul fonyl)-3-phenyl qui nolin-2-yl)ethyl)-9H puri n-6-
amne was purified by chiral OD colum (isopropanol/hexane, up to 15%.
@lhlrtste fs(r)ialc'él 0”?4%%9% (ﬁgq,bl ned and coned1 lénder reduced pressure to give a
(S)-N-(I-(6-fluoro-4-(nethylsul fonyl)-3-phenyl qui nolin-2-yl)ethyl)-9H purin
- 6-amne (20 ny, stereo center was assigned based on biol ogical activity

520050 o WRfind;Blq e Gty hiihbFafyHfi-o RSy Sy L9505 T,
(m 1H, 7.73uftiolinyDethyBatine)- s;pymn{mm)ecarbonﬁnre 52 (m 5H), 5.46 (m IH),

i)l (1R§Si\|-(l SGSypﬁ]ﬁélﬁbsQFrforme(?asl_géscr?fb dabovss Spectrum (ESI) me = 463 (M +

(et hyIsquonyI) 3- phenyl qU| nolln-lxﬂ2+2yl)et hyl ) - 9H puri n- 6-am ne. 1H NVR (400
Hz, CD30OD) d 8.73 (dd, J = 8.0, 4 NIH), 8.23 (dd, J = 8.0, 4.0 Hz,
IH), 8.14 (s, IH), 808814(mN1’ 7.73 (td, J = 8.0, 4.0 Hz, IH),
7.42-7.52 (m 5H), 5.46 (m IH), ,&H(s 3H), 1.49 (d, J = 8.0 Hz, 3H).

Mass Spectrum (ESI) me = 463 (M Exanpl e 45:
2, 4-Di chl oro-5-f1 uoro- 3- phenyl qui noI' AN ure of 3-fluoroaniline (3.33

g, 30 nmol) and 2-phenyl mal oni ¢ aci d (7489 1.46 eq) was treated with
POCI 3 with caution. The resulted 3 nS|on asFheated to 95 0C and stirred
overni ght before increasing the tenpefatire to 145 OC for 1 h. After
cooling to rt, the reaction m xture was p(jﬂed into ice and stirred for 10
mn. The m xture was extracted wth Et OAg~({100 nL x2), washed, dri ed,

5 I
'H-NMR (400 Hz, CD;0D) & ppm 5.24 (3 H, d) 6.02 (6 H, 5) 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, s) 11.94 (1 H, dd, /=9.29, 5.58 Hz).
Mass Spectrum (ESI) m/e =471 (M + 1).
10 Example 44: N-(1-(6-Fluoro-4-(methylsulfonyl)-3-phenylquinolin-2-yl)ethyl)-

9H-purin-6-amine, (S)-N-(1-(6-fluoro-4-(methylsulfonyl)-3-phenylquinolin-2-
yDethyl)-9H-purin-6-amine, (R)-N-(1-(6-fluoro-4-(methylsulfonyl)-3-phenyl-
quinolin-2-yl)ethyl)-9H-purin-6-amine

HN/\ HN-—\ HN’\
N N N

NH,
N
O
T O O
SO,Me Xz A
SO,Me SO,Me SO,Me

15 A mixture of 1-(6-fluoro-4-(methylsulfonyl)-3-phenylquinolin-2-yl)ethanamine
(90 mg, 0.26 mmol), 6-chloropurine (40.4 mg, 1.0 eq) and Hunig’s base (55 uL,
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/H50, 10%-50%

containing 0.1% TFA) to give a white powder as TFA salt of N-(1-(6-fluoro-4-
20  (methylsulfonyl)-3-phenylquinolin-2-yl)ethyl)-9H-purin-6-amine. 'H-NMR (400



coned and purified by conbiflash(DCM hexane, 0/1 to 2/3) to give 1st
conponent undesired region-isoner as a yellow solid and 2nd fraction

2, 4- di chiwoaeby/shgor oA- 1478 WO- PCT - 120 - 3-phenyl qui n®Crs2@s/0300hi t e
solid. 1H NWR (400 Hz, CDCA3) d 7.92 (d, J =8.0 Hz, IH), 7.71-7.76 (m
IH), 7.51-7.57 (m 3H), 7.32-7.37 (m 3H).

N- (I -(5-Fl uoro-4- (net sul fonyl ) - 3- phenyl qui nol i n-2-yl)ethyl)-9H purin- 6-
am ne 1-(5- FI%H@%E&FWI sul fonyl) - S-Qée'nyl qgui nol i n-2-yl ) et hanam ne was
synt hesiz ed from 2, 4-di chl oro-5-fl uor o- 3- phenyl qui nol i ne according to the
procedure foHz1CD;OD)68.73 (dd, J =8.0,4.0 Hz, 1H), 8.23 (dd, J = 8.0, 4.0 Hz, 1H), 8.14

1751 Cor ottt A VoA, PR RICH O AP S TR T
0.17 mml), @m?th,BOlFqui,iII@),GZl@ (B0 = $.00HEBH ) and s Rpcgum (B85EN(55468-, 1.2 eq)

in n- BuCH (2 m_%l was heated to 130 OC overnight. The m xture was cooled to
rt, coned, di¥sbll¥ed in DCM (2 nL) and purified by combiflash (DCM MeOH,

2ty 8. 10°( a0 YRS LR MO h  E GRIE SES P Py RE o e Ty

7.42-7.55 ( mami) wasspurgeddy(alrjral P, coBingp (igaprogidpl/hexas@ updo 13% Brs® Hz, 3H).
(9 4-Am no ettt i shddustlng @R s 4 eive g ol
2-y1 ) et hyl anian @)ay(i 1tb-diuner-5-(marhybnl fomy1)-8 AhtiguMEHRCH ot hyZIAOH-parii Xt ur e of
050 mol) . A-SHhGAbREr Dby th R SR pbit Ptk SIS 8 ane
over i ght e Tha g Ra R LM B O e R e il o
to give a whilth, $23 (di, s 8.0, 4.0 Hz, 1H), 8.14'(s, 1H), 8.08-8.14 (m, 1H), 7.73 (td, J =

4-am no-6- (1 x(pfd 4911917 4B WS W) 0046 tm TR @UHCY 1487, 1=8.0

Hz, 3H). Mass Spectrum (ESI) m/e = 463 (M + 1). (R)-N-(1-(6-fluoro-4-
(methylsulfonyl)-3-phenylquinolin-2-yl)ethyl)-9H-purin-6-amine. 'H-NMR (400

15 Hz,CD;0OD) 6 8.73 (dd, J = 8.0, 4.0 Hz, 1H), 8.23 (dd, J = 8.0, 4.0 Hz, 1H), 8.14
(s, 1H), 8.08-8.14 (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, J = 8.0 Hz, 3H). Mass Spectrum (ESI) m/e = 463
M +1).
Example 45:

20  2,4-Dichloro-5-fluoro-3-phenylquinoline

Cl
FQNH2 9 ®

HO,C™ "COzH

A mixture of 3-fluoroaniline (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
25  for 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 mL x2), washed, dried,

concd 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-5-fluoro-



2-yl)ethyl am no) pyri m di ne-5-carbonitrile. This material was purified by
chiral OD colum (i sopropanol/hexane, up to 15%. First fractions were
conbi ned wodowarsedounder reduced pressure to give a whi PeTASRIIG/ 03942
(S)-4-am no- 6-(1-(5 -fluoro-4-(nethylsul fonyl)-3

- phenyl qui nol i n-2-yl ) et hyl am no) pyri mi di ne- 5-carbonitrile (stereo center
was assigned b jological activity conpared with earlier conpounds),
1H NVR (400 %?‘?%(3&@18% d 7.92-8.03 ('nllz%ZH), 7.40-7.60 (m 5H), 7.20-7.30
(m IH, 5.30-5.40 (m IH, 3.29 (s, 3H), 1.24 (d, J = 8.0 Hz, 3H). Mass
Spect r um ( ESByphehplquindBae ¢\ whity solix SN MRA#00 Hz, CDCl3) §7.92 (d, J = 8.0

2- (1 -(6-Fluorp-4-(2-hydr e l_sul £fi_nyl)-3- n i nglin-2-yl)ethyl)-

i soi ndol i ne- ﬁ%lﬁsﬁnﬁiﬁl&’t Lﬁi 72#1;59&“ 31:?)9%929/5’9%“1 51

4- chl or o- 2- et\ayll-¢HF foreUqmitRAISHYdHY)-B-phiend qaiHdfin Wyl dth¢) IRphirink$ini g' s
base (293 ni, {{15 eq) anccj)( HS ZCHZ%]-? %?88% 1.1 ez]; iﬁ)DIVFb(4 m.) was
heated to 65a0™M¢nder N2 for 2 h. LCMS showed no formation of product. The
reaction mxture was then heated to 100 OC overnig LCVBA- 1478 WO PCT -
122 - showed 60% product and 40% starting material/ T the reaction m xture
was added 50 nL thiolNgnd heated to 100 OC. The %i on m xture was
diluted with water (10 ni) and EtOAc (20 nl). Tha layers were separated and
the aq. layer was extr Mith EtQAc (10 . x 2)N. fle combi ned organic

| ayers were washed x_th i Ndried over sodium

sulfate, filtered, d coned under reduced pressure. ue was
purified by conbi Fr&&hen$30lfi ca gel (Et OAc/ hexane, IR e e a white
solid as 2-(2-ethyl-6-fldro-3- phenyl qui nolin-4- 0) & hapol . Mass
Spectrumq()ESI) me = 328 (M+ 1). g\¢

2- (2-ethy?-6-fluoro-3-phenyl qui nol i n-4-ylthio)ethanol (20(8 ng, 0.61 mmol),

1-(5-Fluoro-4-(methylsulfonyl)-3-phenylquinolin-2-yl)ethanamine was synthesiz-
ed from 2,4-dichloro-5-fluoro-3-phenylquinoline according to the procedure for 1-
(6-fluoro-4-(methylsulfonyl)-3-phenylquinolin-2-yl)ethanamine. A mixture of 1-
(5-fluoro-4-(methylsulfonyl)-3-phenylquinolin-2-yl)ethanamine (60 mg, 0.17

10  mmol), 6-chloropurine (27 mg, 1.0 eq) and Hunig's base (55 uL, 1.2 eq) in n-
BuOH (2 mL) was heated to 130 °C overnight. The mixture was cooled to rt,
concd, dissolved in DCM (2 mL) and purified by combiflash (DCM/MeOH, 20/1)
to give a pale yellow solid. 'H-NMR (400 Hz, CD;0OD) & 8.40-8.45 (m, 2H), 8.10
(d, J=8.0 Hz, 1H), 7.85-7.95 (m, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.42-7.55 (m,

15  5H), 5.75-85 (m, 1H), 3.32 (s, 3H), 1.50 (d, J = 8.0 Hz, 3H). Mass Spectrum (ESI)
m/e =463 (M + 1).
Example 46: (S)-4-Amino-6-(1-(5-fluoro-4-(methylsulfonyl)-3-phenyl-

quinolin-2-yl)ethylamino)pyrimidine-5-carbonitrile




i mdazole (45.7 ng, 1.1 eq) and TBS-A ( 110 ng, 1.2 eq) in DW (3 nlL) was
stirred at rt overnight, 50%starting material remained. The reaction

m xture WO 20fversipeated with i m dazole (45.7 ng, 1.1 eqLTaisdooB®o@ ( 110
ng, 1.2 eq). After 2 h, the reaction was conplete. The reaction m xture was
diluted with water (10 nL) and EtQAc (20 nmL). The |l ayers were separated and
the aqg. | ayer t ted wth Et OAc 0O nmL x 2). The conbi ned organic

| ayers were \ﬁé!@d%'%ﬁ%mter (10 nmL X_l% , brine (10 nmL), dried over sodium
sulfate, filtered, and coned under reduced pressure. Purification on

conbi fl ash gadveguissfdriddbuwreitt(meshylsulfonyl)-3-phenylquinolin-2-yl)ethanamine

- (2 (tert sl bl A ARt Dl Maife StMonfirfd 495 % iRpEgy! aui no

4- (2-(tert - Bahy Hinigstaygt &i2l¢/bxl} €q) in n-BuOH (2 mL) was heated to 130 °C

et hyl t hi 0) - 2- et hyl - 6-5f | uor o- 3- phe ui in 262 0.5 and 1, 3-
i by orr- 5. 5. & HALEH T THABRREF ief S g Bt s nEP wisBkdt o Car bon
tetrachl osi deivelOwhitd solificus Uhemifh 6t U L@ -Maso-adaathhansayl)-Pgicaxi-de (14. 4 ny,
0.1 eq) and heated at reflux for, 3 h. After cooling to rt, to the mxture
was added satdinafn-2syRtutiBIeMBEHANS SeArbenisic.(Bhiymaterphaas ayslied were
separat ed angytRR.a9D bRWES (ié’é??o;ﬁﬁél?&%ﬁ@é? rﬁ?‘t& s RN kB Htiohs Were The conbi ned
organic |ayers were washed wth water (3 ), brine (3 nL), dried over

sodi um sul f atembinicfl ped eencdamdercedeatd pressure e dive @dvipiceobdre (Yot -ginine- an

O arge ol L 1R 633 @ hlor U IRAL b n 6oy lapinglin 2oy ethylaminayyimidine-

Spect r um ¢ ESI5)cantiomitr SR recb@Atef Mas adsigned basedtanrtdolofical activity compared

2-(l-b thyl)-4-(2-(tertbutyl di hyl si | vl

T iy oy it sowRetAR g A TSI 00 350 DASOBT 58 7 98e193 (1 BUF (3 L) was

t ted with t b } , . f 2h.
reatea w 7%-’{‘.@(‘) (! ﬁii)rl?%@ﬁ% W] ﬁ?)' R ) 4] 1}%12.722‘6%6@%@_?}94} @clﬁzJSOE

LCVS showed conpl etion. The reaction ‘m xture wasA-
partitioned betWlen3dhtMass spdctEmOBs]) nhie=14ay€Mst Wer e separated and the aqg.
| ayer

Example 47:
15  2-(1-(6-Fluoro-4-(2-hydroxyethylsulfinyl)-3-phenylquinolin-2-yl)ethyl)-

isoindoline-1,3-dione

o C b
NS OOUNES O
A o —
Cl J/S S
o J

TBSO I

TBSO

A mixture of 4-chloro-2-ethyl-6-fluoro-3-phenylquinoline (400 mg, 1.4 mmol),
Hunig’s base (293 uL, 1.2 eq) and HSCH,CH»OH (108 uL, 1.1 eq) in DMF (4

20 mL) was heated to 65 °C under N5 for 2 h. LCMS showed no formation of

product. The reaction mixture was then heated to 100 °C overnight. LCMS



was extracted with EtQAc (10 rnL x 2). The conbi ned organic |ayers were
washed with water (10 mL x 2), brine (10 nL), dried over sodium sulfate,
filtered,wandiocsnad under reduced pressure. The resi duePaagspuoiodsezl by
conbi fl ash on silica gel (DCM hexane, 0/1 to 1/1) to give a white foam as
2-(1-(4-(2- (tertbutyl di met hyl si | yl oxy)

et hyl t hi 0) - 6-f enyl qui nolin-2-yl)ethyl)- isoindoline-I,3-dione. To
a sol ution of® hggéb Eg (tert- butyldlﬁéghyIS|lyloxy)

et hyl t hi o) - 6- quoro 3 phenyl qui nol i n-2-yl )ethyl)isoindoline- 1,3-dione (80
my, 0.14 nmolhowed 60% praluat an o Matinganattalude thelteetionMpheure 335 g,

0. 55l , h
Nor e oxone. (3488t i ddch G LG TRERRB AR R e’ GRS Xt ur o
was stirred &Iatdrt(l@MﬂD@hQEEOAlglmmLThEhé R§6s veie Bipstakddeandanie g tlayget ed Wit h

EtOAc (10 nmL x 2). The conb ani c Iayers were washed with brine (10
nL x 2), dri é*@%%@%ct%domthﬂ%m(bﬁ@ ¥ ) tlhegambined osgmialayera avers educed

pressure £o gx}a\éf?edawiﬂ?jwla%wg grngé (lbﬁn]a Hﬂéﬁy ;r(sgdlurn sulfate, filtered,

- hydr oxyet hyl sul f1nyl) henyl q nol I n-2 -1 soi ndol T ne-1,3-di one.
Mass Spect r uand E@lc}i umﬁer redw®d pfgsure1The residue was purified by combiflashon

4 no- O (1 (G LLURIAATELRL BN Ry BRI S 20 dadh BN, qui ot n-2-

yl ) et hyl am no) py
4- am no- 6- (| -p(lﬁtyﬂdlmmlﬁr-ﬁ(thﬁ)etﬁanol Mass Spectrum (ESI) m/e = 328 (M+ 1).

Qg‘?[)g)r(]?/ﬁ |h|yz d I%X 6)f_‘h:1)’or8- -p n unPn%lhn 4 %ltﬁio}e Xl éHb nog 8 6r1|r1r1nmg ne-s-

2-(1-(6- id)Uoﬁﬁrd%z&lg(m’?'h%xyqtéqyhﬁ(vTBSRYﬂ()li@n%hﬂﬁll gguﬂ DME @-dEywhet hyl )i soin
doline- |, 3-dione was dissolved in EtOH ( treated wi th hydrazine
(0.5 nL) at ebredstrspvesnizhi, éOWAﬂt%réng e@éﬂrxahgmﬂ%nth Thepeactien MUK Wikt ur e was

B S i APt T XL S g e U
coned under Rdd dmgdaqjmmrcemplaﬁf? gr hmemﬁbn-mmmte was diluted w1th water (10
mL) and EtOAc (20 mL). The layers were separated and the aq. layer was

15  extracted 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)ethylthio)-2-ethyl-6-fluoro-3-phenylquinoline.
Mass Spectrum (ESI) 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 (14.4 mg, 0.1
eq) 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-butyldimethylsilyloxy)ethylthio)-6-fluoro-3-phenylquinoline. Mass Spectrum
(ESI) m/e = 520, 522 (M + 1). A mixture of 2-(1-bromocthyl)-4-(2-(tert-

30  butyldimethylsilyloxy)ethylthio)-6-fluoro-3-phenylquinoline (300 mg, 0.58
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



to give a pale yellow oil as

2-(2-(1-am noet hyl)-6-fluoro-3-phenyl qui nolin-4-ylsulfinyl) ethanol. Mass
Spect rumwashjo/mia=o= 359 (M+ 1). To this oil was addedPCT/US2010/039942

4- am no- 6-chl oropyri m di ne-5-carbonitrile (15.8 ng, 1.0 eq), Hunig' s base
(1.2 eq) n-BuOH ( 1 rnL) and the m xture was heated to 125 OC for 4 h.
After coolin m xture was purified by reverse HPLC (MeCN ~O,
10- 5096conta"'%65§@&%gi) to glve a wh%@ ‘powder s as

4-am no- 6- (1 -(6-fl uoro-4-( hdroxyethylsulflnyl)

3- phenyl qui n@ﬁﬁtﬁwze@/bé)t@?ﬁywmiﬁ A gritien lapers wesr ssoatatadiangd thelgquiaRe 500 Hz,

H o 7,92 (s v By EA <1°5T3 b9 o bR gy Ga B 5 ™
7.37- 7.39 (myashdd)wity wadr () mbrx 2)| bine @0IOL B diti8d dvar sbdHum s@liﬁﬁ: ﬁttered =50

Hz, 1H), 3. 75 3 80;11 u&hgér r_c:l&%fﬁftg p(q@lsgel% %e gen}duel;\')/as pun%ed {)y cornblﬂa 0 e, 3H).

Mass Spectr uf

4- Ami no- 65 (| sﬂﬁafgbl oj@vmreééxﬁ) e/:i-tbmr)@dgﬁztewmw forml ak 231 -(4-(2-(tert-
phenyl qui nol i n- 2- 1‘ 0) pyr.i carbonitrile. 1H NVR (500 Hz,
DVBO-d 6) d @utﬁdlw ylsalyloxwﬂwlth@)cﬁ ﬂrzororwhenslcrslin%d?-yljethylio 0, 5. o Hz,

l 8 05 1 1mn 5 1 a 20 1
7H%1 5.0 Ersn sollﬂ'cbo,l d 173 dBBQ TJ Sol%igoﬂ)of§£p(4'|%2 ~(tetb tfld ﬁ%ﬂ%ﬂs@}%h{x@b4 o5 (. 3

= 5.0 Hz, | Hpthy! @76¢1mo{snnhenﬂ)qum9 18@3@)@@1?1mlndq4me-133 d®ng (&Q)mgm | H),
3.17-3.19 (”101]4'?}1%6 #8H%6 L Tart%1.00 1 miStlas YBSPoxREGIIUAL(ESI) e = 477

(M+ 1). Ex
2- (1 - (3- By onpy- s%rﬁduyogl Oy AUFEL T BBy L s ik ed Bl del 1 ne-1 . 3

di one A solution
pr opi onyl acevaoee @iSn@OéSnﬁmﬂ #thely) Wamtici@dtaodi d@rremmbhmmxmr@waslst(rﬁedzs g,

Pnoggnﬁgz: i : 2 I%{; %/{MC LV%I‘%% aug g?ar ﬁe%gé nvfi\q{xl?ucr-le_ was e;(éacte({] Wll'til E\{\@gcra?@ mid at 95 C

2). The cornblned organic layers were washed w1th brine (10 mL x 2), dried over
sodium sulfate, filtered, and concd under reduced pressure to give a yellow foam
15  as 2-(1-(6-fluoro-4-(2-hydroxyethylsulfinyl)-3-phenylquinolin-2-yl)ethyl)-
isoindoline-1,3-dione. Mass Spectrum (ESI) m/e =489 (M + 1).
4-Amino-6-(1-(6-fluoro-4-((R)-2-hydroxyethylsulfinyl)-3-phenylquinolin-2-
ylDethylamino)pyrimidine-5-carbonitrile and 4-amino-6-(1-(6-fluoro-4-((S)-2-
hydroxyethylsulfinyl)-3-phenylquinolin-2-yl)ethylamino)pyrimidine-5-

20 carbonitrile

NH,

|
k\N

NH

2-(1-(6-fluoro-4-(2-hydroxyethylsulfinyl)-3-phenylquinolin-2-yl)ethyl)isoindo-

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  EtOAc (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



overnight. Filtration followed wth renoval of solvent gave a red oil. To a
flask fitted with distillation head and droppi ng funnel was added

Dowt her mMwo)0/15880L) and heated to 240 OC, internal tecpasaiwos99220 0C.
The red oil was added dropwise in 10 min while keeping the tenperature
above 210 OC internally. After addition, the m xture was stirred at 240 0OC
for 15 m n befor oling tort. The resylted solid was filtered off and
washed with éﬂl%m‘)&l} hexane and Et'd?éi'( 9/1). The solid fornmed in the
filtrate was filtered ae?aln and washed with m xed solvents. A yellow solid
was obt ai ned tagiveagealpy lewmllmw?oe?uiln@ninnethyl)ﬁ)ﬂmre S3-phanpRuisbo-4¢l; Cbal 3) d

) 15,7 oo el ey SipepipgEshae sy G 15 ?@E@hﬁsd@ 8B 7 107

Hz, 2H) 1 2 A-gdritino-b-chldop Pritlitlinei3HcarbAnsitilier(f 28 ngn 1k ¢ Hadig’s base (1.2

2-ethyl -6-fl AcOH (.68 L
Crear v u t h Sy PEmOlTA LT bR RS Sy nneg 25 B Tt 4 WAaREReliRE, Ty "o
over ni ghts t kertf @3eiik@fc WhxprifedBsrcttteEREd WMIANMNBDSZ0B 030t diltdiging The

resulted solid was washed wth water, cold EtCH anddried in the air to
give a white lé/oTFA) asglee bm@mtepawdeﬁslaym ﬁilﬁd)-l&(—:(l’l({(ﬂl-_ﬂlmd)-mf((mx Iﬂiydmng- 1H NMR

500 Hz, DIVISOd 7.75 (dd =1 ] 7.68
(dd, 5= 10, sty Pyt Tguinh 240 bty istngay-caapils. g8 (o 3=
10.0 Hz, 2H) NMR%?O(‘HZ BMIOLEHS 483 @H)_l% (ﬁlﬁ&PﬁESﬂH}ngQﬁ (dd. ] <100,

3brorr02eth|- 1 uoroq U|noI|n 4(I'Hj-one (1. .7 mol) i'n POO (5

m.) was heat éd) o 11007 QZ($ dH)27.84 (Wl%do@oblolﬁﬁg IHC) "Hré 7t5lﬁe£mr, EHRt1.BR m xture

Sard sl 0 on S iy bt Lot H TGRS 80 1y Poeflel 6P gl Ay wae
separ at ed, wasdageh, 8H))G. NaBiQG) (m,\A/BIDelr 32 (mr U rel0. (quzeSH) medpmﬁnp@ﬂsﬂ [ ed by
o 22 e ET) cri er HS S i
phenylquinolin-2-yl)ethylamino)pyrimidine-3-carbonitrile. "H-NMR (500 Hz,
DMSO0-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, IH), 7.75 (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, 1H), 5.46 (q, J = 10.0 Hz, 1H), 4.96 (t, J = 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), 1.46 (d,J =
10.0 Hz, 3H). Mass Spectrum (ESI) m/e =477 (M + 1).
Example 48:
20  2-(1-(3-Bromo-6-fluoro-4-(methylthio)quinolin-2-yl)ethyl)isoindoline-1,3-

dione

H H

o HoN N N
SO, U, — T
F F Br F

O o)
o N o il N N\ N\
Nx - s - | hm
| N e BT FooBr F
Br F SMe SMe Cl
SMe

A solution of 4-fluoroaniline (11.11 g, 100 mmol), methyl propionylacetate (13.01
g, 100 mmol) and p-toluenesulfonic acid (0.25 g, 0.013 eq) in cyclohexane (35



Br onp- 6-f | uor o- 4- (et hyl t hi o) qui nol i n-2-yl)ethyl)isoindoline- 1,3-di one was
made by 3 steps in the simlar manner as previous described for preparation
of 2- WO 2010/151740 PCT/US2010/039942
(1-(6-fluoro-4-(nethylthio)-3-phenyl qui nolin-2-yl)ethyl)isoindoline-I,3-dio
ne. Mass Spectrum (ESI) nme = 446 (M+ 1).A- 1478 WO PCT - 126 -

2-(1-(3-(3, 5- nyl)-6-fluoro-4-(nethyl sul fonyl) qui nolin-2-yl)ethyl
) - |50|ndollﬁblf%§&&?§ag A m xture of ~ g

2-(1-(3-brono-6-fl uoro- 4hégeth yl thi o) qui nol i n-2-yl)ethyl)isoindoline-

|, 3-di one (100 )rwgas lgatzd F§ in gommeeticnl wish & Pleemyldsl matdr sepeedtar (71 ng, 2.0

eq), K200 { Bcrun 3 @nﬁ@h f%ﬁé’w&%{tﬁ‘%&ﬁé&ap] bPRF0 BRASPRANG) PRl fighuCO) (26

ng, 0.05 eq) to reflux. After
stirring ovefiticdmtith mhﬂlanemheadoandrdrmpmgfumsl vepaldddd DowtliermpArk (315| oned

bet ween wat er_.and d, t he Ia ers P ed. . The a ayer was
extract ed MAPﬂgéPéﬁégfgb)ﬁﬂ’%fé?m“$ @ngﬁ égﬁ ¢gth5a1%£8?§ pe washed
with wates (HebpWisein2)0, mBrwiie: KebPinglthe teﬂfpbﬁ%r@‘d%vesll@l qMnEeih A3t Aftdri | tered,
and coned under, reduced pressure. The residue was ?urlfled by C%Pblf|ash on

silica gel ( Efi@tg(elp,_th%g&gﬁ@ wq_slsgfl}refi@t %ﬂQIé: for 15 min before cooling to Tt.
2- (1'-(3- (3, SyajufrbdQnRRbatore Lo b @ WasHhd (WHRE Dt DrRk MRl dnB EtOAC

2 yl)ethyl)isoindoline-1,3-dione as a white solid. Mass Spectrum (ESI) nfe
= 479 (M + 1Y¥1¥dhg selod fqrm@d ipthe filtrate was filtered again and washed with mixed

2-(1-(3-(3, 5~ | h

qufnofln(z yl§)j"IV tyo %%@?ﬁy pgggé H%h%déﬁgQ%kQXihu&ﬁaﬁggnﬁngﬁ?{mﬁ'fﬁF (3 nbL)
and H20 {01 mMRvga@o HIJEDCOX 819¢7 (s168 17y, 7.9k Gcﬁ memlo o 3.00HgqH)ar.39{dd, The
resul ted suspenS|on was stirred at rt overnight reacti on was

i nconpl ete. @xoHkd él(bgzn]d{) i 20 (g ~W0. adHida %@I@%és’rl(ﬁﬁcg PH-dixt ure was
stirred at ruoauisrnkghi 2862y 0. 10HS MOGEUMER WASichRROAEH-BfobW ce and

LCMS showed conpl et € reaction xture was extract Et OAc (10
m. x 2). The quinolin-4(1H)-one (2.6 g, 13.6 mmol) in AcOH (68 mL) was treated w1th
pyridium tribromide (8.7 g, 2.0 eq) at rt. After stirring overnight, the reaction

15  mixture was quenched with NayS>O43 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-fluoroquinolin-4(1H)-one. 'H-NMR (500 Hz, DMSO-d°) § 12.23 (s, 1H),
7.75 (dd, J=10.0, 5.0 Hz, 1H), 7.68 (dd, J = 10.0, 5.0 Hz, 1H), 7.61 (td, J = 10.0,
5.0 Hz, 1H), 2.90 (q, 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 mmol) in POCl3 (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 NaHCO4 satd solution and

extracted with EtOAc (20 mL). The organic layer was separated, washed with
NaHCO3, 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-fluoroquinoline. 2-(1-(3-
Bromo-6-fluoro-4-(methylthio)quinolin-2-yl)ethyl)isoindoline-1,3-dione was
made by 3 steps in the similar manner as previous described for preparation of 2-
(1-(6-fluoro-4-(methylthio)-3-phenylquinolin-2-yl)ethyl)isoindoline-1,3-dione.
Mass Spectrum (ESI) m/e =446 (M + 1).



conmbi ned organic |ayers were washed with water, NaHCO , brine (10 nL x 2),
dried over sodiumsulfate, filtered, and coned under reduced pressure to

gi ve a wwoeonwlsi™d0 Mass Spectrum (ESI) me = 5 11 (M +PCX/USR20409M0D- PCT -
127 -

4- Am no-6- (I -(3-(3,5-difluorophenyl)-6-fluoro-4-(nethyl sul fonyl)qui nolin-2-

yl ) et hyl am no 5-carbonitrile
2-(1-(3-(3, SA%J&)ﬁéug)rQ)Bﬁ&nyl ) - 6-fl uoro- 4lzémat hyl sul f onyl ) qui nol i n-2-yl ) et hyl

)- isoindoline-I,3-dione was suspended in EtO4 ( 1 nl) and treated with 0.1
rnL hydrazi né- -@t(348, 500 flugr opie nyDro-finpred-(osdhylswfonyDaninoting-yketbyhon

m xt ure was EtCAc (5 nL x 2). The conbi ned organic | ayers
wer e washed \?\A%m ftnt%(éir’:Wd!)(Jr?llene (3 m_ X 2), dried over sodium sulfate,

| -(3-(3,5-diflf

filtered, and Red under reduced ssure to give a whit
phenyl) 6-f1 uoro-
aui nol i n-2-yl) et by “\. (30 ng, 0.079 (

(met hyl sul f onyl
Ocarbonitrile (12 gg 1.0 eq) and

chl oropyri m dmne
m., 1.2 eq) in._r ..o@ B 1%9—9G—evern|

ol id.

was cooled to rt rified by gave a
salt (25 ny, 6389. VR (500 Hz , . 66 (dd,
IH), 8.34 (dd, J—SM®O 50Hz 8 (s, IH, 7.8

Hz, IH), 7.12-7.18 (m 2H), 7057F10(mIH) 5. 40

= H
3.27 (s, 3H) fgr]nbgg‘re(OQQ d 3- b]r9m8-6|:ﬁ1aor§|j) (méYﬁ}ﬁﬁll(%Bﬁﬁl%[lH@}(I%ﬁh)])lgglt?do-[ 499 (M +

1). Exanp

(S)-2-( I -$ 3 @1&,—53[&1(5ﬂd(d)0@)pfge0)2B)mIﬁelblMﬁ{dﬁl@rd}t&t@hﬂbquldmhd (-12ny2.@t hyl ) -
i soi ndol i ne-

2-(1-(5.(3 et s PR O SR i s rBr PRSI 1 ) soi ol
I;J,[]g; ono- 4- Icﬁ?‘(?ﬁam% 2{%{%{ ﬁﬁ@ uo} Oq%ﬂ)urchli F]Véth N and heated to reflux. After

stirring overnight, the reaction mixture was cooled to rt, partitioned between water
and EtOAc, 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 silica gel (EtOAc/-
hexane, 1/4) to give 2-(1-(3-(3,5-difluorophenyl)-6-fluoro-4-(methylthio)quinolin-
2-yl)ethyl)isoindoline-1,3-dione as a white solid. Mass Spectrum (ESI) m/e = 479

15 (M +1). To asolution of 2-(1-(3-(3,5-difluorophenyl)-6-fluoro-4-(methylthio)-
quinolin-2-yl)ethyl)isoindoline-1,3-dione (42 mg, 0.088 mmol) in THF (3 mL)
and H>O (1 mL) was added oxone (108 mg, 0.18 mmol, 2.0 eq) at rt. 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, NaHCO3, brine (10 mL x 2),

dried over sodium sulfate, filtered, and concd under reduced pressure to give a
white solid. Mass Spectrum (ESI) m/e =511 (M + 1).



simlar manner as described in the preparation of the correspondi ng sul fur
anal og

2- (1 -(3-(8p20tv1sh4or ophenyl ) - 6- f | uor o- 4- (et hyl t hi o) qui rorius2@0899%¢2 hyl )i so
i ndoline- |,3-dione. Mass Spectrum (ESI) me = 463 (M+ 1).

(S)-2-(1-(3-(3, 5-

di f1 uor ophenyl 4- met hoxyqui nal_in-2-yl)ethyl)isoi ndoline-

1, 3-di one wag i%%%%k%ﬁcﬁy chiral separéglon on OD colum (i-PrOH hexane, up
to 159 .

(S) - 4- Ami no- 8- 4mq<86((3($r(%t5fdlﬂwwhemﬂbﬁ fuofrprdotmaethylsutforplyapinelor-2n- 2- y1 ) -

t hyl | ut f (S)-2-(! 3
(3 5 ai 11 oy De Mo AR Bl T2y

et hyl )i soi ndol i 3-dione (45 ny, 0.1 mmwl) in EtOH (B2nl) was treated
wi t h hydrazine ( m.) at 70 OC for 30 min. After cogFip§Nto rt, the
reaction m xtug partitioned between water (5 rrL)ka EtQAc (5 nL). The

organi c |ayer sNseparat ed, washed H2h water, brine, Ndri¥ed and coned to
give a white sol jd_MNMoieh mas_dlssolve 'Nn auCtLL*l m) andNreated with

Huni g' s base (0. 02 |r}
, 17 Fy, 1.1 w

4- am no-6-chl o iI :&
m xture was heated t 80M20 OC over ni AP2V8r cool ing ta-t, SOk reaction
ied by reverse HPL (I\/ECN/ H2 O 0.1% TFA,

m xture was puri 10 60% to give a
whi te powder. 1H NVR (400 Hz, DMSO-d6) d 8.1 1 (dd, J = 8.0, 4.0 Hz, IH),
7.98 (s, | H) 2-(1-(8435daiflupraphgny)-6£1@rad-(nety]sploay rquigolimg-yDethy)7. 46 (s,

IR AR N S R MR L
Exanpl e 50: Aydakint Iatﬁ() o f&-30min. After cooling to rt, the reaction mixture was _
(3-brom: & {or e & TELAGKYSU b 2 GV Lol ol e 1y - i e (10
(3- br onmo- 6- f @ Watér, bABE (ML D) Héd& dr Bodium! silﬁﬁtlé)/ﬁ])téré@laﬂd@bhdheundér - di one,
and 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-carbonitrile (12.2 mg, 1.0 eq) and Hunig’s base (16.5 uL, 1.2
¢q) in n-BuOH (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;0D) § 8.66 (dd, J = 10.0, 5.0 Hz, 1H), 8.34 (dd, J =
15 10.0,5.0 Hz, 1H), 8.08 (s, 1H), 7.81 (td, J = 10.0, 5.0 Hz, 1H), 7.12-7.18 (m, 2H),
7.05-7.10 (m, 1H), 5.40 (q, J = 10.0 Hz, 1H), 3.27 (s, 3H), 1.52 (d, J = 10.0 Hz,
3H). Mass Spectrum (ESI) m/e =499 (M + 1).
Example 49:
(S)-2-(1-(3-(3,5-Difluorophenyl)-6-fluoro-4-methoxyquinolin-2-yl)ethyl)-

20  isoindoline-1,3-dione



pyridi n-3-yl boronic acid (5.73 ng, 0.047 mol), K2CO33 (9.66 ng, 0.070 nmol)
in DVE (2 nL) was purged with N2 foll owed by the addition O Pd(Ph 3P)4
(2.69 ng,wo.288015mT0l ). The resulting m xture was heat ed PCO/UBR@008>942
overnight. The reaction mxture was allowed to cool to rt. The product

i sol ated as previously described for simlar anal ogs.

2-(1-(6-fluoro-4- -3 -(pyridin-3 -yl)quinolin-

2-yl)ethyl)i %#%&Wd}gé*l, 3 dione. o128

4- Am no-6-(((I R -1 -(6-fl uoro-4-net hoxy-3-(3-pyridinyl )-2-c1qi nol i nyl)ethyl)-
am no) - 5- pyr i2riil dBrié SalPBraphienyd)-A-fhwrert iethetyquRplip=2yDethyl)isoindoline-

-(6-fl - 4- et hoxy- 3. i nol i n- 2 vl ) e e
5o ndol 1 ne. 1T XES i RUILA P s DG AR -2 BB olinging. o g6
mol ) i n Et Osinfilat nenhemvasichaated dn the & adEiohar tiB0camesponfiimg sibfuy emtlogvas

d and Et .added hed, wi t ter. bri dried
Soat um sal f acd TG~ GaeniopR - REp e Byl Ry L pgRist 5° V"
-yl) qui nok i nirtoliyik ) €3-HidRamVass SisecELRAESD) thic To63ON v 1)0®) (1B 3I5-
-(6-fluoro-4-nmethoxy-3 -(pyridin-_3-yl)quinolijn-2-yl)ethanam ne (13.9 ng,
0.047 mol) dHlysrenke 11)160\‘51%974- thpx o lipgs-pathyDisaigdelingglydeglione was
4- am no- 6- Chbgfaﬁ{éﬁrﬂly@h%lns%péraﬁ&{ L) édlhﬁnQiZP&ﬁ{ﬂf{exanQ;\gﬂ@ m@l) and DI EA

046 ). Th to 1

(8.05 L, O. nmo e resulting mxture was heate 0 0C. The

sol vent was (®nbviaaingrf(lcGudeS-didbiotophenyd)-Gllvpee danethoxysruipelimoly. TLC
usi ng 3% Me | j .0 obtain
(R) - 4-am no- 8%%%@103%@%&% g%r‘%'{m{l -(pyridin-3

-yl )quinolin-2-y hyl am no) pyri m di ne-5 -carbonitrilg,as a |ight
yel | owi sh solid. anpl e 51: CN

4- Ami no-6- (((I R - f 1 uor o- 4- met hoxyr 3- ( 3- pyri di nyNy-
qui noIinyI)eth9 ) 8im no) - 5- pyri m di necr2bgni rile As&r kon of
onp~ \ net hoxyqui n’ol| P-yl)ethyl)isoi “dol i ne-
F F = |
F OMe

F
A solution of (S)-2-(1-(3-(3,5-difluorophenyl)-6-fluoro-4-methoxyquinolin-2-yl)-
ethyl)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 rt, the reaction mixture
was partitioned between water (5 mL) and EtOAc (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-BuOH (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 rt, the reaction mixture
was purified by reverse HPLC (MeCN/H»0/0.1% TFA, 10-60%) to give a white

20 powder. 'H-NMR (400 Hz, DMSO-d%) & 8.11 (dd, J = 8.0, 4.0 Hz, 1H), 7.98 (s,
1H), 7.84 (dd, T = 8.0, 4.0 Hz, 1H),7.65-7.79 (m, 2H), 7.46 (s, br, 1H), 7.22-7.34
(m, 3H), 5.29-5.33 (m, 1H), 3.64 (s, 3H), 1.36 (t, J = 8.0 Hz, 3H). Mass Spectrum
(ESI) m/e =451 (M + 1).



|, 3-dione (100 ng, 0.233 mml ), pyridin-3 -ylboronic acid (57.3 ng, 0.466

nmol ) and potassi um carbonate (97 ng, 0.699 mvol) in DVE (2 nlL) was purged
wi th N f owbaesdisbiot he addition of Pd(PPh3)4 (26.9 ng, @C0AB20momBY94mnd t he
resulting mxture was heated to 100 OC overnight. The sol vent was renoved

and Et OAc was added and washed with water, brine and dried over sodium

sul fate. The crude residue was subjected to conbiflash purification using

1:1 EtCAc/hefhh%ﬂi%&bgpiln (S)-2- (I-(6]29u0r0-4-nethoxy-3 -(pyridin-3

-yl)quinolin-2- yl)ethyl)isoindoline-I,3-dione as a clear oil. A solution
of (S)-2- (I-@Bﬂﬂuﬁﬁﬁ% 4- met hoxy-3 - (pyridin-3
-yl)quinolin-2-yl)ethyl)isoindo |ine- 1, 3-dione .7 ng, 0.055 mml) and

hydrazine ( 1.740 ni,
30 mn. The sol vent

Q55 Mol ) in EtOH ( 1 s heated to 60 OC for
gnoved and Et OAc was a and washed with water,

brine and dried over sw@di/um sulfate to obtain - 6-fl uor o- 4-

nmet hoxy- 3- (pyri di n- 3- i nolin-2-yl)ethanamne.NTo a sol ution of (S)-I
-(6- quoro-4-netho%§-3N (6§r|d|n—S——y%%qu’nolln-' | sqnanmi ne in BuCH
(1.0 mL) was added 4-ani ‘ oropyri m di ne- 5 carbonl le (8.57 ny,

0. 055 mml ) and DI EA (9. 6§ 055 mmol ). T Xt ure was

heated to 100 OC for 1&9 pre~ertge sol ution was_al | g -d to cool to rt.and
ppt was observed. The soli dA-1478 WO-PCT - 131 N ma§'flltered and the
filtrate was coned and subjected to preparatory TLC purification. 1H NWR

S 420552HZ)CD~;>%)Q601 1&1%}121 144. lgrém? +6- ﬁuorz) Aﬁm@ﬁlo%%ulﬁolﬁp}%@)em l)?sbm"\_’loﬂge ( 1 H) g,

8.17 (2 H, dd,3- dlﬂge (ng) rng, (D@z}m)no&;) 6@ta(n2d|m a eiayila wdnyas desrrlwd fqzr)Z (1Mass
2" no- 60 (e Bty iR IRLE R 305 igoingpyins1 3-dione, and
qU|noI|nyI)e@pﬁﬂmahymbkmﬁaayd(mﬂﬁn@eaeﬂbﬁmmﬂ)mbéih(966ng,0070nnnd)
in DME (2 mL) was purged with N, followed by the addition of Pd(PhsP)4 (2.69
mg, 2.330 umol). The resulting mixture was heated to 100 °C overnight. The
reaction mixture was allowed to cool to rt. The product isolated as previously
10  described for similar analogs. 2-(1-(6-fluoro-4-methoxy-3-(pyridin-3-yl)quinolin-
2-yl)ethyl)isoindoline-1,3-dione.
4-Amino-6-(((1R)-1-(6-fluoro-4-methoxy-3-(3-pyridinyl)-2-quinolinyl)ethyl)-

amino)-5-pyrimidinecarbonitrile

NH,
N/|CN
O0=>\" "0 k\N NH
—>
S S
Y DDt
N A NT O

15 A solution of (R)-2-(1-(6-fluoro-4-methoxy-3-(pyridin-3-yl)quinolin-2-yl)ethyl)-
isoindoline-1,3-dione (19.7 mg, 0.046 mmol) and hydrazine (1.447 uL, 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 obtain (R)-1-(6-fluoro-4-methoxy-3-(pyridin-3-yl)quinolin-2-

20  yl)ethanamine as clear oil. To solution of (R)-1-(6-fluoro-4-methoxy-3-(pyridin-
3-yl)quinolin-2-yl)ethanamine (13.9 mg, 0.047 mmol) in BuOH (1.000 mL) was



1H NVR (500 Hz, CD30OD) d ppm1.41 (3 H d) 3.65 (3 H s) 5.41 (2 H m 7.66
(2H mM 7.83 ( 1 H dd, J=9.41, 2.32 Hz) 7.96 ( 1 H s) 8.17 (2 H, dd,

J=9. 29, 5wv040tizis1BN69 (2 H d, J=4.89 Hz). Mass Spect rumCCESR)1008®42= 415 (M
+ 1). Exanple 53: Methyl

2- (1 -am noet hyI) 6- f | uor o- 3- phenyl qui noI i ne-4-carboxylate SOCI, MeCH NaN, A
m xt ure of 5 &rsw HTn (5.00 g, 30. | - phenyl but an-2-one (4.94 g,
1.1 eq) and g 3.0 eq) in Et oH gm(;o m.) was heated to reflux for 3
h. After A 1478 V\DPCT 132 - cooling to rt, the reaction mxture was
coned, di |l ut eddegi4-amingt@ehloropyrimidiae Swiarbenariteel. Aihge) edfdmmeltandl i zed to pH
5. The resul S I e o the air
to give am @gée(%o %mesrh&% %e gﬂﬁ}gﬂ{\fgt@eﬁﬁ%ﬁ%t [%R\)/I ?1&31%1_) and
treated w t hs@&@GhtAv{skB8mgyedard ceuge raslduet wamafog'ﬂogdaitto pTekparaSmiyv@hCmfmg renoved
and treated w (.50 L) at. or. 2. h. val ent foll owed
with additi o\rf%]tr}’ % &%MWE@%%M% Oégﬂlh&ﬁg%a‘&&%é éf&? 64' . The
reaction s Xt xyess (BxdiRsyeduiblin- 26 SabiSy |4 Bolyrx@incthearbariRila g or gani cs
were washed with water, brine, dried over sodiumsulfate. Renoval of

sol vents f ol Nglexeligiish $9Ufli fi cati on on col urm chronat ogr aphy on silica gel
(hexane/ - Et { - .
2-ethyl -6-fl %%omp%é [g)ihe‘ﬁélﬁgﬂ?% (F?drll}e 14 601611}1 (;)x‘;/ n:';letﬂéox 33 LK lfh%)l %e solid.

1H NVR (400 Mnjnodingl)gthybagine)-J-gyrimjdinegarbonirite Hz, IH), 7.40- 7.54 (m
5H), 7.26-7.35 y 2H), 3.62 (s, 3H), a 85 (g, J = 8.0\Hz, 2H), 1.23 (t, J
= 8.0 Hz, 3H).{Mads Spectrum (ESI) nf glouvu 1). et byl

2-et hyl - 6-fl uorg=3- phenyl qui nol i ne-M# oxyl at e (1"0/ , 3.2 mmol) and

| , 3-di br ono- wt hyl hydant oi n (6 0 7 eq) vve Nﬁpended i n carbon

tetrachlorlde( 0 ) and —>
| N
o}

-~

10 A solution of (S)-2-(1-(3-bromo-6-fluoro-4-methoxyquinolin-2-yl)ethyl)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)s (26.9 mg, 0.023 mmol) and
the resulting mixture was heated to 100 °C overnight. The solvent was removed

15 and EtOAc was added and washed with water, brine and dried over sodium
sulfate. The crude residue was subjected to combiflash purification using 1:1
EtOAc/hexane to obtain (S)-2-(1-(6-fluoro-4-methoxy-3-(pyridin-3-yl)quinolin-2-
yl)ethyl)isoindoline-1,3-dione as a clear oil. A solution of (S)-2-(1-(6-fluoro-4-
methoxy-3-(pyridin-3-yl)quinolin-2-yl)ethyl)isoindoline-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 sulfate to obtain (S)-1-(6-fluoro-4-
methoxy-3-(pyridin-3-yl)quinolin-2-yl)ethanamine. To a solution of (S)-1-(6-
fluoro-4-methoxy-3-(pyridin-3-yl)quinolin-2-yl)ethanamine 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 100 °C for 1

h. The crude solution was allowed to cool to rt.and ppt was observed. The solid



treated with benzoyl peroxide (78 ng, 0.1 eq) and the m xture was heated at
reflux for 3 h. The reaction m xture was cooled to rt and treated with satd
aq. sodi uwobkooarsbanat e solution (10 nlL). The | ayers wer @C3asariana4and t he
aq. layer was extracted with DCM (3 nL x 2). The conbi ned organic | ayers
were washed wth brine (30 nmL), dried over sodiumsul fate, filtered, and

coned under e sure to give
2- (I - bronnetﬁ&f?ﬁ%ggﬁgg o- 3- phenquU|n Fne 4-carboxylate as a yellow solid
(crude, 1.4 g). To a solution of nmethyl 2-(I-bronoethyl)-6-

f I uor o- 3- phe s dilfiered| and shefiitrateipssydoac@aifdisubjected t8 powaratesty)TLih DVF (6 ni)

The reacti on i RERE: Wb R GBAARCHhORAEa a6 M RO BB (10 nt

X 2). The orgnR) §4t@yelr §, 9.3 BOR6OEH, MGFI8ed 1M, tda, »at 3, 2 BBrHZ)e.o6lr i ed,
coned to give net

2- (I - azi doet k{/H S)aglﬂ (FoHodB JpRdAy? -8R H#d P02 AL ddr-HehdP dt5d Be- Masan oi | .
Mass Specgru%l&gﬁj ﬁlzmje 39%s(M 1) . A solution of nethyl

2- (1 -azi doet or o- 3- phenyl qui nol i ne- 4-car boxylate (1.25 g, 3.6
mol ) in MeOExampler: %mlnoéaﬁ(@@)*\lk(bHllltﬁ%@uw{h((XYEﬁB(iﬁgyrlMBFZ-H2 bal | oon

overnight. T Jod | .through a Celite(tm pad and
coned under Iagld{ﬁﬁgb gll}frﬂé(}5 OB&@%@%%&“B 33 - give nethyl

2- (1 -am noet ApLNVR- (fS|OOCHzOC3)3 Fﬁlblﬁﬁlln@ a3rle dl) X683 oKy b4 .81 esHanyel.dow oi | .
Mass Spectrum Q,ES') me = 325

2- (1 - (6- am né2 L 8V anthiir il nddii/i 4—15/? é%’ﬁ%?@ﬂ@lﬁ Sp 31743 Ab-dd. fHEEY 15 nol i ne-
4- b t I

(1 am oot B STRP H8, 94 SEHRY Mass Spseirum (ESDmis S 4150 Boo g, 0. 62
mol ), 4-am ksaéypdebdr opyri m di ne-5-carbonitrile (95 ng, 1.0 eq) and

Huni g' b 30 OC f 2 h.
The Peact| on MHBTLIC-aufetiing b i i E -cadqoxwlajf%d ext r act od

with

SOCI; | MeOH
o 0.7 eq
benzoyl peroxide
COzMe (0.1 eq), CCl, reflux COzMe

‘ NaN3

N3 NH,
N N
T Tom Tome
COzMe COzMe

A mixture of 5-fluoroisatin (5.00 g, 30.3 mmol), 1-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



Et OAc (20 mL x 2). The organic | ayers were conbi ned, washed with water,
brine, dried, coned and purified by columm chromatography on silica gel

( DCM MeOHVO 2biH315120/ 1/ 0. 1) to give net hyl PCT/US2010/039942

2- (1 -(6-am no-5-cyanopyri m di n-4-yl am no) et hyl ) -

6-fl uor o- 3- phenyl gui nol i ne-4-carboxyl ate as a white solid. 1H NVR (400 Hz,

DIVBOdG)d = 8.0, 4.0 Hz 7.91 (s, IH), 7.81 (td, J = 8.0,

4.0 e, Av?%égd\%bﬂc?—so 40H21H%H) 745752(m 5H), 7.35 (dd, J
804 Hz, IH), 7.25 (s, br, 2H), 5.30-5.40 (m IH), 3.59 (s, 3H), 1.30

(t, J = 8.0 keoligHp rt, Kesrsacsipadrirtime PESPInAg dilutednygh (atcr, atracedayihl e 54:

2- (1 -(6 Am n I

phenyl qui nol fgﬂgr ﬁ’ylggrlg%ééuﬁag%g:é&ﬂ 51? ]{}q%?%t% S()’II(PWEA écrg(-ri’gwr%e W§}1r1| m di n-

4-yl| am no) et Im;alte)r-aﬁdﬁha@nﬂh@aph@gwlequnnoire nérsdmea;r Ebd;dhdcwmdpbnﬂidc?& WO PCT

- 134 - A su [ hyl , . :

2-(I-(6-an niﬁg&i;@(ﬂgﬁé Iaﬁﬁra%{[ﬁd Wlt%}ls%lﬁgl)Seg ﬁﬁ sq)éttrtovermght The solvent

f1 uoro- 3- Epheﬂ%'sQ@th@@ldlaﬁl@ﬂ‘éat@aﬁabﬂﬁmbaﬂeﬁom 4196 foP 2 34 REMva) of dlv@ntri xt ur e of

MeOH (3 mL), THF (3 ni) and 1N Li OH m.) was stirred at. 60 OC for 3 h.

Renoval of t Aelloygdpeith additien ofmatd wdtlﬁn h@altbpa@tp Pt o Bavezbropagilyibe gave a

white solid, ighmagrfSQhiedd WihYD Ao BT k3) 8- Bk RUSSiddPLC
(MeCNZH O - 0. 1% FA, 10-50% to give

2- (| - (6-am nowse Wydwdpy‘rh Wwatdi, hrine ydr@dqorvgt) s@gihym }ul@le Removal of solvents

fl 3-ph NVR 400
e oo o) et RSl B8E B SWiyhfy @R BgrBuyGh VAP BiGandEy NIR, (400
8.

5.

0, 4.01tz, Et®G)c, 17/9Y@4V©dnhthy1 -etByl% ﬂdolfb theﬂyll-d)mnolmﬁ&-—(?ar&i}(y(lm a8
2 5 402(?}0&(-‘6 et 5N @812, EBers B 14 B SRR, U 4407 © = 429

aci Saz‘;y;%z:ﬁ%%hgﬁﬁlay* TR 280 1 oVl o e el 95 e €
(dd, J = 8.08.0tg 3Hb), Makj SP®II©81 EsD mH) 30 8@*71)85\4@&)/1 2ethyl-- fNOEO73 53 (m
5H), 7.30 (s phgr{quuinoline-4-carboxylate (1.00 g, 3.2 mmol) and 1,3-dibromo-5,5-dimethyl-
15  hydantoin (647 mg, 0.7 eq) were suspended in carbon tetrachloride (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 aq. 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 concd under reduced
pressure to give methyl 2-(1-bromoethyl)-6-fluoro-3-phenylquinoline-4-carboxyl-
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 NaN3 (0.293 g, 1.5 eq) atrt. After 2 h, LCMS showed completion. The

25  reaction mixture was diluted with water and extracted with EtOAc (10 mL x 2).
The organic layers were combined, washed with water, brine, dried, concd to give
methyl 2-(1-azidoethyl)-6-fluoro-3-phenylquinoline-4-carboxylate as a tan oil.
Mass Spectrum (ESI) m/e =351 (M + 1). A solution of methyl 2-(1-azidoethyl)-
6-fluoro-3-phenylquinoline-4-carboxylate (1.25 g, 3.6 mmol) in MeOH (10 mL)

30  was treated with 10% Pd-C (100 mg) under H5 balloon overnight. The reaction

mixture was filtered through a Celite™ pad and concd under reduced pressure to



IH, 5.30-5.40 (m IH), 1.27 (t, J = 8.0 Hz, 3H). Mass Spectrum (ESI) nie
447 (M + 1).
| - (6-fl uowo-224r(sydpoxynet hyl ) - 3- phenyl qui nol i n- 2-yl ) et hpCTrasb@mns®4 A

m xture of methyl 2-(I-am noethyl)-6-fluoro-3-phenyl qui noline-4-carboxyl ate

(1.3 g,

Et N (0.84

Exanpl e 55: tert-Butyl

4.0 mmol ) and BoC20 (1.3 g, 1.5 eq) in THF (20 mL) was treated with

conedA- 1478

h before renmova

HCl . The resGPPEﬁ'§

%%g“ﬁgk. fter requxing»for the reaction m xture was
84 . and purifie éy S|I|ca gel colum ( Et OAc/ hexane,
1/4) to give nethyl gb-(tertbutoxycarbonylanlno) et hyl)-6-fluoro-3

- phenyl qui nolgiveenathylad-

2-(I-(tert-Db
fl uor o- 3- phe

a@m@@@ylﬁsﬁ Huewhi ehfmlqumolmemwmxedm aget hyl

S{Eﬁ&% %ﬂrll%’l )(E§ hihgle)=

yl qui nol’ carb

air to give 2-(I-

(tert-butoxycarbonyl am no) et hyl )-6-fl uoro- 3- ph
acid as a white
2-(l-(tert-Buto
et hyl ) -6-fl uor o<3<phs qui nol i ne-4-carboxylic aC|
nL) at -10 OC and L\d

(IMin tol,

tenperature flQ
8 ny

(10 eq,
bet ween

washed with vemsituremfimeshyl dr(leamiapethy

1

col um chro

| - (6-

10

15

20

ol id. Mass Spectrum (ESI) nf 9%ﬁ§ 11 (M + 1).

ar bonyl am no)

ed with Et3N (0.1 nl, 1.5

€f). The reaction m xture

; :
1. SCbﬂb@fore additi on of ice-

and Hunig’s base (129 uL, 1.2 eq) in DMF (3 mL) was heated to 130 °C for 2 h.
The reaction mixture was cooled to rt, diluted with water and extracted with
EtOAc (20 mL x 2). The organic layers were combined, washed with water, brine,
dried, concd and purified by column chromatography on silica gel (DCM/MeOH/-
NHz, 20/1/0.1) to give methyl 2-(1-(6-amino-5-cyanopyrimidin-4-ylamino)ethyl)-
6-fluoro-3-phenylquinoline-4-carboxylate as a white solid. '"H-NMR (400 Hz,
DMSO0-d% § 8.16 (dd, J = 8.0, 4.0 Hz, 1H), 7.91 (s, 1H), 7.81 (td, J= 8.0, 4.0 Hz,
1H), 7.59 (dd, J = 8.0, 4.0 Hz, 1H), 7.45-7.52 (m, 5H), 7.35 (dd, J = 8.0, 4.0 Hz,
1H), 7.25 (s, br, 2H), 5.30-5.40 (m, 1H), 3.59 (s, 3H), 1.30 (t, J = 8.0 Hz, 3H).
Mass Spectrum (ESI) m/e =443 (M + 1).

Example 54: 2-(1-(6-Amino-5-cyanopyrimidin-4-ylamino)ethyl)-6-fluoro-3-
phenylquinoline-4-carboxylic acid and 2-(1-(6-amino-5-carbamoylpyrimidin-

4-ylamino)ethyl)-6-fluoro-3-phenylquinoline-4-carboxylic acid

NH, NH, NH, O
CN
SN
N™ "NH k\N NH k\N NH

_N | ‘ /N | /N |
CO,Me CO,H CO,H

D% ?Zfo@d”) 0.47 mmol) in THE (2 nl),
MeOH (2 ) Mcthyl\z -(1- (.‘d-lamdnimﬁwganopyrvmt(hn -4t\damiyo)ethy e Huaexh-3-phédyloC for 4
%ents The residue was acidified to pH 4 with 3N
Rﬁg *lltered washed mnth water and dried in the

@i nol i ne- 4-carboxylic

suspended in THF (5
wed with O CO2Pr 1
ed at this

The reaction m xture was stirredzsoverdiiflet and partitioned
OAc (10 nL) and water (5 nL The organic Ia er was separated,
edorTHiep ezllqdlme ip@xd-opthoxylated by

MR QARARIN2 Bltal), 4 g% L AT ANERAE arbbhibliic!(§s BleY € oty t - but !



fl uor o- 4- (hydr oxynet hyl ) - 3- phenyl qui nol i n-2-yl ) et hyl carbamate as a white

solid. Mass Spectrum (ESI) me = 397 (M+ 1).

4- Am no- ewQl20(06s5i1400r 0- 4- (hydr oxymet hyl ) - 3- phenyl qui nol iPaTArSgé1pAsINE ami no)

pyrim di ne-5-carbonitrile To a solution of tert-butyl

I -(6 fl uor o- 4- (hydr oxynet hyl) - 3- phenyl qui nol i n-2-yl)- ethyl carbamate (130
ng, 0.33 nmo m.) was added FA(2 m.) at rt. The m xture was

stirred at Kﬂ%&@%ﬁ before removall3gf sol vents. The residue was

treated with benzene and coned under reduced pressure and storedA- 1478

WD PCT - 136A susmtéronmfgmthﬁ@uﬂnﬁ&mmg 5h03ta@01@rrue1dm -4-ylamino)ethyl)-6-

ot ur o OC S iol3 Bl RiRs i RREKLAMAER] d0nd -0 Xb MR 130 g Bircli. o8 £
sal t_( 0.33 rrMJédOH@ uds) THH@er)mna-ldhmﬁmgmmmsmamaac@n BO fiort3 . |s eh((a 50. 7
1o 130 0e ) Binosro g il GRE el b ingisrud it e a Syt el ooy oo
phase HPLE ( MBIV Whidh Gl dis¥dIvéd iniOMFOMR fusifigll Be réeaddl FIPEG (Ne€N/H,O/-

(6-fluoro-4- (hydr oxymet hyl ) - 3- phenyl qui nol i n-2-yl ) et hyl am no) pyrl m di ne- 5-
carbonitril e OTIFATBA) 10-5&atondive 2-(podvdmino-Itdy Mgy {id0dinHzylaGRR@EhyIH68. 20 (dd,

TR NOR N ENT N DN S

d J
8.0 Hz, |H), pdb-d§ls 8d167 d&%if'%»o hU)Hz 4H§07.§’f\1/.(s @HT AL de Hﬂdb 4813 (d, J
8.0 Hz, 3H). Mass Sectrum(E ) . le 56: tert-Butyl
| - (6-fl uor o- 4H)mbTh{dds &i &M, OTHZMH)) 738phé21§1n,cﬁﬂ)n6130fﬁ@§ﬂl)lﬂ)eﬂ B9 car bamat
A t f_t
(611 ubbor 47(R) SoRFYRYIP RS UF Dt by 2-(1-(6-Amino-.

carbarnoylpyrlrmdln 4-ylamino)ethyl)-6-fluoro-3 phenquulnoline-4-carb0xylic
acid as a white solid. "H-NMR (400 Hz, DMSO-d%) & 9.0 (s, br, 1H), 8.16 (dd, J =
8.0, 4.0 Hz, 1H), 8.08 (s, 1H), 7.80-7.85 (m, 2H), 7.40-7.53 (m, 5H), 7.30 (s, br,
1H), 5.30-5.40 (m, 1H), 1.27 (t, J = 8.0 Hz, 3H). Mass Spectrum (ESI) m/e = 447

15 (M+1).
Example 55:
tert-Butyl 1-(6-fluoro-4-(hydroxymethyl)-3-phenylquinolin-2-yl)ethyl-
carbamate
Boc.
2
N
@
7 F
COzMe CO,Me
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

e



et hyl carbamate (220 ng, 0.56 mmol) in DCM (5 nlL) at -10 OC was treated with
Et3N (0.1 1 nm, 1.4 eq) followed with Ms (0.053 nL, 1.2 eq). The reaction
m xt ure wai® 281oomtaowar med to rt. and washed wi th NaHCO pcChrisaeo/oseoued and
coned to give

(2-(1-(tert-butoxycarbonyl am no) et hyl)-6-fl uoro-3-phenyl qui nol i n-

27)5:' %&eih;l/l) q&tlmq gﬁtronate as a whi te3 solid. Mass Spectrum (ESI) me =

(2-(I-(tert-butoxycarbonyl an no)eth %) -fluoro-3 -phenyl A-1478 WO- PCT -
137 - qui nol iand puigfigdalest $iliea gﬁétch ﬁéls(élt Sederanc1bd) tegglv@n@myhﬁﬂj(tertn DVF (2

niL) was tre t he

reazztl on m x?h&gy%é&w ég%ﬁ?%gjegn&]fg%cﬂ?%& Eil ‘3%%10% I E%&er (10 nm).
The organic Iv&dlyterSOMSAm}xalrabédlpﬂmh%-mbdtertdmt@dlcanbdnyi@m&d)){edly@)-&-e an oil

whi ch was h (Et QAc/ ane, 1/4) to gi tert-butyl
611 o - SUpirETRIVRIRORR Ry oS e fy Rt T Ry B b barmt o as a
white solsd. MeGRI2HII9ANET N eidBWbMkion in water (3 mL) was heated to 60 °C for 4 h

| - (6-fluoro- 4 met hyl t hi omet h enyl qui nol i n-2-yl )eglgﬁ -carbarrate (64

|
mg, 0.15 mmobyloraremaypkefmobeg ihﬁ‘efeé ems aeiflifiegitgpHA it r (2 )
was treated wWdReMNANA(BR ﬁ'{%re(ﬁv%sﬁéli)wftﬁ’jwla%%gd H‘i‘l&hm%% Qo éw@rzc(@) at 0 0C

The reaction mxture was then 'stirred at rt overnlg ht and partltloned

bet ween NaHCOegdimxyswbamarmthxlm fiioro-3Thenpgyianlice-fapdoxyesadithished wi t h
NaS2 3,

| - (6- 19I uor\gl?iil-g%We@‘rﬁy{}@%lh&%&ﬁ%mmﬁw‘?%ﬂ%ﬁéﬁ;l g/lu%ﬁé lrﬁi-{gtééyT%ué?le car banat e
as a white schibdnylMag®)Sheg-orflinorg-BSihenpigeinslids9- oéﬂdoﬂty]ic) acid was

4- Am no-6- (| -(6-f - 4- | sul, I th I 2-yl

et h;1l Q?n' no§ pﬁ‘ﬁsipﬁji“%ﬁ%ﬁrgoféﬁj %@E%ﬁtiﬁ {;o K%tﬁngéﬁ‘(ﬁ3ﬁ%q mf 5eq) 7Y )

1- (6-fl uoro-4-(nethy Isulfo Irreth 1)-3 phenquumolln yl)ethylamno)
pyri ni di ne-5 fol 1@? CiEo S(Hﬂdlétqlrp { heLsil 3 993 Tharrsetion@Ixtye Wisep

stirred at this temperature for 1.5 h before addition of ice-water (2 mL) followed

by NaBH,4 (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 tert-butyl 1-(6-
fluoro-4-(hydroxymethyl)-3-phenylquinolin-2-yl)ethylcarbamate as a white solid.
Mass Spectrum (ESI) m/e =397 (M + 1).

20  4-Amino-6-(1-(6-fluoro-4-(hydroxymethyl)-3-phenylquinolin-2-yl)ethyl-
amino)pyrimidine-5-carbonitrile

NH,

Boc\NH NH, k\N |

NH
N\ N\
| = e | = O A |
F
C S0 O
OH OH
To a solution of tert-butyl 1-(6-fluoro-4-(hydroxymethyl)-3-phenylquinolin-2-yl)-

ethylcarbamate (130 mg, 0.33 mmol) in DCM (2 mL) was added TFA (2 mL) at

25  rt. The mixture was stirred at rt for 30 min before removal of solvents. The

OH

residue was treated with benzene and concd under reduced pressure and stored



aration of 4-amno-6-( 1-(6-fluoro-4-(hydroxynethyl)-3

- phenyl qui nol i n-2-yl)- ethyl am no)pyri m di ne-5-carbonitrile. 1H NVR (400
Hz, CD3ODyocoB/B32740dd, J = 8.0, 4.0 Hz, IH), 8.09 (s, |PCTB2Q0/0809d2 J =
8.0, 4.0 Hz, IH, 7.69 (td, J =8.0, 4.0 Hz, IH), 7.52-7.60(m 3H),
7.44-7.46(m 2H), 5.43 (g, J = 8.0 Hz, IH), 4.87 (2H, overlapped with

sol vent peak), 9 3H), 1.45 (d, J = 8.0 Hz, 3H). Mass Spectrum (ESI)
me = 477 (M&lﬁg&d@?g WO PCT - 138 ~!3xanpl e 57:

2- Et hyl - 6-fl uoro-3-(pyridin-2-yl)quinoline-4-carboxylic acid and 2-ethyl -6-
f | uor o- 3- ( pyuhdérhigh yacpami fao? hrie gived 2 beramothy DAd-diugrasd-ehetylqueolicndwn

| - i di n-2- - 1 I - - | i 22.0 g,
0 %y - Ron P RhanacriBl Sl R i GG ey G Mo HOORA e heat e
to 90 0C ovemninght-4-Bohstbmicd T @ltd 038 dnihol, E0dc), Alanano-6ectiiorapyrechidd t h et her
twi ce. Th t ol.j filtered hed wi t d dried in th
LT T provi B earRpRtls Ul g ) g S ghe BARRRS G R L et e e
(presumedst o (hang WwaRmeedd Yo B0 TPoVdrhight. THI- MRire $RQ cbiled FMBehd poiificl 8. 71
(dd, J = 10.0, 5.0 Hz, |]§% 8.14l\$/dd J =10.0, 5.0 Hz, IH, 8.03 (s, IH),
7.94 (td, J 2yrevesse nhage PPLCI(MeCN/HpB/G 1 4G FvmI 05050) te giyg 4c¢ming-6=(110 0 H,

I , 7.51 (d J = .0, 5.0 I , (.46-7,.4 l. 2.47. , J =50
o 2H), ) 136-(@9r0r}-217>§f@<y|£&3ﬁh?tp@%@gmgﬁlé%??YE)#W%@}%@Q%%- (M+ 1).
The filtrate Wagn@GkdifAd &6k WiathikORRydHTL NP 014z, CHOD)ESYb 6dh, br own

solid was filtered and dried in the air. The filtrate was coned again to
gi ve addi ti orred.0.rfefd Blzj Hi), TR f iH) B &0 déddvds 860 HandH),17e@z@d.dr+ 84, and

oxt actegut Ly BN R 2000 FEIBY SOl SOLYR iy g
J = 10.0, 5.Qd,Hz 12 Hy, 18), 3&0((da) =32 HZ1 0HY, 1.4 @, Hz,8.0 Hy, 3H). ass
Spectrum (ESI) m/e =415 (M + 1).
Example 56:
tert-Butyl 1-(6-fluoro-4-(methylsulfonylmethyl)-3-phenylquinolin-2-yl)-
15  ethylcarbamate

Boc<

® F
OMs

Boc< Boc

NH NH
N\ N\
J L — 1
O Ot
SMe SO,Me

A solution of tert-butyl 1-(6-fluoro-4-(hydroxymethyl)-3-phenylquinolin-2-yl)-
ethylcarbamate (220 mg, 0.56 mmol) in DCM (5 mL) at -10 °C was treated with
Et3N (0.11 mL, 1.4 eq) followed with MsCl (0.053 mL, 1.2 eq). The reaction

20  mixture was slowly warmed to rt. and washed with NaHCO3, brine, dried and

concd to give (2-(1-(tert-butoxycarbonylamino)ethyl)-6-fluoro-3-phenylquinolin-
4-yl)methyl methane-sulfonate as a white solid. Mass Spectrum (ESI) m/e = 475
(M +1). A solution of (2-(1-(tert-butoxycarbonylamino)ethyl)-6-fluoro-3-phenyl-



(td, J =10.0, 5.0 Hz, IH, 7.78 (td, J = 10.0, 5.0 Hz, IH), 7.56-7.60 (m
2H), 2.47 (q, J = 5.0 Hz, 2H), 1.12 (t, J = 5.0 Hz, 3H). Mass Spectrum
(ES) m ewe 288715(Mb+A- 1478 WO- PCT - 139 - Met hyl PCT/US2010/039942
2- (1 -(6-am no-5-cyanopyri m di n-4-yl am no) et hyl )-6-fl uoro- 3-
(pyridin-2-yl)quinoline-4-carboxylate To a sol ution of

2-ethyl -6-fl or 3- di n-2-yl) qui nol i ne-4-carboxylic acid (15 g, crude,
50.6 mmol) | %W&%@lﬁ was added TVEGAN-2 (2M 46.5 niL, 1.8 eq) at 0 0C,
the reaction mxture was stirred at rt for 2 h. Renoval of solvents

fol | owed wi t quoliomrylyhetbrametgrrgshlorsite G0 ineg Ogdl mpeh CAOME KAmd,) vas3) gave
nmet hyl 2-ethyl . - | di -V ) Qui Aolsne: 4- s a pink
ol 10,1+ TR0 TR PAT by B2y AR R GRRIKF S 26° G,
J = 8.0, 4. Ophizitiohtd) betx?ze&BE‘(ONc; (1D rHLBatﬁi, Wdeﬂ(lﬂlan) Hhe onfzabiz- liyén's&fa(sm 2H) ,

7. 45 (dd, J = , 3 3.66 (s,
3H), 2.94 (g ey T dﬁﬁé%ﬁ%gé givg an Ogvg‘ﬂakwa%pﬁﬂzé% Phyi
2-(1-(6-am n@o&bﬁlﬁ@ﬂﬂ(mﬂﬁwfhdihﬁb 4%4)&@@1@@&%5@1 1 (6-fluoro-4-(methylthio-
fluoro-3-(pyridi ngy%_péeq u i.nol i ne-4-carboxyl ate was synthesized starting

from net hyl ~ 2058 ﬂﬂa%hrgwwmwﬁama@aw 9S<:ﬂmh16¢ M@ A-oltiegftdte in the
sinmilar mann%{uﬂ% (@rfﬁl\bk&u%hﬁét@ﬁﬁme@% 8 Ohe I GRACIAL-D YNy BarbRh@SPONdi NG

phenyl anal og ne

2- (I -(6-ani néé%m@yéﬂl@pymlhﬂm mixfuse| dpeetodettml), - B1H (2uokpasl whien(d qui nol i ne-

321070, 5 Bty Ko BRI 9 fhity iggRgl Lol o, Py 20,070

I( (:l;j ‘é 6_15§'g 3(5? hé)reléllg_tﬁonl Ih')x'turz '\xgtg tl(eﬁbcgtm%d at ﬂ:?vgm Jg'rht Qn artﬂl&ﬁed'k?et\;gen7 60 (m

Spect rum ( ESNaHﬁ(Q:SOLMLIpI( amqutQ)Ac (EQ arp{F)L dhg®@rganic layer was washed with

2-Et hyl - 6-fl uoro-3-(pyridin-2-yl)quinoline-4-carbonitril eA 1478 WO PCT -
140 - NaS,03, wafer, 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 (ESI) m/e =459 (M + 1).

15  4-Amino-6-(1-(6-fluoro-4-(methylsulfonylmethyl)-3-phenylquinolin-2-yl)-
ethylamino)pyrimidine-5-carbonitrile

NH,

NP~ N

NH |
N 2 N LbN NH
N N
O, - 0 - A
7 F 7 F |
® ® e
SO;Me SO;Me O

4-Amino-6-(1-(6-fluoro-4-(methylsulfonylmethyl)-3-phenylquinolin-2-yl)ethyl-

Boc.
NH

SOzMe

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-phenylquinolin-2-yl)-
ethylamino)pyrimidine-5-carbonitrile. 'H-NMR (400 Hz, CD;0D) & 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 (s, 3H), 1.45 (d, J = 8.0 Hz, 3H). Mass

25  Spectrum (EST) m/e =477 (M + 1).



To a suspension of 2-ethyl-6-fluoro-3-(pyridin-2-yl)quinoline-4-carboxam de
(200 ng, 0.68 mml) in dioxane (3 niL) at 0 OC was added pyridine (2.1 eq,
0.1 15 rmup2bolisomwed with trifluoroacetic anhydride (1. 2PCeqiS2@0039%%2 r nL)
dropwi se, and the reaction m xture was warnmed to rt. overnight. The
resulted black reaction m xture was partitioned between DCM and a satd

sol ution of The.organic |ayer separ ated, washed with brine,
dried over %T%g’@ P&T coned and pﬁ@gﬂ ed by col umm chromat ography on
silica gel (EtOAc/hexane, 2/3) to give a white solid. Mass Spectrum (ESI)
me = 278 ( MExample 57:

2-(1-(6-Amn i t in-2-yl)-
quinol i ne- 4. 2a$%1§m Wf} 3”31pg;!rfa‘nk2>5h)g{6?.g(ﬁ%&% J‘Xé@oﬁyﬁé Y44 Ind 2 KK

- cyanopyr i m diuworé3y(parilin}-at)qninoli@ei4-earbox@Bnidepyri di n- 2-yl ) -

qui nol i ne- 4-carboni trjle was synthesized starting from 2-ethyl-6-fluoro-3-
(pyridin-2-yl©yquyno || -4-carbonitrile in a simlar manner as previously
descri bed for prepakation of net hyl NN

2-(1-(6-am no-5-cyanopyrimdin-4-ylamn - 6-
quor03(pyr|d|n2¥3I)qu1—nD1‘rhe4 294 E~HAH Ode6) d
8.77 (d, J =&4.0 Hz,y1H), 8.31 (dd Q4 4.0 Hz (td, J =
8.0, 4.0 Hz, | . td, J = 8.074.0 IH), 7. 7.83-7.88
(m 2H), 7.53- H), 7.24 (s, br, 2H) 549557(m IH), 1.43 (d, J
= 4.0 Hz, 3H). Mass pectrum(ESI) rﬂe 4 11 (M+ 1). Exanp Ie 59

2- Et hyl - 6 flyoroe ridin- 4( 141 - A
mxture of 276t Wreé#¥ eu%nrogvnisl rp(%glqw utan %82%’; %ﬁ 57 8 mmol ),

2- (tributyl :ﬂﬁlafd‘tsaltlhmm.() @l N6 cgRKOHY?22. 3.g23 o)), ROE (100 rnL) and water
tetrakis(tri ?P()e()nr%ﬁ)gvgss Eehaitendet)o_% °C overnight. 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-yl)quinoline-4-carbox-
10  amide (presumed to have formed via impurity). "H-NMR (500 Hz, DMSO-d°) &
8.71(dd, J=10.0, 5.0 Hz, 1H), 8.14 (dd, J = 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, J = 10.0 Hz, 1H), 7.51 (dd, J
=10.0, 5.0 Hz, 1H), 7.46-7.48 (m, 1H), 2.47 (q, J = 5.0 Hz, 2H), 1.12 (t, ] = 5.0
Hz, 3H). Mass Spectrum (ESI) m/e = 296 (M + 1). The filtrate was acidified with
15  conc. HCl 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 concd
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,
DMSO0-d% § 8.72 (dd, J = 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 Hz, 1H), 7.78 (td, J = 10.0, 5.0 Hz, 1H), 7.56-7.60 (m, 2H), 2.47
(q, J=5.0Hz, 2H), 1.12 (t, J = 5.0 Hz, 3H). Mass Spectrum (ESI) m/e =297 (M +

1.



pall adium( O (3.34 g, 0.05 eq) in dioxane (600 rnL) was purged with N2 and
heated to reflux overnight. After cooling to rt, renoval of solvent

f ol | owed wOt2hiopsni4bi cati on on col unm chronmat ography on ®Criusa019®B9942

(DCM MeOH, 1/0 to 20/ 1 containing NH3) gave
2-ethyl-6-fluoro-3-(pyridin-2-yl)quinolin-4(IH-one as a white solid. Mass
Spect rum ( ESI e = (M+ 1).

2-(1-(4-Chlo '-l%%fw&b'ﬁg%&(pyri di n- 2- y1)dui nol i n-2-yl ) et hyl )i soi ndol i ne-1, 3
- dione A suspension of 2-ethyl-6-fluoro-3-(pyridin-2-yl)quinolin-4(lH)-one
(1000 ng, 3. Methwul 3-(1-(0-PoOGS{c3anepyrimislitrdax emin®etbub-évaftuow3-2 h. After
cooling to r .he 4 d Ti,> poured into a m xture of ice and
wat er and sl m@&ﬁairgggﬁlkgﬁ??4‘ggﬁfxa"%§Hco was added until the sol ution
reached pH 8. The resulted solid was extracted with BNMAc, washed with
water, brine, dried, coned and purified by colum chy gr aphy on silica

gel (EtQAc/ hexane, 1/1) to give 4-chloro-2- N
et hyl - 6-fl uoro-3:- (pyridi n-2-yl) qui ngl NEN S~ solid. >N""NH
v

2-(1-(4-Chl oro<6- B- | steps
(pyridin-2-yl )quifQlin 2yl ) ettyl i ~, 3-dT one”Wa ned in the
simlar manngr as described previ N chHZM'%he pr epar at40n .

2-(1-(3-(3, 5-u¢#Y udrSphenyl ) - |
6- f | uor o- 4- (met hyl t hi 0) qui nol i n-2-yl ) et hyl )i soi ndol i ne~=d 3-@HKe. Mass

Spectrum (ES = ) o -l - D, | = 142 - - !
P Ca ohi o oo a0 eRuion 3 A Aoy 6L Rttt SlynoHiZa-cat B nEMES LI 5,
suspensi ok o0fg, crude, 50.6 mmol) in 75 mL MeOH was added TMSCHN, (2M, 46.5 mL, 1.8

2-(l-(4-chloro-6-fluoro-3-(pyridin-2-yl)quinolin-2-yl)ethyl)isoindoline-
|, 3-di one (240 #d), °@ tsoreastwinymixmrEw@bistigeditir) fordd. thamavatiolmol venksydr a zi ne

par i ¢ bnod Al i fallsh S AR Wlic el O SR A Dy er vae
separ at ed, wasdigd 2véthyl-Gafitien;3-yiride-2-giqeaohind4 carvedylhe agiaenk solid.
| - (4-chl oro-6-fl uoro-
H-NMR (400 Hz, CDCls) 6 8.78 (dd, J = 8.0, 4.0 Hz, 1H), 8.16 (dd, ] = 8.0, 4.0
10 Hz 1H),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, 3H), 2.94 (q, J = 8.0 Hz, 2H), 1.25
(t, J=8.0 Hz, 3H). Methyl 2-(1-(6-amino-5-cyanopyrimidin-4-ylamino)ethyl)-6-
fluoro-3-(pyridin-2-yl)quinoline-4-carboxylate was synthesized starting from
methyl 2-ethyl-6-fluoro-3-(pyridin-2-yl)quinoline-4-carboxylate in the similar
15  manner as previously described for preparation of a corresponding phenyl analog
methyl 2-(1-(6-amino-5-cyanopyrimidin-4-ylamino)ethyl)-6-fluoro-3-phenyl-
quinoline-4-carboxylate. "H-NMR (500 Hz, CD;OD) § 8.76 (d, J = 5.0 Hz, 1H),
8.28 (dd, J =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, 1H), 7.57-7.60 (m, 1H),
20  5.65-5.75 (m, 1H), 3.68 (s, 3H), 1.48 (d, J = 5.0 Hz, 3H). Mass Spectrum (ESI)
m/e =444 (M + 1).
Example 58:
2-Ethyl-6-fluoro-3-(pyridin-2-yl)quinoline-4-carbonitrile




3-(pyridin-2-yl)quinolin-2-yl)ethanam ne as a white solid. This was
dissolved in THF (5 nL) and treated with Et3N (0.10 nL, 1.3 eq) followed by
BoC20 (14Ms0rmg10/151A0eq) . The sol ution was refluxed for 2PaT/UARG®038DI| i Ng tO
rt, renmoval of solvents followed with colum chromatography on silica gel
(Et OAc/ hexane, 1/1) gave tert-butyl
1-(4-chloro-6-flyoro-3-(pyridin-2-yl)quinolin-2-yl)ethylcarbamte as a
white solid. %@@&?F&um(m) e =462 (M+ 1). tert-Butyl

| - (4- (di met hyl am no) - 6-fl uor o- 3- (pyridin-2-yl)qui nolin-2-yl)-

et hyl car banatle asuspespiensit dretinfl-6- uqrotﬁ;(p)yrldln -2-yl)quinoline-4-carboxamide

0. 54 ol 1 CALHE QoS e Xb A PP LS i ge G ORRYS 157, 10,
seal ed tube artL)EfGll@\@edwrthﬁlﬂhmm&eamdnﬁydrmmr 2at, (Bﬂ)li)lﬁlx)dmpml@hand lﬁem)val of
t he sol vents %gve tert-but

e oror 5o (o aeisn bRttt b o UarE asIRAiRd black reastipB@iFTSm whi ch

was used sli r ek pyrtitiohed B&wB@XDCMQMaMi%ol&ﬁ@{JMNéTHCB? ThéW@amicdaykt (M +
1) . A-1478 WO-PCT - 143 -

4- Am no- 6- (| wad s¢mirated, wdshed woh biné,|duied 0vE&-dofdiumi slil frd cyhgdopnidpokiifind 2- y1 ) -

et hyl am no) pyri mdin 5carb0|tr|JeAs n_ of t-butyl .

(i Cai ot bW SR s QsRarsor sy ar By R of PN Ybithy1 car barat e
(45 ng, 0.1 ;Olmasslsge@gﬂl(@mhyé =\wag (reajed with TFA (2 rnL) at rt for 2
h. Solvents were renpved under reduced pressure and the residue was stored

under vacuumf@r(6:AmineS-gyropyrimidiriidamingsthglo-fluere- N (radired-HH -
3-(pyridig- 2 Eﬁo‘iﬁi‘eﬂﬂédr’goﬂltﬁm ne as TFA salt. This was treated with

4- am no- 6- oropyrlm I ne-5-carbonitrile (17 ng, 1.0 eq) and Hunig's base
(0.038 ni, 2 0 eq) in n-BuCH (2 nL) at 120 0C oNEs ni ght After cooling to
rt, the reactlon m xture was diluted with 1rrL subj ected to reverse
phase HPLC
steps
N
~N

2-(1-(6-Amino-5-cyanopyrimidin-4-ylamino)ethyl)-6-fluoro-3-(pyridin-2-yl)-

quinoline-4-carbonitrile was synthesized starting from 2-ethyl-6-fluoro-3-

(pyridin-2-yl)quinoline-4-carbonitrile in a similar manner as previously described
15  for preparation of methyl 2-(1-(6-amino-5-cyanopyrimidin-4-ylamino)ethyl)-6-

fluoro-3-(pyridin-2-yl)quinoline-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 (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 (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 (ESDm/e=411 (M +1).

Example 59:

2-Ethyl-6-fluoro-3-(pyridin-2-yl)quinolin-4(1H)-one

H
H N
| - -
m’z | X F



(MeCN water, 15-60% 0.1% TFA) to give 4-am no-6-(Il-(4-(di nethylam no)- 6-
fluoro-3 -(pyridin-2-yl)quinolin-2-yl)ethylam no)pyrimdine-5 -carbonitrile
as a TFA walzp10/15H4bDIMR (400 Hz, CD30OD) d 8.85 (d, J = 8. @CHAIS201b039982 06- 8. 20
(m 3H), 802 (s, IH, 7.78-7.85 (m 2H), 7.63-7.67 (mIH), 4.95-5.05 (m
IH), 2.98 (s, 6H), 1.62 (d, J = 8.0 Hz, 3H). Mass Spectrum (ESI) me = 429
(M+ 1). Exanple 60:

4-am no- 6- (| g?é&% %&BCI nmor phol i no- 3-'(16>1r'i di n-2-yl)qui nolin-2-yl)ethylamn
0) pyrimdine-5-carbonitril eA-1478 WO-PCT - 144 - 4- Am no-6-(

1- ( 6- f | uor o- 4 witpiesifi2rshyd-6-{lpgror Hiodoguipplyyd Ibtang (2894 e h§ mandlh) -

pyri m di ne- 54 ity . Lzed | S 1) as the
orocedure fo #ﬁ%h@ﬁ%é@ggkgﬁlﬁg (%g@é,hlef e&), gnd f%trgk@dt%ﬂe%gllp%gmﬁ{e)

4- ami no- 6- (| peHadidin@t(hy# and.0dkrqGinfdiarano {@0(rpl) wds purged/vjth N5 and

qui nol i n-2-yl)ethyl am no) pyri m di ne-5-carbonitrile. 1H NVR (400 Hz, CD3QOD)
d 8.88 (d, Jheatad ® neflux prnight. g¥teg codlinento rZ Hymowil 8bs@va fellpwadhyith 4, 95-5. 05

(m TE0. 3 PRS0 B on P s 8o, Tl 3H

4- Am no- 6- (| <ofainingoNH- edva-2hyttylebkylaaet 3 -Ghyridin-RHy))qBinopiy+4( til Ree 84 § qui nol i n-
2- yl)ethylam no)pyri mdi ne-5-carbonitrile 4-am no-6-(l

- (6-f 1 uor o- 4w(Behylid. My Spretdim(EID yi/§ =260g)r +di.n- 2- yl ) qui nol i n-2-yl ) -
tethgy:ofgcggfj%5(}1g@@%@e%{g:pgnfqo%ﬁ.’}g@ry'r{d?n.‘ﬁ’?yﬁ)qsdﬂ‘élﬂﬁf.'yf)%ﬁly'l)'i‘so?n&'ﬁ%‘e.'1?3{. franner as
4- am no- 6- (| diehe( di et hyl am no) - 6- f | uor o- 3- (pyri di n-

2-yl)qui nolin-2-yl)ethylam no) pyri m di ne-5-carbonitrile,_1H NVR (400 Hz,
CD30D) d 8.82 (d, J = 4.0 Hz, IH), 7.98-8.08 (m 4H), 7% 7.79 (m IH,
7.62- 7.65 (m |H, 5.30-5.40 (m IH), 4.46-4.49 (m |H-—3.72-3.79 (m

IH), 3.23-3.26 o o

H _N | N
| I S 2 steps N
X F | A F - |
| _N e} ~-N Cl | X F
10 ~N Cl

A suspension of 2-ethyl-6-fluoro-3-(pyridin-2-yl)quinolin-4(1H)-one (1000 mg,
3.7 mmol) in POCIl3 (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 NaHCO3 was added until the solution reached pH 8. The resulted solid

15  was extracted with EtOAc, washed with water, brine, dried, concd and purified by
column chromatography on silica gel (EtOAc/hexane, 1/1) to give 4-chloro-2-
ethyl-6-fluoro-3-(pyridin-2-yl)quinoline as a solid. 2-(1-(4-Chloro-6-fluoro-3-
(pyridin-2-yl)quinolin-2-yl)ethyl)isoindoline-1,3-dione was obtained in the similar
manner as described previously for the preparation of 2-(1-(3-(3,5-difluoro-

20  phenyl)-6-fluoro-4-(methylthio)quinolin-2-yl)ethyl)isoindoline-1,3-dione. Mass
Spectrum (ESI) m/e =432 (M + 1).



(m 2H), 1.40 (d, J = 4.0 Hz, 3H). Mass Spectrum (ESI) me = 457 (M +
1). A- 1478 WO-PCT - 145 - Exanple 62:

(S)-2- (I -Wo-2600v130748- cyanopyri m di n-4-yl am no) et hyl ) - 6- f PaDrus2d0 849y | - 3-
phenyl qui nol i ne- 4- carboxam de (S)-tert-butyl

| - (et hoxy( net hyl ) am no) - | - oxopr opan- 2-yl carbamate (1.16 g, 5 mmol) in THF
(10 nL) was cool 0.-15 0C and slowy harged W th isopropyl magnesi um
chl ori de (2 'E&ﬁg“%»Pﬁ& 0.95 eq) At a cl ear sol ution was obtained,
benzyl magnesi um chloride (1.0M 4.99 nL, 1.0 eq) was added dropw se mnth
stirring at tertfByrtyyl-d- ClﬂhEO-ﬁéhwpén(mbdﬂl!rﬂe/lmn(duewﬂéﬂlmatfhamﬂted

sol ution and ex cted with EtQAc (10 nL x2). The conbi ned organic | ayers

wer e washed w t ter, brine, dried over sodiumsulfate, coned and
purified by co llash (Et OAc/ hexane, up to 1/3) to give aggcolorless oi
(S)-tert-buty=3- 4- phenyl but an-i/H,y| car bamat e. Nhsskﬁpectrun1(ESI) me

= 264 (M+ 1). TP a solution of (S)
3- 0X0- 4- phenyl bt g

5- quor0|ndoI|ne 2
KOH (15 71 g, Y
overni ght, buf_rmcem zatl on was ob via chiral HP w th CL0A30 mn

met hod. Water was added and Et OH was renoved. The ag. |ayer was washed wth
Et 20 (2x), adi gispérstdnvafiZa( 1t diBirogntluerhed-@oridin-2-yDyeineln-2TH s thad)iso- ayer was
extracted w t 0

culfate Bot ﬁlﬁ‘ds ﬁ%éﬁgy digRe szt% r%% d‘%é"@}m%'i 1P%’tgﬁe(4%”ﬂ) Ui 6 QS ltn RGUM

2- (1 - (ters-butnex9 @anbpmsloam fioop eﬂilhy A)fteb eddling@rto +t3the reaction mixture was

phenyl qui nol ic a

2-(I-(tert- b@?%&'ﬁe%%%}yﬁ%/%wtﬁﬁg%} I':u}(PE‘EBAc (10 mL). The organic layer was

6- f 1 uor o- 3- phgnyited Imhw@rtﬂmeerr bl HiGePaiidbonas tPsilE il i(@dhRio-6Mob-

HPLCA- 1478 WO PCT - - (isopro anol / hexane gradient, AD colum) to
provi de (S)-2: (@ym@m&—yb%@@gy%—g})gglﬂwr@@p oy whitesolid. This was dissolved 1ri

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)quinolin-2-yl)ethylcarbamate
as a white solid. Mass Spectrum (ESI) m/e =402 (M + 1).
tert-Butyl 1-(4-(dimethylamino)-6-fluoro-3-(pyridin-2-yl)quinolin-2-yl)-

15  ethylcarbamate

HN,Boc HN'BOC

,N| ,N|
YT LT
N Cl _N  NMe,

A suspension of tert-butyl 1-(4-chloro-6-fluoro-3-(pyridin-2-yl)quinolin-2-yl)-
cthylcarbamate (57 mg, 0.14 mmol) in MeOH (1 mL) was treated with Me,NH 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 solvents gave tert-butyl 1-(4-(dimethylamino)-6-
fluoro-3-(pyridin-2-yl)quinolin-2-yl)ethylcarbamate as a yellow film which was
used directly for the next step. Mass Spectrum (ESI) m/e =411 (M + 1).



et hyl ) -6-fl uoro- 3- phenyl qui nol i ne-4-car boxylic acid. Mass Spectrum (ESI)
me =411 (M+ 1). To a solution of 2-(l-(tert-butoxycarbonyl am no)

et hyl ) - 6-wburoroats8H4phenyl qui nol i ne- 4-carboxylic acid (4 @CTAISZ@OoMBIM) i n DVF
was added HATU (5.56 g, 14.62 mmol ), DI EA (3.40 nL, 19.49 mmol) and

met hanam ne (9.75 nlL, 19.49 mmol ). The resulting m xture was stirred at rt
overni ght. EtOA ed. The organic |layer was washed with water, brine
and dried ové Zg@dwg |fate. The solUfon was filtered and coned in vacuo
to give a yellow solid. The crude yellow solid was absorbed onto a plug of

silica gel addAmine-6i(bdHigimsthpamingrefngreddpyriding?-yhquinglind-gt of 0 %to

60 % Et OA tyl
| - (6-fl uo(r:ol- Eﬂl(’wn%?ﬂ&)%%r gd%%:s%%ﬁ&ﬁk#%qﬁl nolin- 2-yl)ethylcarbamte as

i ght-yellow solid. Mass Spectrum (ESI) nle = 424 (MNHzl). To tert-butyl

| - (6-fl uoro-4-(nethyl carbanoyl) - 3- phenyl qui nol i n- 2- eLonpl carbamate (20.41
g, 48.2 mol) WBa@ded 4N HCA /1, 4-di,oxane(20 i, | ). The resulting
mxture was stirred at rt for 1 h. $0l vent was reno KA the resulting
2-(1 -aninoeth 5N 3-Pheryqui nol i ne- 4- hoxani de was

To a solutio
car boxam de i

NoINVeand DI EA

(25 2 rrL 145 @mion of&%bh@@ ml(m(aﬁnemyﬁrﬁfn%) mo?@@t@yn&a 21?1%19&)1&92 3 h.
The reactlon was allowed to cool to rt and the ered, washed

wi th hexahes ybethaicpihemate (65 ne@ Dalrh HEwob-ig W;@ mlm vmsﬁreated with TFA (2
R T el
gr adi ent, ADvaelstomet) urtder wmuamrfo( Bh-t8 gie-2A-6-amnecthSL ¢y Bumopy¥, Nadidicthyd~
3-(pyridin-2-yl)quinolin-4-amine as TFA salt. This was treated with 4-amino-6-
chloropyrimidine-5-carbonitrile (17 mg, 1.0 eq) and Hunig’s base (0.038 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-
fluoro-3-(pyridin-2-yl)quinolin-2-yl)ethylamino)pyrimidine-5-carbonitrile as a
TFA salt. 'H-NMR (400 Hz, CD;0OD) § 8.85 (d, J = 8.0 Hz, 1H), 8.06-8.20 (m,
15 3H), 8.02 (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, J = 8.0 Hz, 3H). Mass Spectrum (ESI) m/e =429 (M + 1).
Example 60:
4-amino-6-(1-(6-fluoro-4-morpholino-3-(pyridin-2-yl)quinolin-2-yl)ethyl-

amino)pyrimidine-5-carbonitrile

NH,
CN
N/
HN,Boc |-|N’BOC k\ |
N N NH
N - | 2 steps N
\l XY F _ |
AN F N
| |/N N |\ F

20 0



yl am no) et hyl ) - 6- f | uor o- N- net hyl - 3- phenyl qui nol i ne- 4- car boxam de. 1H NWR
(400 Hz, CD3OD) d ppm1.34 (d, 3 H 2.63 (s, 3 H 5.51 (q, J=6.52 Hz, 1H)
7.32 - 7.0 201y156748) 7.57 - 7.71 (m 1H) 7.93 (s, 1H) 8PC#/USdalo/039992 39,
5.28 Hz, 1 H). Mass Spectrum (ESI) me = 442 (M + 1).A- 1478 WO PCT - 147 -
Exampl e 63:

2-(1-(6-Am nao- 5- 0 i m di n-4-ylam no) et hyl ) - N- (cycl opr opyl net hyl ) - 6-
fIuoro-3-pheﬁyiﬁﬁgﬁgrpﬁgl4-carboxanidé f4§teps To a solution of 2-(
1-(tert-butoxycarbonyl am no) et hyl)-6-fl uoro-3 -phenyl qui noline-

4- car boxyl i ¢ 4aingho-6r( DFlgomp-Hhimoyphedivo Sddet disy 2y bpwiopn-get leiydarmine)-( 34. 7

ng, O0.487 DL EA - §¥9I - 366 mmol )

. The resur?ﬁk%n%éé uf%9§§§ﬁ§$%??%gé§§zr 1é%%?ﬁ%ﬁﬁ@%géé%ﬁgP%§§d%§ded and

t he m xture Vashegrepatatiomaf ¢amidir-644&-(difdinetliyéchniov e 6-fhodi-Bpgidif&td)- The

sol vent was repoyed in vacuo. The crude residue was subjected t i flash
purification quglpﬁa-%ﬂli @t%ﬁ%ﬁ%}ﬁésca%m%ﬁ%ilﬁ-NMPt F‘{Qﬁm CDS%DC)cgm

| - (4- (cyck opragylympL Ry GANRAMPYY 824 (m, 7H), 5.30-5.40 (m, 1H), 4.95-5.05 (m. 1H
6-f|uoro-3-phenf|huinoliﬁ-gﬁg?)ethylg%rb hﬁte.'wégg S édtruh1éggl))h1e
464 (M + 1). 37T0-273 ohudlilpR.98f3. 2@ oAk YI561(d (U= ¢ OyidL. Gph opbnEtckirhmar banoyl ) -
6-fluoro-3-p | guinpli s 2-yl) et hyl carbamate (98.4 ng, 0.212 mmol) in DCM
(1 nm) was Z§%§39¥Fgﬁ?(§1ﬁﬂ¥ 13.0 mml ) and the resulting m xture was
stirred at riExaarplé b1: The sol vent was renoved and the crude

2- (1 - ami noet -N-(cycl | met hyl ) - 6-£1 - 3- pheny! qui.nol.i ne- 4-carb
T de was ueed MM Er i eFebiaetiain kS0 S E A il &S00
(M+ 1).1700 Fneeywirhind)®frimdidihe-5-carbonitrile

-am noet hyl ) - N- (cycl opropyl net hyl ) - 6-fl uor o- 3-
phenyl qui nol i ne-4-carboxam de in BuOH ( 1 nL) was adéggiéNanino-G-
’
|

,BOC HN
HN N k\N NH
N ~ 2 steps N
| —_— ™ |  —— ’d
AN A F A F A |
| N Cl | ~N N | N F
Z _N N
OH
OH

4-amino-6-(1-(6-fluoro-4-(3-hydroxyazetidin-1-yl)-3-(pyridin-2-yl)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-yl)quinolin-2-yl)ethylamino)pyrimidine-5-carbonitrile. '"H-NMR (400 Hz,
CD;0D) 6 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, J = 4.0 Hz, 3H). Mass Spectrum (ESI) m/e =457 (M + 1).



chl oropyri m di ne-5-carbonitrile (37.7 ng, 0.244 mmol) and DI EA (0.085 ni,
0.487 mmol) the resulting m xture was stirred at 100 OC for I h. The crude
reacti on woxbpuvs1was purified using preparatory HPLC toPQIDIUESREI10/039942
2-(l-(6-am no- 5-

cyanopyri m di n-4-yl am no) et hyl ) - N-(cycl opropyl net hyl ) - 6-f 1 uor o- 3- phenyl qui n

oline- 4- carbox%% éli|-Nl\/R(400 Hz, ) d ppm0.05 (d, 2 H 0.37 (dd,
J=8.51, 1.47%% 58 - 0.74 (m 1% 1.45 (d, J=6.85 Hz, 3 H) 2.96 -
3.10 (m 2 H) 5.61 J=6.39 Hz, 1H)7.42-7.59(m6H)7.63-7.78(m

1H) A- 1478 WOEra@mple 2!-8- 8.10 (s, 1 8.22 (dd, J=9.19, 5.28 Hz, 1H) 8. 57

-2- (8I 7 ?6( ,Tm ﬁéﬁ"%}éﬁ@éﬁ%@&ﬁ%é& "&%Ha%mn‘g lﬁnﬁiﬁﬁ eh%lil Pl]}?)urogﬁﬁll sof?f opyI 3-

phenyl qui nol ipmenydqumolinx-amadboﬂ'mmdesol ution of

2-(1-(tert-butoxycarbonyl am no) et hyl)-6-fl uoro-3-phenyl qui nol i ne-
4-carboxylic acidoin DVF (1 ral) s added i sopropyl amni HHBQQS 8 ny, O0.487
mrol ) DI EA ( 85Jlnl, 0.487 OaNHATU (139 ng, 0.336 The

resul ting mi { uice Ve §,>t|rred at rt
m xture washed wt Ner, brine and C
was renoved i n vacuo. The crude residu® was.subj ect ed i
purification using 0-° 100% Et OAc/ Hexanes to obtain ter “but yl

| - (6-fluoro-4-(isopropyl carbanoyl)-3- phenyl qui nol Ny 2- yl ) et hyl car banat e.
Mass Spectrum (ESI') nm eNH#Bo#52 (M + 1). To a pure t ent - but yl

canbappyl ) - 3- phenyl qui nolNi n n4l2- yl)ethyl carbanate

(95 ng, 0. 210 nol ) was 3 HCI/I,24td| oxane S\pL, 2.000 mol) and
the resul ting m Xt Urexuas ed-at rt“ Y0 1 h. The 8o Vﬁnt was removed in
—_—

vacuo and the crude
2- (1 -am noet hyl)-6-f

5
(S)-tert-butyl 1-(methoxy(methyl)amino)-1-oxopropan-2-ylcarbamate (1.16 g, 5
mmol) in THF (10 mL) was cooled to -15 °C and slowly charged with isopropyl-
magnesium chloride (2.0 M, 2.37 mL, 0.95 eq). After a clear solution was
obtained, benzylmagnesium chloride (1.0M, 4.99 mL, 1.0 eq) was added dropwise

10  with stirring at rt for 4 h. The reaction mixture was quenched with NH4ClI
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 +1). Toa

15  solution of (S)-tert-butyl 3-oxo0-4-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 EtOH was removed. The aq. layer was washed with Et,0

20 (2x), acidified with 1M HCI 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



4- car boxam de used without further purification. Mass Spectrum (ESI) me =
352 (M+ 1). To a solution of 2-(I-am noethyl)-6-fluoro-Nisopropyl -

phenyl quiwol2oretsd740ar boxam de in BuOH ( 1 nL) was addedPETArsR0M04080942

chl oropyri m di ne-5-carbonitrile (37.7 ng, 0.244 mvol) and D EA (0.085 ni,
0.487 mml) and the resulting m xture was stirred at 100 OC overni ght. Upon
cooling, a sali tated and was filtered. The filtrate was renoved
and purifi ed V7 ﬂ%%ﬁ%@)gﬁ tory TLC using 159"MeOH/ DCM t 0 obt ai n

2-(l-(6-am no-5-

cyanopyr i m di(isopropinaiihesest grgdipnte AD epdwon Noipseyido i 2-G-erehyiogtt nol | ne- 4-

A 1475 w0 PpOhFgRIMpAye Yigb TR ot oSy RPIE, s % 5 )
3.93 (quin, Spécthin BSI) in/dHy- 431 581 « ¢). To=6 s@Btibizof 2-H)- (t%rtMtoxyé’arB&l}(lm 6 H)
(7E2|8) ) n17 e7§ i ])ﬁﬂl)ﬂ f?uqég ;n%t}eél%gmoﬁne 4- carboxyfl&mgf (Jl_% 9. Jyglmmo ECt rum

(S)-2-(1-£6- ANREvB8YAWQATU @5@@-14@@%1)01)@&1@ 30 Mt Hyb némbl) ued o- 3-
phenyl qui nol i ne 4- car bgxam de, To a sol uti on

(S) - 2- (1 - (t emtsEemircdrBoRy B hemebhyihe. reswlqlwt@eﬁf?éﬁyﬁa@aw i ne-

4- car boxyl i C o@&hhht. 1@@)ﬂywa9a(§f3§ mb}gahf& lgls}é:v&aslwdgﬁéd%§w%€@% et hyl am ne
(0.304 ., 0.609 Tmol), and HATU (174 mg, 0.457

mol ). The r ésdnﬂmdmgvamsadlumesu f@ érﬁlprsoleltiomwas filtersd azd roncfihe veolotent was
removed i n V 3% Ht %ﬂe tdg (%gol cﬂ;}g sgiat% %n Oai}/@k{il %@?ﬂl\é\@gg(ad Wi th
r e um sul fate. g

wat er, bri ne OvVer vent and
the crudeor eandipmﬁmjsbmdﬁor&mtegrapha ehmin‘givxﬁihaesgradusnmg“ B% BD QAEtDBE ENe t o

S IXCREGTIURREAT Y e e e

2-yl)ethylcarbamate as light-yellow solid. Mass Spectrum (ESI) m/e =424 (M +
1). To tert-butyl 1-(6-fluoro-4-(methylcarbamoyl)-3-phenylquinolin-2-yl)ethyl-
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-aminoethyl)-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-fluoro-N-methyl-3-phenylquinoline-4-
carboxamide in BuOH (100 mL) was added 4-amino-6-chloropyrimidine-5-carbo-

20  nitrile (7.45 g, 48.2 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)ethyl)-6-fluoro-N-methyl-3-phenylquinoline-4-carboxamide as
an off white powder and purified on a chiral column (isopropanol/ hexane

25  gradient, AD column) to obtain (S)-2-(1-(6-amino-5-cyanopyrimidin-4-
ylamino)ethyl)-6-fluoro-N-methyl-3-phenylquinoline-4-carboxamide. "H-NMR
(400 Hz, CD;0D) o ppm 1.34 (d, 3 H) 2.63 (s, 3 H) 5.51 (q, /=6.52 Hz, 1 H) 7.32
-7.54 (m, 6 H)7.57-7.71 (m, 1 H) 7.93 (s, 1 H) 8.18 (dd, J=9.39, 5.28 Hz, 1 H).
Mass Spectrum (ESI) m/e =442 (M + 1).



pure residue of (S)-tert-butyl

| - (4- (et hyl carbanoyl)-6-fl uoro-3-phenyl qui nolin-2- yl)ethyl carbamate (120
ng, 0.274wornoloy15wae added 4N HC /|, 4-di oxane ( 1 nmi, 0. 2¢4/useaio)399The
resulting mxture was stirred at rt for Ih. The solvent was renoved in
vacuo and the crude

(S)-2-(l-amno - thyI-6-quoro-3- henyl qui nol i ne- 4-carboxam de used
wi t hout furtgﬁﬁig%%&}P% tion. Mass Spéét90n1(ESI) me =338 (M+ 1). To a
sol ution of &hé 2- (1 - am noet hyl ) - N- et hyl - 6-f | uor o- 3-

phenyl qui nol mpleddboxamide in DVF (1 nml) was added

4- am no- 6 chl A d DI EA
(106 ny, %g(ﬁ&m%#moﬁslg%%@ﬁ ﬁ{'ﬂ%“ )”l %‘ﬁleo()évtggl) ﬁﬂ(ﬁ)%pgg%%' g\eer ni ght .
The sol vent \msrm-érmleagl(pmd)lmeuﬂeanbesamm was subjected to preparatory TLC
purification using 5% MeOH/ DCM to obtain

(S)-2-(l-(6-am no-5-cyanopyri m di n-4-yl am no) - A- 1478 PQF 150 -
et hyl ) - N-et hyl - @n@byoro 3- phenyl quiNHBbe ne- 4- car boxamid |as white solid.
QD)

1HNMR (400 Hz, ppm 0. 78 ( 1.36 (3 Hx. di J=6.65 Hz), 3.16

(2 H m, 5. 537 J=6.65 Hz), 7. 5 H259s 784 N1 1 H td, J=8.80,
2.93 Hz), 7.9 ‘ 8.18 9. 397>5. 28 b4 t,

J=6.16 Hz). run1(ESI) 56 (M+ 1). Alte natlle g

procedure F fof the pPreparation o i no- 5-cy
4-yl am no) et hyl ) - 6- f | uor o- 3- phenyl qui nol I ne-'4- car boxa €S F Na“sg%utlon of
2-(1-(6-am no- 5- cyanopyrlnldln 4-yl am no) et hyl ) - 6-f | uor o- 3- H

phenyl qui nol ar b y 0. s added
e (18 edp @ BhERR AT A G iy o el i -Palal s g m xt ur e
was stirred @tinolin-afcaiboRylid ed &f DNEF (Ti L Yiives w@&d%yabm?mdtpylhiﬁhﬁ
purification or_preparative TLC f&“gfurlflcatlon The foll owi ng conpounds

wer e synt hesi(¥edmge £APdiHEO-PEeh lﬁLo%é&LF%mﬁ)%FiHATL”j39H%’

0.366 mmol) . The resulting 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-
propylmethylcarbamoyl)-6-fluoro-3-phenylquinolin-2-yl)ethylcarbamate. Mass
Spectrum (ESI) m/e = 464 (M + 1). To a solution of tert-butyl 1-(4-(cyclopropyl-
methylcarbamoyl)-6-fluoro-3-phenylquinolin-2-yl)ethylcarbamate (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 rt 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  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) the resulting mixture was stirred at 100 °C for 1h. The crude
reaction mixture was purified using preparatory HPLC to obtain 2-(1-(6-amino-5-
cyanopyrimidin-4-ylamino)ethyl)-N-(cyclopropylmethyl)-6-fluoro-3-phenyl-

25  quinoline-4-carboxamide. "H-NMR (400 Hz, CD;OD) & ppm 0.05 (d, 2 H) 0.37
(dd, J=8.51, 1.47 Hz, 2 H) 0.58 - 0.74 (m, 1 H) 1.45 (d, /=6.85 Hz, 3 H) 2.96 -
3.10 (m, 2 H) 5.61 (q, /=6.39 Hz, 1 H) 7.42 - 7.59 (m, 6 H) 7.63 - 7.78 (m, 1 H)



the procedure exanplified by exanples: 62, 63, 64 or 65. Exanple 66:
2-(-1-((6-Am no-5-cyano-4-pyrim di nyl)am no) et hyl)-6-fl uoro-N net hyl -
phenyl - 4-woiznw/ismear boxam deA- 1478 WO- PCT - 151 - 1H NRRT(U$0@0402994CD3CD) d
ppm1.36 (d, 3 H 2.66 (s, 3 H 547 - 559 (m 1 H 7.35- 7.57 (m 6 H
7.61 - 7.72 (m 1 H 7. 95 (s 1 H 8.20 (dd J=9.39, 5.28 Hz, 1 H. Mass
Spect r um ( ESI Exarrpl

2-(1-((6-Am 1@%\97%@6 yrlmdl nyl)a go)ethyl) 6- quoro N, N- di et hyl -

3- phenyl - 4- qui nol i necar boxam de 1H NVR g400 Hz, CDBOD? E’Pm 1.42 (3 H d)
2.67 (3 H sB.19.(38 U382 (49, /5938, §.24 He, @)8359&87%3 fm) 1 A).2Mags Spadfruad,
J919 254 039 7.57 (1 H td, J=8.80, 254Hz)776(1H,
s) 8.12 (1 Iﬁgléé& J:LB&?B/H és%8 Hz). Mass Spectrum (ESI) me = 456 (M+ 1).
Exanpl e 68: Example64

2-(1-((6 Am

2 henut - Ao oA BN SR st ARl B s fugso- S "Eﬁl’rﬁ WS o)

2.50 (3 K s)phanﬂ&uﬁﬁhhimsaarﬁomnmel H g, 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 ( 1 H rr)758(1Hrr)
7.88 (1 H s) 811(1H dd, J=9.39, 5 28 Hz). Mass ggtrum(ESI) me =

456 (M + 1).A-1478 WO-PCT - 152 - BE%@,mpl e 69: NZ
2-((1S)-1 -((6 ANPaS- 5- cyano 4-pyrimd 'no)ethyIL)Qf\l m_'uoro-N, Ndi et hyl
- 3-phenyl - 2 steps N
SO S
=
g N\ O F
J N\

To a solution of 2-(1-(tert-butoxycarbonylamino)ethyl)-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 mixture 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% EtOAc/Hexanes to obtain tert-butyl 1-(6-fluoro-4-(isopropylcarbamoyl)-3-
phenylquinolin-2-yl)ethylcarbamate. Mass Spectrum (ESI) m/e =452 (M + 1).
15  To apure of tert-butyl 1-(6-fluoro-4-(isopropylcarbamoyl)-3-phenylquinolin-2-
yl)ethylcarbamate (95 mg, 0.210 mmol) was added 4N HCI/1,4-dioxane (0.5 mL,
2.000 mmol) 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-isopropyl-3-phenyl-
quinoline-4-carboxamide used without further purification. Mass Spectrum (ESI)
20 m/e=352 (M + 1). To a solution of 2-(1-aminoethyl)-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-fluoro-N-isopropyl-3-phenylquinoline-4-
carboxamide as white solid. 'H-NMR (400 Hz, CD:0D) & ppm 0.80 (br. s., 3 H)



1H NVR (400 Hz, CD3OD) d ppm1.29 (3 H, d) 2.63 (3 H s) 2.86 (3 H s) 5.64
(1H q, J=6.72 Hz) 7.38 ( 1 H dd, J=9.29, 2.64 Hz) 7.46 ( 1 H m 7.55
(3 H m woemo1s174, m 7.70 ( 1 H m 8.02 ( 1 H n) 8rea/uS2dioi399dn,
J=9.19, 5.28 Hz). Mass Spectrum (ESI) me = 456 (M + 1). Exanple 70:
2-((IS)-I-((6 Am no- 5- cyano- 4- pyri m di nyl ) am no) et hyl ) - 6-f | uor o- N, Ndi net hyl
- 3-phenyl - r boxam de 1H NVMR (400 Hz, CD30CD) d ppm 1.50 (3 H,

d) 265(3H iﬂ%wé}?@i‘ H s) 5.46 ( ﬁﬁl ,J665Hz) 7.26 (1 H, dd,
J=9.19, 2.74 Hz 735(5Hrr)758(1th J=8. 80, 74Hz)791(1H,
s) 8.12 ( 1 M95dd, /=@ He,3 B) 3§4Kd)/~oMaddz, S8} PY (uiESHp Sifkez. 2 HB6 (M +

1). A-1478 WO<R 5 I
4- Am no- 6- ((I5 S?gqf{ﬁofonéEf(ﬁgﬁﬁg- é%(%(nb?rl?l)hs%l %y7l3 ar El)o y7l())3(f %quiII)nO| i nyl)-
et hyl ) am no) 8514)py824rr(mi,| ]nH;:aMlamx‘Spelctrhm (ESDHNIVR < 4TI0(MHz, 1)CD30D) d ppm 0. 92 (4
H m 1.26 ( %%57(3H 1.69 (2 H m 3.02 ( 1 H m 3.58 ( 1H,
d)549(1"aa1 72 Hz) 5.69 ( 1 H q, J=6.72 Hz) 7.46 (9 H m 7.67
(2 H m 3. 8?8)(—2-1-1 X6- Aﬂim&@@ya(noibyﬂmﬂlh éﬁyﬁi&nﬁo)'htli'yl) NdethyF&-fi8ro-3- 28 Hz) .
Mass Spectrum (ESI) nme = 482 (M+ 1). Exanple 72
4- Am no- 6- ((PII‘E'(’XSI‘IPE'\?BF‘6'4$";§HW131& (I - pi perazi nyI car bonyl ) - 2-qui nol i nyl ) -
et hyl ) am no) - 5- pyri m di necarbonitrile 1H NVR (400 Hz, @SCD) d ppm1.28 (3
H,d)2.50(1H,s)271(1HdJ1624Hz)294 1ldh d, J=7.04 Hz)
315(1Hrr)368(1HdJ72NAH)385 1 HN )|579(1Hd
J=6. 65 Hz) 751N("E°<H m 7.61 (3 H,: %12771(2H n')
23teps
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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 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  EtOAc/hexane to obtain (S)-tert-butyl 1-(4-(ethylcarbamoyl)-6-fluoro-3-phenyl-
quinolin-2-yl)ethylcarbamate. Mass Spectrum (ESI) m/e =438 (M + 1). To a
pure residue of (S)-tert-butyl 1-(4-(ethylcarbamoyl)-6-fluoro-3-phenylquinolin-2-
yl)ethylcarbamate (120 mg, 0.274 mmol) was added 4N HCl/1,4-dioxane (1 mL,
0.274 mmol). The resulting mixture was stirred at rt for 1h. The solvent was

20  removed in vacuo and the crude (S)-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-aminoethyl)-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

5% MeOH/DCM to obtain (S)-2-(1-(6-amino-5-cyanopyrimidin-4-ylamino)-



(1 H s) 826 ( 1H dd, J=9.19, 5.28 Hz). Mass Spectrum (ESI) me = 497
(M +A- 1478 WO PCT - 154 - Exanple 73:

4- Am no- owWQ((2010851140 ( 6- f | uor o- 3- phenyl - 4- (| - pi per azi nyl cacharsgép029942

qui nol i nyl ) et hyl )am no) - 5- pyri m di necarbonitrile 1H NVR (400 Hz, CD3CD) d
ppm 1.30 (3 H, d) 2.52 ( lH n') 272 (1 H m 2.97 ( 1 H m 3.17 ( 1 H,
m 3.28 ( 1 H, 3.89 (J H ddd, ./=14.48, 7.53, 3.42 Hz)
5.82 ( 1 H, q“ir‘lq%‘%’é%f’ﬁgr) 7. 52 (3 H M!%%-62 (2 H r‘r) 7.71 (2 H, n) 8.26 (2
H m. Mss SpectruqJD’ﬁESI me = 497 (M + 1) e 74: '
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qut ol LMD RO)c e S MIGACEIIEN L4 LAy RS0, i 50D o

5.81 ( 1 H m), 75511 (RqH=6.65 Hd)9.43 (FF), n7), 864 (2 HHtd, J58.805).9F HB5-7TR576 (3 H |

M 23t Bl o s ATRdnf e oY3R SRASLTum (581 e

4- Am no- 65((Ispé&nfrﬂ1 S 19 nfle £456WKPho).i nyl car bonyI ) 3 phenyl 2- qU| nol i nyl) -
et hyl )am no) - 5- pyri m di necarbonitrile 1H N % pm1.66 (4
H d) 3.03 - Aétezgaf@zgepsraﬁfr@eﬂgre F gorghe p@pﬁaﬂﬁy §2*$£*(6 a@ﬂ@s @am m 5.54 (
1 H q J=6. 1&1%3& 62 (4 H m
768 ('1H ?gdﬁ%ng Séz%m(né%ﬁ%b gq%o}ﬂg phgn%au BUREN-chrsd amld%s 1H s) 823
( 1 H dd, J=9N#9, 5.28 Hz). Mass Specmu SI) rrle H498 (M + 1)- Exanple
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To a solution of 2-(1-(6-amino-5-cyanopyrimidin-4-ylamino)ethyl)-6-fluoro-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 rt for 1 h. The crude 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-Amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6-fluoro-N-methyl-3-

phenyl-4-quinolinecarboxamide

N/
k\N




4- Am no-6-((-1-(6-fluoro-4-(4-norpholinyl carbonyl)-3-phenyl -2-qui nolinyl)
et hyl ) am no) - 5- pyri m di necarbonitrile 1H NVR (400 Hz, CD30D) d ppm 1.28 (2
H d) 2. 9R0Qom/15174d, J=5.67 Hz) 2.95 - 3.1 1 (2 H m 3PCA/6S2@0839921 H, m
3.35 - 3.42 (1 H m 3.46 - 3.56 ( 1 H, rr) 3.56 - 3.76 (2 H m 576 (1
H q, J678Hz) 7.42 ( 1 H dd, J=9.19, 2.74 Hz) 7.50 - 7.64 (4 H m 7.68
( 1 H ddd, 8 274Hz)77 1H s) 814 ( 1H s) 823 (1
H, dd, J=9. 19* ?%71% 9412& MBS S Spectrum1(5&5|) me = 409 (M+ 1). Mass
Spectrum(ESI) me = 498 (M+ 1).A-1478 WO PCT - 156 - Exanple 77:

4- Ami no- 6- ((I'HOSMR (d@ﬁﬁmcqsomﬁ-@nhydﬁ()dg;&ﬂl)Zlﬁﬁ(@BlHﬂ) ﬁ??)&éBlﬁmni'H) 3-

phenyl - 2- qU| )=5- pyr ne e 00

CD3CD) d ppm ?554% Jédé 2?‘@723(“%1 ";)mégéf ;a@%w({d T%}%%éé 16 (m
1H) 3.16 - 3H 8Mé§bS§edﬂ)un3Eﬁ)m/@f8fZ2 m+1f) 551 - 564 (m 1 H 7.33 -
751(m4H)E764- 78% 2 H) 8. 0-805(m1H)808(s 1H) 8.24
(ddd, J=9. 10Ex8myde 6% 23 1z, 1 H). Mass Spectrum (ESI) nfe = 498 (M + 1).
Exanmple 7 : } N N- .

4- Ami no- 6§ (TS o e 5y R ey Dy P M e Ry Ty Car Byl ) - 3-
phenyl - 2- qui r?ra)hemyl yelumolymmmyamlcpyru m di necarbonitrile 1H NVR (400 Hz,
CD3OD) d ppm 1.27 (d, 2°H) 1.65 ( =6.65 Hz, 3 H 2.96 - 3.13 (m 1 H
3.13 - 3.32 (m 2 H 3.43 - 3.56 3.56 - 3.77 (m 1 H) 5.48 5.60 (m
O H 5.76 (q, J=6.85 Hz, 0 H) 7. 7.62 (m 4 H 7.62 - 7.72 (m J=9. 19,
8.27, 2.91, 2.91 Hz, 1 H 7.77 (g H 7.96 (s, 1H) 8.14 (s, 1H) 8.19 -
8.29 (m 1 H). Mass Spectrum (ESIN mM¥i= 498 (M + 1).A-1478 WO PCT - 157 -
Exanpl e 79:

'H-NMR (400 Hz, CD;0D) § ppm 1.42 (3 H, d) 2.67 (3 H, s) 2.78 (3 H, 5) 5.35 (1
H, q,/=6.78 Hz) 7.24 (1 H, dd, J=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, s) 8.12 (1 H, dd, /=9.10, 5.38 Hz). Mass Spectrum
(ESI) m/e =456 (M + 1).
Example 68:
2-(1-((6-Amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6-fluoro-N,N-dimethyl-

3-phenyl-4-quinolinecarboxamide

15
'H-NMR (400 Hz, CD;0D) § ppm 1.16 (3 H, d) 2.50 (3 H, s) 2.74 (3 H, 5) 5.51 (1
H, q, /=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, s) 8.11 (1 H, dd, /=9.39, 5.28 Hz). Mass
Spectrum (ESI) m/e =456 (M + 1).



4- Am no-6- ((I-(6-fluoro-4-(((3S)-3-hydroxy-I|-pyrrolidinyl)carbonyl) - 3-
phenyl - 2- qui nol i nyl ) et hyl ) am no) - 5- pyri m di necarbonitrile (rotomer of
Exanpl e WP 20t/18WR0( 400 Hz, CD30D) d ppm 1.30 (d, 3 H PC3AIS2018/03B4tm 2 H)
3.21 (td, J=7.48, 3.62 Hz, 1 H 3.52 (d, J=5.87 Hz, 1 H 3.58 - 3.73 (m 2
H 5.77 (q, J=6.78 Hz, 1H) 7.44 (dd, J=9.19, 2.54 Hz, 1 H) 7.49 - 7.65 (m

5 H 7.70 (t 74 Hz, 1 H 8. 1 H 8 24 (dd, J=9.29, 5.18
Hz,H)l H) . l(vags %%%’7@18%%( ESI) me |:|)4981]5?M ¥ 1), H)Exarrpl e(80
(4-

4- Am no-6- ((I - | - di oxi do-4-t hi onor phol i nyl ) carbonyl) - 6-fl uoro- 3-
phenyl - 2- qui Kak ¢§%‘t hyl ) ami no) - 5- pyri m di necarbonitrile 1H NVR (400 Hz,

CD30D) d pp 'k 187(1H
m 2.00 (4 H nb](ﬁfsgsﬁ ﬁ?%mﬁ‘ﬂkﬁ °r§?‘§‘§4%}?&fﬁﬁ(lkﬁilﬁﬂ)e&ylg@‘@" :%Zf% 39 (1 H,
s) 7.51 ( 1 Mimelthyl-3phefsil-4-huinolinzyarbosamidel H, d, J=7.63 Hz) 7.75 ( 1 H,
7.84 ( 1 H s) 7.91 (1 H s) 800 ( 1 H d J=8.41 Hz) 8.24 ( 1 H, s)
8.32 ( 1 H mnm. Mss Spectrum (ESIlj)?me = 546 (M + 1).A- 1478 WO PCT - 158 -
Exanpl e 81: NZ CN
4- Ami no-6- (((1'S)-1-(4-((l,!-dioxidoi4-t hi onor phol i nyl)carbonyl ) -6-fl uoro- 3-
phenyl - 2- qui nol i nyl ) et hyl ) am no) - B- py¥Hi mi di necarbonitrile 1H NVR (400 MHz,
DVMBO-J 6) d ppm1.32 (3 H, d, J=6.65H 34 (1 H t, J=I. 86 Hz) 2.68 (
1 H d J=I. 76 Hz) 3.44 ( 1 H, s) 3.6|(3 s) 539 ( 1 H t, J=6.85 Hz)
7.26 ( 1 H br. s.) 7.36 ( 1 H m : 760(1Hdd J=9. 59,
2.74 Hz) 7.82 ( 1 H m 7.
Mass Spectrum (ESI) me =

5 'H-NMR (400 Hz, CD;0D) § ppm 1.29 (3 H, d) 2.63 (3 H, 5) 2.86 (3 H, 5) 5.64 (1
H, q,/=6.72 Hz) 7.38 (1 H, dd, J=9.29, 2.64 Hz) 7.46 (1 H, m) 7.55 (3 H, m) 7.62
(1 H,m)7.70 (1 H, m) 8.02 (1 H, m) 8.24 (1 H, dd, J=9.19, 5.28 Hz). Mass
Spectrum (ESI) m/e =456 (M + 1).
Example 70:
10  2-((1S)-1-((6-Amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6-fluoro-N,N-

dimethyl-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, /=6.65 Hz) 7.26 (1 H, dd, /=9.19, 2.74 Hz) 7.35 (5 H, m) 7.58 (1 H, td,

15 J=8.80,2.74 Hz) 7.91 (1 H, s) 8.12 (1 H, dd, J=9.29, 5.38 Hz). Mass Spectrum
(ESI) m/e =456 (M + 1).



Exanpl e 82:

4- Am no-6-(((1S)-1-(4-((!l,!-dioxido-4-thionorpholinyl)carbonyl)-6-fluoro-3-
phenyl - 2-woi2znw/ismb) et hyl ) ami no) - 5- pyri m di necar boni t ri PET(USet 1008994 Df
Exanpl e 81) 1H NMR (400 Hz, CD3OD) d ppm 1.55 (3 H, d, J=6.65 Hz) 3.38 (4
H m 4.89 (4H m 570 ( 1 H q, J=6.65Hz) 6.48 ( 1 H m 7.52 (2 H m
7.71 (7 H m ddd, J=9.29, 83 1, 2.74 Hz) 8.05 ( 1 H nm 8.12
(1H s) 8. é*vY‘E%l“&’f’GE J=9.39, 5.28 ). Mass Spectrum (ESI) me = 546
(M+ 1). A 1478 WO PCT - 159 - Exanple 83:

4- Ami no- 6- ((Exagpl¢ dibr o- 4- ((3- hydr oxy- | -azeti di nyl ) car bonyl ) - 3- phenyl -

qui nol i nyl ) et;h C CDSCD) d
ppm 1.32 (3 hX@ﬂ@E@) gﬁsﬂ'?é{'r"lg]pﬂ«z'?’ﬁ A3 8’%“5"” %cégb@‘[ﬁ é%}&ﬂm:?-yls) 92 (2 H,
m 4.1 1 ( 1ethyDamidoBS-pyrimidinecdrbonii®ilé 1 H, 5.61 ( 1 H dd, J=6.75,

3.03Hz)575(1H,q,J665Hz)N?54(9Hn)772(2Hn)805(1H,
d, J=4.89 Hz) 821 ( 1 H m 825(_| M. Mass Spectrum (ESI) nfe = 484
(M+ 1). Exanpl e 84: NZ
4- Ami no-6-(((1S)-1-(6-fluoro-4- (kB-

droxy-| -azetidi nyl)carbonyl) - 3-phenyl -
2- qui nol i nyl ) et hyl ) am no) - 5- pyri m ddar bonitrile 1H NVR (400 Hz, CD30D) d
ppm 1.26 (3 H, d, J=6.65 Hz) 1.54 (2 did, 4=7.63, 6.65 Hz) 3.52 (3 H m
3.7 (1 H m 3.91 (3 H m 4.07 (OH =10.03, 6.70, 1.08 Hz) 4.19 (
1 H m 4.39 (1 H m 4.57 ( 1 H "R : H m 567 ( 1H qd,

7.

l.

39 1 4
J=6.65, 2.54 Hz) 53 ( 11H m 7. ' 7.88 ( 1 H d, J=5.28 Hz)
J 9~ Spectrum (ESI) me = 484 (M

8.02 ( 1 H d, 37 Hz) 8.23 (2
5 'H-NMR (400 Hz, CD;0D) § ppm 0.92 (4 H, m) 1.26 (2 H, m) 1.57 (3 H, m) 1.69
(2H,m)3.02(1 H,m)3.58 (1 H,d)5.49 (1 H, q,/=6.72 Hz) 5.69 (1 H, q, J=6.72
Hz) 7.46 (9 H,m) 7.67 (2H, m) 7.87 (1 H, m) 8.03 (1 H, s) 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-((-1-(6-fluoro-3-phenyl-4-(1-piperazinylcarbonyl)-2-quinolinyl)-
ethyl)amino)-5-pyrimidinecarbonitrile
NH
2 //N
N ’d
N
N H
N
JC
X
O

'H-NMR (400 Hz, CDsOD) & ppm 1.28 (3 H, d) 2.50 (1 H, s) 2.71 (1 H, d,
J=16.24Hz)2.94 (1 H, d, J/=7.04 Hz) 3.15 (1 H, m) 3.68 (1 H, d, /=7.24 Hz) 3.85

15 (1H,s)5.79(1 H,d, /=6.65Hz)7.51 (2H, m)7.61 (3 H,m) 7.71 (2 H, m) 8.15
(1 H,s)8.26 (1 H,dd,J=9.19, 5.28 Hz). Mass Spectrum (ESI) m/e =497 (M +
1).

L_NH



+ 1).A- 1478 WO-PCT - 160 - Exanpl e 85:

4- Am no-6- ((1-(6-fluoro-4-((3-nmethoxy-I|-azetidinyl)carbonyl)-3-phenyl -

qgui nol i nyWpedtwis)am no) - 5- pyri m di necarbonitril e 1H NVRPCZAG2042/03GD8CD) d
ppm1.32 (3 H d, J=6.65 Hz) 1.63 (3 H, d, J=6.65 Hz) 3.15 (3 H, s) 3.50 (
1H m 3.87 (OH m 404(0H m 435(0H n) 5.61 (0O H s) 5.75 (0 H,

s) 7.53 (5 H, 4 8. 03 , J=2.54 Hz) 8.18 ( 1 H, d,
J=I. 37 Hz) @%7 W%)ﬂ&Tr’r) l\/ass Spect” r%ﬁ](ESI) me = 498 (M+ 1). Exanple
86: 2-(I|-((6-Am no-5-cyano-4-pyrimdinyl)amnno)ethyl)-6-fluoro-N-(2-(4-
mor phol i nyl ) &xapiple Z:phenyl - 4- qui nol i necar boxam de 1H NMR (400 Hz, CD3OD) d

ppm 1.44 (3 b, ] = ) 338(2Hrr)
3.56 (2 H, ﬁg'i'ﬂ'&oj g((?-?) W&@g@eﬁ@ Hylwl %e@%ﬁﬁw% 1};)%@2% 7.57
(5H m 7. 711u(n0]1n|y|l)eﬂlyl)aﬂnﬂo)%pyﬂnﬁdmlem)rb%nﬁﬁle( 1H s) 8.24 ( 1 H dd,
J=9.29, 5.38 Hz). Mass Spectrum(llingl) me = 541 (M+ 1).A- 1478 WO PCT - 161
- Exanple 87A 2 _N

2- (1 -(6-Am no-5-cyanopyri m di n-4y “ho) et hyl ) - 6- f | uor o- N- et hyl -
(pyridin-2-yl)quinoline-4-carboxigm gle To a sol ution of methyl

2- (1 -(6-am no-5-cyanopyri m di n-4- )Nan&lhho)ethyl) 6-
fluoro-3-(pyridin-2-yl)quinoline-4-cg4 I (2 g, 4.51 mol) in 20 nilL
pyridi ne was added Lil (1.81 g, 13.53 he resulting m xture was
heated to 100 OC overni ght. Sol ve W frewedrand the crude residue was
subject to combiflash using up to VeQ DCIVIto obtain

2-(1-(6-am no- 5- cyanopyri m di n- o)

4-yl am no) et hyl )-6-fl uoro-3-(pyridin-2-yl )&]QI)NDJ i ne-4-carboxylic acid

5 'H-NMR (400 Hz, CD;0D) § ppm 1.30 (3 H, d) 2.52 (1 H, m) 2.72 (1 H, m) 2.97
(1H,m)3.17 (1 H, m) 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,/=6.85Hz) 7.52 (3H, m) 7.62 (2H, m) 7.71 (2 H, m) 8.26
(2 H, m). Mass Spectrum (ESI) m/e =497 (M + 1).
Example 74:
10  4-Amino-6-((1-(6-fluoro-4-((4-methyl-1-piperazinyl)carbonyl)-3-phenyl-2-

quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile

'H-NMR (400 Hz, CDs0D) & ppm 1.27 (3 H, d, J=6.7Hz) 2.76 - 2.90 (4 H, m)
4.87-492(4H,m)5.71-5.81 (1 H,m)7.51 (2H,d, J=9.2 Hz) 7.60 (2 H,, br.

15  §)7.65-7.76 3H,m)8.13 (1 H, s) 8.25 (1 H, dd, J=9.3, 5.4 Hz). Mass Spectrum
(ESD m/e =511 (M + 1).



as a brown solid. The pure material was purified by chiral HPLC

(I sopropanol/ Hexane gradient, AD columm) to obtain

(S)-2- (| -Wwo-2amv130m8- cyanopyri m di n- 4- PCT/US2010/039942

yl am no) et hyl ) - 6-fl uoro-3-(pyridi n-2-yl)quinoline-4-carboxylic acid. Mass
Spectrum (ESI) me = 430 (M+ 1). To a solution of

(S)-2-(1-(6-am no-5-c opyri m di n-

4-yl am no) et %Fﬁ%&lﬁég&o 3-(pyridin- 2-]§5I5)'qui nol i ne-4- carboxylic acid (100
ng, 0.233 mol) was added net hanam ne (14.47 ng, 0.466 mmol), N-ethyl-

N-i sopropyl pEsgmple7&ni ne (60.2 ng, 0.466 mol) and PyBop (267 ng, 0.512

mmol ). The rgsul t1ng pd xt WaS, St gr i o 10 vent was
renoved and §|‘§J§t6+({1/gé{]i: @E{l%&\(lz\@@f ﬁd\x/@é%@ﬁ%@)wy% %e?ngﬁz q-ogl?'?or@?}l nd dried
over sodi um sthylandno) {pgrimidineeatboaitrilae or gani ¢ phase in vacuo, the crude
resi due was subjected to HPLC puriNy cation and preparatory TLC purification
usi ng 2% MeOH DCM wit h satd ammonija?t g naf f ord

(S)-2-(1-(6-am no-5-cyanopyri m giag<"
yl am no) et hyl ) - 6-f | uor o- N- net hyl I-\\3- yridi n-2-yl)qui noline-4-carboxam de.
1HNMR (400 Hz, CD3COD) d ppm 1.43 HHd) 2.70 (3 H s) 5.60 ( 1 H q,
J=6.65 Hz) 7.52 (2 H nm 7.64 ( 1 H,_& 82, 1.17 Hz) 7.71 ( 1 H, dd,
J=2.84, 1.08 Hz) 7.96 (2 H m 8.24 ( J=9.29, 5.38 Hz) 8.73 ( 1 H,
m. Mass Spectrum (ESI) nle = 443 M1 g Wo-PCT - 162 - Exanple
87B:
(S)-2-(l-(6-Am no-5-cyanopyri m di n-4 Hm@o) et hyl ) - 6-f 1 uor o- N- net hyl - 3-
(pyridi n-2-yl)quinoline-4-carboxam de tert-Butyl

| - (et hoxy( net hyl ) am no) - | - oxopr opan-®=%I| carbamate (50.0 g, 215 mmol) in

W th i sopf opyl HMReaPTzchPsPPa et b Bod) S05T 3 5. 68 aby 4 £ a o) ear
sol ution was (9bt aynesk (PesaMm, ) 634 (R, 20-0S ARSI [ Ky, 89319, @t 240 0C) ,
Hz) 7.44 -7.62 (4 H, m) 7.68 (1 H, ddd, /=9.29, 8.31, 2.74 Hz) 7.81 (1 H, s) 7.97
(1 H,s)8.23 (1 H,dd,J=9.19, 5.28 Hz). Mass Spectrum (ESI) m/e =498 (M +
1).
10 Example 76:

4-Amino-6-((-1-(6-fluoro-4-(4-morpholinylcarbonyl)-3-phenyl-2-quinolinyl)-

ethyl)amino)-5-pyrimidinecarbonitrile

'H-NMR (400 Hz, CD;OD) & ppm 1.28 (2 H, d) 2.92 (1 H, d, J=5.67 Hz) 2.95 -

15 3.11(2H,m)3.14-3.27 (1 H,m) 3.35-3.42 (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, J=9.19, 2.74 Hz) 7.50 - 7.64
(4 H, m) 7.68 (1 H, ddd, J=9.19, 8.22,2.74 Hz) 7.78 (1 H, s) 8.14 (1 H, s) 8.23 (1
H, dd, /=9.19, 5.28 Hz). Mass Spectrum (ESI) m/e =409 (M + 1). Mass
Spectrum (ESI) m/e = 498 (M + 1).



brono( pyri di n-2-yl net hyl ) magnesi um sol uti on (see bel ow for preparation) was
added drop w se using cannula before warmng to rt overnight. The reaction
m xture WO 2querschied with NHACH sol ution and extracted WRCTIUSEN@AB99%500
nm.x2). The conbi ned organic | ayers were washed with water, brine, dried
over sodium sul fate, and concentrated under high vacuumto give

(S)-tert- butyl % -(pyridi n-2-y|)ggtan-2-yl carbamate as a tan oil.
(Smal | scal ey 7(,8[ s purified by~ fB6i f 1 ash (Et OAc/ hexane, up to 1/3)
to give ared oil. Mass Spectrum (ESI) me = 265 (M + 1).

Br ono( pyri di xamplegt:hyl ) nagnesi um To a solution of picoline (31.9 nL, 1.5

eq) in THF (30 s op W se at -40
0C under ni t%o‘glélrli?n) ?\IQ@ eacfi% (:%&Rf %dpﬂmg aP&ergﬁ@c%g%om%)oj) 20 0C and
stirred for Pphenyl-qamadlinpBethghanao){Sepyritidifeantiomigleesi um br om de (59. 4
g, 1.5 eq) was added in three porgtjions. The reaction mxture was allowed to
warmto rt, stirred for 30 nmin. tp Pronide

brono( pyri di n-2-yl net hyl ) magnesj (25 05 g, 2.0 eq),

5-f 1 uor oi sati nA-1478 WO-PCT - 143 | (36.9 g, 1.0 eq) in EtOH (100 nil) and
water (350 niL) were stirred at riW” f&H 0.5 h before the addition of
(S)-tert-butyl 3-oxo0-4-phenyl butan- H ate (59.00 g, 223 mmol ). The
reaction m xture was heated to 85 0C o

reaction m xture was coned to re e extracted with ether (100
m.x2). The filtrate was cool ed at C anhd aC|dified with coned HO . (50
m.). The dark honobgenous solution b NTNgy yel | ow suspension after
adjusting to pH 4. The resulted yellow soll vvas filtered and dried in the

air. Apale yellow solid was obtained. To the filtrate was added sodi um

sul fate (300 GINMRNG0P Kz, @nei)@r)énwsléﬁﬂ,r-feé 6§tH2f’t3 Hot-8%- 597 6 bkBd by t he
addi tion of 3Qgms £OAL 1 HB: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 (ESI) m/e =498 (M + 1).
Example 78:
10  4-Amino-6-((-1-(6-fluoro-4-(((3S)-3-hydroxy-1-pyrrolidinyl)carbonyl)-3-
phenyl-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
NH,

N“ //N
k\N

H
N
1
X

'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) 3.43-3.56 (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 H) 7.38 - 7.62 (m, 4 H) 7.62 - 7.72 (m,
J=9.19,8.27,2.91,291 Hz, 1 H) 7.77 (s, 1 H) 7.96 (s, 1 H) 8.14 (s, 1 H) 8.19 -
8.29 (m, 1 H). Mass Spectrum (ESI) m/e =498 (M + 1).



The m xture was stirred at rt for additional 2 h. The resulted solid was
filtered, washed with cold water and dried in the air to give

2- (I - (t erwoltoosymtar bonyl am no) PCT/US2010/039942

et hyl)-6-fluoro-3-(pyridin-2-yl)quinoline-4-carboxylic acid as a pale
yel | ow solid. Overall

2-(I-(tert-but C | am no) et hyl )-6-fl uoro-3-(pyridin-
2-yl ) qui nol i %é?zﬁgcg{ggg%l ic acid was o'b]égi'ned as pale yellow solid. The

racem c 2-( 1-(tert-butoxycarbonyl am no)ethyl)-6-fluoro-3
- (pyri di n- 2- Wxpmpled9:i ne- 4- carboxylic acid was submitted for chiral HPLC

separation tq phtal B (S Aall -4 by ro | am A

et hyl)-6-fl ugr%{@?ﬂ( E)‘fll {lqﬁl-lélj-oy{ g@%@ﬁ%ﬁ%@?‘ﬂkﬁ%&’@gﬁ“& @l%lrchlog.yl)l\%ss Spectrum
(ESI) me = $henYIN-quihplinfiPethyhairo)-Srpyoiimiligéeafbenitrileytretoyuaniiony| am no)
ethyl)-6-flu O-?ﬁ]r{ yri di n- 2-yl ) qui nol i ne-4-carboxylic acid (1.3 g, 3.16
nmrol ) in DVF (18 ?)Was added net hananmine (3.16 nlL, 6.32 mvl), PyBOP (4.1
1 g, 7.90 mol) and DI EA (1.21 nLNHG. 95 mmol ). The resulting m xture was
stirred at rt overnight. The sol vg removed and diluted with Et OAc.
The organic |layer was washed with witer (3x100 nL), brine and dried over
sodium sul fate. The crude residu ngubj ected to conbiflash purification
usi ng 20-70% Et CAc/ hexane to afford ertN- but yl

| - (6-fluoro-4-(nethyl carbanoyl) - Z
3-(pyridin-2-yl)quinolin-2-yl)ethyl
(ESI) me = 425 (M+ 1). To a purg
| - (6-fluoro-4-(nethyl carbanoyl ) -
3-(pyridin-2-yl)quinolin-2-yl)ethyl car e ( 1 g, 2.36 nmol) was added 4N
HCQ /1, 4-di oxane (8 nL, 32.0 nmmol ). Tpe resulting mxture was stirred at rt
for 30 mp. The solvent was removed®and crude 2- (I -am noet hyl ) -6-fl uoro-

N- et hyl - 3- ( mrmmngaom qmo@%lsq;%nfhgawwamsg-\aa% @gﬁ,@d{)vg.zhew,t further
purification. Mss ectrum (ESI) me = 325 gM+ 1). To a solution of

2- (1 A- 1478 WOIFP4F, 3.65614, 1 Hagisdddt /. §7 18z 1| dps S8 NSt (y12-18) 5.77 (q,

- (pyridin-2-yl ) gyiol ifjer fr G RXAM%8 dD 10Y7 49 - 7.65 (m, 5 H) 7.70 (td,
J=8.71,2.74 Hz, 1 H) 8.19 (s, 1 H) 8.24 (dd, /=9.29, 5.18 Hz, 1 H). Mass
10  Spectrum (ESI) m/e =498 (M + 1).
Example 80:
4-Amino-6-((1-(4-((1,1-dioxido-4-thiomorpholinyl)carbonyl)-6-fluoro-3-

IS white foam Mass Spectrum
tért-butyl

phenyl-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile

15  'H-NMR (400 Hz, CD:0D) & ppm 1.39 (3 H, d, J=6.65 Hz) 1.66 (0 H, d, /=7.24
Hz) 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, J=7.24,1.17 Hz) 7.64 (1 H, d, J=7.63 Hz) 7.75 (1 H, m) 7.84
(1H,s)791(1H,s)8.00(1H,d,J=841Hz)8.24 (1 H, s)8.32 (1 H, m). Mass
Spectrum (ESI) m/e = 546 (M + 1).



(15 niL) was added 4-am no-6-chl oropyri m di ne-5-carbonitrile (0.364 g,
2.356 mol) and DIEA ( 1.23 1 niL, 7.07 nmol). The resulting m xture was
heat ed t owB200a5imw 2 h. The sol vent was partially renopet/USENQA3IMES added
and the m xture washed with water (3xl00nL), brine and dried over sodium
sul fate. The solvent was renoved in vacuo and purified by conbiflash using

30% (10:1 Me - to afford
2-(1 - (6-ani n%“%lﬁwm di n- 4-yl amrofeét hyl ) - 6-

fl uor o- N- et %I@ 3-(g¥'ri di n- 2-yl) qui nol i ne-4- carboxam de. After chiral HPLC

separation ( pdeskol / Hexane gradient, AD columm) (S)-2-(l-(6-am no-5-

cyanopyri m dijng 4:v| ap ne) et )18, Of O - e A

“(pyri din-2-y ‘}é‘b‘?‘%@ﬂ@ ZE@QFIog‘é’fé‘mbdﬁe?ﬁm}a%%‘{%f%“@ﬁr@%%? {luggo-3

(S)-2- (I - (6- piemgd-25quinaliophethyi)ainino)-Sypyprimidihetarhonittileet hyl - 6- f | uor o- 3-

(pyridin-2-yl)quinoline-4-carboxipjdam de 2 steps To a sol ution of

(S)-2-(l-(tert-butoxycarbonyl am ng) et hyl)-6-fluoro-3-(pyridin-2-

yl ) qui nol i ne-4-carboxylic acid 0.340 mmol ) in DMF ( 1 nlL) was

added PyBOP (390 ng, 0.749 rmol )l OLEA (0.1 19 nL, 0.681 mol) and

et hanam ne (0.340 nmL, 0.681 mml )N Th¥dresulting m xture was stirred at rt

for 2 h. Et OAc was added. The organi cASON was washed with water, brine
QF

and dried over sodiumsul fate. The sol renmoved i n vacuo. The crude
residue was purified via conbifla TRg”508% £ OAc/ hexane to obtain
(S)-tert-butyl I-(4- (ethyl carbang || uoro-3
-(pyridin-2-yl)quinolin-2-yl)ethyl C&rba re/}q light yellow oil. Mass
Spectrum (ESI) me = 439 (M+ 1). To the | kghis=pell ow oil (S)- tert-butyl

| - (4- (et hyl car banoyl ) - 6-f | uor o- 3- (pyri di n- 2-yI{qui nol i n-2-yl ) et hyl car bamat e

5 'H-NMR (400 MHz, DMSO-ds) & ppm 1.32 (3 H, d, J=6.65 Hz) 2.34 (1 H, t,
J=1.86 Hz) 2.68 (1 H, d, J/=1.76 Hz) 3.44 (1 H, s) 3.61 (3 H, s) 5.39 (1 H, t,
J=6.85Hz) 7.26 (1 H, br. s.) 7.36 (1 H, m) 7.49 (3 H, m) 7.60 (1 H, dd, J=9.59,
2.74Hz)7.82 (1 H,m) 7.93 (1 H, s) 8.18 (1 H, dd, /=9.19, 5.48 Hz). Mass
Spectrum (ESI) m/e = 546 (M + 1).

10 Example 82:
4-Amino-6-(((1S)-1-(4-((1,1-dioxido-4-thiomorpholinyl)carbonyl)-6-fluoro-3-

phenyl-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile (rotomer of

Example 81)
NH,
NP N
|

.
>

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
H, m) 5.70 (1 H, q,/=6.65 Hz) 6.48 (1 H, m) 7.52 (2 H, m) 7.71 (7 H, m) 7.84 (1
H, ddd, /=9.29, 8.31, 2.74 Hz) 8.05 (1 H, m) 8.12 (1 H, s) 8.37 (1 H, dd, /=9.39,
5.28 Hz). Mass Spectrum (ESI) m/e = 546 (M + 1).



(125 nmg, 0.285 mmol) was added 4N HC /1, 4-dioxane ( 1 nL, 32.9 mmol) and
the resulting mxture stirred at rt for Ih. Solvent was renoved andA-1478
WO PCT - WO2010/151740 PCT/US2010/039942
(S)-2-(l-am noethyl)-N-ethyl-6-fluoro-3-(pyridin-2-yl)quinoline-4-carboxam
de was used wi thout further purification. Mass Spectrum (ESI) me = 339 (M
+1). To a

(S)-2-(l-am ﬁoé/tlmmo REL hyl - 6-f | uor o- Slsgpyrl di n- 2-yl) qui nol i ne- 4- car boxami
de in DM ( 1 rnL) was added DI EA (0.199 rnL, 1.140 mmol) and 4-am no- 6-
chl or opyri mi Jixnmme%r bonitrile (44 1 ng, O. 285 mmol ). The resul ting

m xt ure was v n vacuo and
t he crude relszll‘gltn 6{? \?lr%f a prepy-arra gfr?{l/l %Pﬁlﬁﬁg%@){‘ﬁ}g DCM t o
obtain (S)- 2qu(lik)lm§rl)aﬂiyl)anﬁno) -S-pyrimidinecarbonitrile

-cyanopyri m di n-4-yl am no) et hyl ) - et hyl - 6-fl uoro-3 - (pyridin-2-

yl ) qui nol i ne- 4- car boxam de. 1H N (249 Hz, CD30OD) d ppm0.87 (t, 3 H 1.43
(d, J=6.65 Hz, 3 H 3.16 - 3.27 ¥ /H)559(q,J665Hz 1 H 7.48 -
7.59 (m 2 H 7.63-7.77 (m 2) ¥.92 - 803 (m 2 H 8.23 (dd, J=9.29,
5.38 Hz, 1H) 8.74 (ddd, J=5.04, 1| 1 H. Mass Spectrum (ESI)

n e 457(M+ 1). Exanpl e 89:
(S) - 2 (1-(6-Am no-5-cyanopyri m di n-4-yl am| thyl)-6-fluoro-N-(2-
hydroxyet hyl ) - 3- (pyri di n-2-yl) qui nefype¢-carboxan de To a sol ution of
(S)-2-(l-(tert-butoxycarbonyl am -@ -6-fluoro-3-(pyridin-2-

yl ) qui nol i ne- 4-carboxylic acid (100°1ng,00.'® nmmol) in DMF (1 nL) was
added PyBOP (278 ng, 0.535 mmol), DI EA (O. , 0.729 mmol ) and

2- am noet hanol (29.7 ng, 0.486 mol). The resulting m xture was stirred at
rt for 2 f. THeNS® M60HAED;0BNG\th aGQI(EHQéMt .M%Saddéd—lz)'[f@ @rganj c
solution was washed with water, brine a over_sodj um suléate

Sol vent was PeWdvét M Y468 %HM lddll it ”gcf‘ W (311 Iéo%ﬁfspééllil Hb)lsn@l %lve OH DCM

to obtain (Shyt.erd798t08lHz) 5.75 (1 H, q, J=6.65 Hz) 7.54 (9 H, m) 7.72 (2 H, m) 8.05 (1
H, d, /~=4.89 Hz) 821 (1 H, m) 8.25 (1 H, m). Mass Spectrum (ESI) m/e = 484
M +1).
10 Example 84:
4-Amino-6-(((1S)-1-(6-fluoro-4-((3-hydroxy-1-azetidinyl)carbonyl)-3-phenyl-

2-quinolinyl)ethyl)amino)-S-pyrimidinecarbonitrile

N
Do

'H-NMR (400 Hz, CDs0D) & ppm 1.26 (3 H, d, J=6.65 Hz) 1.54 (2 H, dd,

15  J=7.63,6.65Hz) 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, J=5.28
Hz) 8.02 (1 H, d, /=1.37 Hz) 8.23 (2 H, m). Mass Spectrum (ESI) m/e =484 (M
+1).



| - (6-fluoro-4-(2-hydroxyet hyl car banoyl ) -3-(pyridi n-2-yl)quinolin-2-yl)ethyl
carbamate as a dark yellow oil. Mass Spectrum (ESI) nmfe = 455 (M+ 1). To

t he dar k wel2bovisoisb (S)-tert-butyl |-(6-fluoro-4-(2 -hy®CoR$2010/039942

et hyl carbanmoyl )-3 - (pyridin-2-yl)quinolin-2-yl)ethylcarbamate (50 ng, 0.1
10 mmol ) was added 4N HCl /I, 4-dioxane ( 1 nL, 32.9 nmmol). The resulting

m xture was stirred a t forA-1478 WO-PCT - 166 - 1 h. Sol vent was renoved
and the crudeA'%@ S%QFC m noet hyl ) - 6- f'Ill.?g::o-N-(Z -hy d roxy

et hyl)-3-(pyridin-2-yl)quino |ine-4-carboxam de was used w thout further
purificationEXWHHﬂe%ectrum(ESI) me = 355 (M+ 1). To a solution of the

crude . -
(S) - 2- (1 - ani A6 (-G Tuoro- 4P pgRG e Ry DEar oy DA-RIeNY i nol i ne-
4- car boxanm dainolin®NEthiyl)aming)-wapgriaddiadcdbeAit(ile 058 nli, 0.330 mmvol) and 4-
am no- 6- chl or opyri m di ne- 5- car bonj hri le (17.00 nmg, 0.1 10 nmol ). The
resulting mxture was heated to 95 8C_nNThe sol vent was renoved and purified
via prep aratory TLC using 5% to obtain
(S)-2-(l-(6-am no-5-cyanopyrim di\\n-|
4-yl am no) et hyl ) - 6-fl uor o- N- ( 2- hydir ox¥ret hyl ) - 3- (pyri di n-2-yl ) qui nol i ne-
4- car boxam de. 1H NMR (400 Hz, CD3CD d/p .37 (d, 3 H 3.20 - 3.26 (m 2
H 3.32 - 3.37 (m 2 H 5.52 (q, J=6.74 Hg H 7.46 (ddd, J=7.68, 4.94,
0.88 Hz, 1 H 7.54 - 7.69 (m 3 H."&RS NFTSEmM 2 H) 8.18 (dd, J=9.19,
5.28 Hz, 1H) 8.67 (d, J=4.89 Hz, . Mass Spectrum (ESI) me = 472 (M +
1). Exanpl e 90: O~ 'N
(S)-2-(l-(6-Am no-5-cyanopyri mdin-4-ylam &yl ) - N-cycl opr opyl - 6-
fluoro-3-(pyridin-2-yl)quinoline-4-carboxam de 2 steps To a sol ution of
(S) - 2- (1 -%t er H-NMROXYO &b Oy OBYyidppNet B Hodf J~6o60H3) (6 (3 Hi d-/26.65
yI)quinoIine-4-carboxﬁ/Iic acid (1Q0 ,..0.243 1) .in D(l\/F( 1 nlL) was
added Hz) 3.15(3 H, s) 3.50 (1 H, m) 3.87 (0 H, m) 4.04 (0 H, m) 4.35 (0 H,' m) 5.61 (0

H,s)5.75 (0 H,s)7.53 (5H, m)7.74 (1 H, m) 8.03 (1 H, d, /=2.54 Hz) 8.18 (1 H,

d, /=1.37 Hz) 8.24 (1 H, m). Mass Spectrum (ESI) m/e =498 (M + 1).

Example 86:
10  2-(1-((6-Amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6-fluoro-N-(2-(4-
morpholinyl)ethyl)-3-phenyl-4-quinolinecarboxamide

NH,
//N

N/
|
N~ NH
N
I
(X7
o) u/\
)
0
'H-NMR (400 Hz, CD;0D) § 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, m) 4.83 (3 H, m) 5.58 (1 H, q, J=6.65 Hz) 7.48

15 (1H,m)7.57(5§H, m)7.71 (1 H, td, /=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).



PyBOP (278 ng, 0.535 mmol ), DIEA (0.085 ni, 0.486 mmol) and

cycl opropanam ne (0.034 ni, 0.486 mmol). The resulting m xture was stirred
at rt forw02mo/fSoidbonwed by the addition of Et OAc. The olrganiseo®mbastt on was
washed with water, brine and dried over sodiumsul fate. The sol vent was
renoved and the crude residue purified via conbiflash using 50%

Et CAc/ Hexane t i yel l owi sh foam (S)-tert-butyl

| - (4-(cycl opﬁi&ﬁi@&%ﬁﬁ@yl ) - 6-fl uoro- S-Iééyri di n-2-yl ) qui nolin-

2-yl)ethyl carbamate. Mass Spectrum (ESI) me = 451 (M+ 1). To the yellow
foam (S)-ter tEXBmPM 87A:

1) qut not i n- 20 RRARER Gt i Bl dhing Mot R sl 2T 4.
di oxane ( 1 pyridid2-9l)quinbline-Frearb@smiitleng m xture was stirred at rt for
I h. The sol venNHwas renmoved and th cr ude

(S)-2-(1-ani nogth Ll) N-cycl opropyl uoro- NH2

3- (pyri di n- 2NA Ul nol i ne- 4- car baga e was used witR ®Nir t her
purifcation. Ppectrum(ESI)Lﬁrl ﬁ351(M+ 1). T@ solutlon of
(S)-2-(I-am noet hyl) :

N-cycl opr opyl -

O
m.) was added Dl 4 am no- 6-chl br/o m di ne- 5-

carbonitrile (29. ), ‘ 18@ mml) | The esultlng mxtré way heatéd to 95
0C. After the se¥dentQe renpved, “tA¥ cPlde residue was-BPur CONde usi ng 5%

(M;)O_VZ ( PC%AG\Ah‘tﬁlhan% %%@fgﬂ%léflghﬁo&?fm%gé acmaﬂggyrimidin -4-ylamino)ethyl)-6-

t hyl ) - N-cycl d
iHKIN)R (48360 Hﬂ‘Zﬁde) &gmaﬁhbgqu%&hﬁ@%tdra%d&y?aw {2 wm&ﬂnlag ﬂ*zg@gpgzaml 37 "

2 H 1.40 (dpyjdiseess lalédedef il 1.81 g5l 3 2k mmpby T regilm IPIZXtu@ vgp hgasd (
N e R R e ]
J=2.54, 0. 98 cbinbiflbsipsing/aps s BPeMeOQHDUBSI) obthm 2=(14@0arhiluo+5-dyano-
10  pyrimidin-4-ylamino)ethyl)-6-fluoro-3-(pyridin-2-yl)quinoline-4-carboxylic acid
as a brown solid. The pure material was purified by chiral HPLC (Isopropanol/
Hexane gradient, AD column) to obtain (S)-2-(1-(6-amino-5-cyanopyrimidin-4-
ylamino)ethyl)-6-fluoro-3-(pyridin-2-yl)quinoline-4-carboxylic acid. Mass
Spectrum (ESI) m/e = 430 (M + 1). To a solution of (S)-2-(1-(6-amino-5-cyano-
15  pyrimidin-4-ylamino)ethyl)-6-fluoro-3-(pyridin-2-yl)quinoline-4-carboxylic acid
(100 mg, 0.233 mmol) was added methanamine (14.47 mg, 0.466 mmol), N-cthyl-
N-isopropylpropan-2-amine (60.2 mg, 0.466 mmol) and PyBop (267 mg, 0.512
mmol). The resulting mixture was stirred at rt overnight. The solvent was
removed and dissolved in EtOAc. 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-5-cyanopyrimidin-4-
ylamino)ethyl)-6-fluoro-N-methyl-3-(pyridin-2-yl)quinoline-4-carboxamide. 'H-
NMR (400 Hz, CD;0OD) 6 ppm 1.43 (3 H, d) 2.70 (3 H, s) 5.60 (1 H, q, J=6.65
25 Hz)7.52(2H,m)7.64 (1 H,dt, J=7.82,1.17 Hz) 7.71 (1 H, dd, J=2.84, 1.08 Hz)
7.96 (2 H, m) 8.24 (1 H, dd, J=9.29, 5.38 Hz) 8.73 (1 H, m). Mass Spectrum
(ESI) m/e =443 (M + 1).



The foll ow ng exanpl es were synthesized by follow ng procedures exanplified
by exanples 87A and/or 87B. Exanple 91:

2- 1 - (( 6- ANDreotoBEseano- 4- pyri m di nyl ) am no) et hyl ) - 6- f | uoPOTASe@0pPgYUUI Nyl ) -

4- qui nol i necarboxylic acid 1H NVR (400 Hz, CD3OD) d ppm 1.49 (3 H, d) 5.65

( 1 H, n) 762( 1 H, ddd J778 5.14, 0.98 Hz) 7.76 (3 H m 8.10 (2 H,

m 8.27 d, J=5.09 Hz) Mass Spectrum (ESI) me = 430

(M+ 1). A 14 1%%&& 168 Exanpl e 992

2-(-1-((6-Am no-5- cgano 4-pyri m di nyl ) am no) et hyl ) - 6-fl uoro- N- net hyl - 3- ( 2-

pyri di nyl) - 4¥gampde¢ BHcar boxan de 1H NVR (400 Hz, CD3OD) d ppm 1. 43 3 H,
d 2.70 (3 H & _H

J=7. 83 Hz) 7’@?2 {Pig%“g“‘g’ é;tys#"l’%“& ﬁf?ﬁ‘r‘gbfﬁ fffei"ﬁ? k'éldmrﬂz\bﬁ%éﬂyl]sq’ 38 Hz)
8.73 ( 1 H, m)yrldihsz;yﬁqmbhumcl(cﬁﬂx)xamﬂlde— 443 (M + 1). Exanple 93:

2-((I R -1-((6-Am po-5-cyano-4-pyrimdinyl)am no)ethyl)-6;fluoro-N nethyl -
3-(2-pyridin - qU| nol i necar xaﬁi&ll—l—NNRMOO Hz, d ppm 1.43 (3
H d) 2.70 ( N|5®o’(1,o 65 Hz) 7.52 (2 HZM (1H,r’r)
772(1H,n)79 200, m 8.24 ( E H_.dd, J=9.39, 5,28 (1 H
ddd, J=4.89, 1.76,” 0.J68 Hz). Mhss Sﬁéml R 3 1) FA- 1478
WO PCT - 169 - Exanpl® 94: O Nx

2-(1-((6-Am no-5-cyano-4-pyrin dinyl)anm no)ethyI)N|§ fl uoro-N, N-di et hyl -
3-(2-pyridinyl)-4-quinolinecarboxam de

NHBoc NZNON

tert-Butyl 1-(methoxy(methyl)amino)-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). Aftera
clear solution was obtained (became clear at -20 °C and milky again at -40 °C),
10  bromo(pyridin-2-ylmethyl)magnesium solution (see below for preparation) was
added drop wise using cannula before warming to rt overnight. The reaction

mixture was quenched with NH4Cl solution and extracted with EtOAc (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-
15  4-(pyridin-2-yl)butan-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-ylmethyl)magnesium

To a solution of picoline (31.9 mL, 1.5 eq) in THF (300 mL) was added MeLi
20 (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 mixture was allowed to warm to rt, stirred for 30 min. to provide

bromo(pyridin-2-ylmethyl)magnesium. KOH (25.05 g, 2.0 eq), 5-fluoroisatin



1H NWR (400 Hz, CD3OD) d ppm 1.32 (3 H, d) 1.57 (3 H d, J=6.60 Hz) 2.63 (3
H s) 2.73 (3 H s) 558 ( 1 H q, J=6.68 Hz) 5.72 ( 1 H, q, J=6.60 Hz)
7.44 (3 Hyorpronstao( 1 H, dd, J=7.09, 5.14 Hz) 7.62 (2 BCTA$201963940D6, 7.70
Hz) 7.73 (2 H m 7.88 ( 1 H s) 7.93 ( 1 H td, J=7.83, 1.71 Hz) 8.01 (2
H m 8.27 (2 H, ddd, J=I 1.55, 9.23, 5.38 Hz) 8.71 ( 1 H, d, J=4.89 Hz)
8.76 ( 1 H, Zg =489 Eﬁ,) Mass Spectrgl%\(ESI) me = 457 (M+ 1). Exanple
95: 4- Ami no- 1BYE-PLdor o- 4- (I -piper i3ﬁyl car bonyl ) -3-(2-pyridinyl)-2-
qui nol i nyl)eth | ) am no) - 5- pyri m di necarbonitrile 1H NVR (400 Hz, CDBOD) d
ppm 5.33 (3 KBo.fg beeab®m HH 60agnl)and water (3G md5 wary stareﬂ@t(rtzfopiw 7 33 (4

H, 7.77 5 7
T oh (2" Byt B gt or fo byt 33001 E%%nf%%-%-yic offpenfhe S99 £
9.24, 5.28 H2p3 t@ndl} Thdlrehktion) mixtles svaSheattd wng s ESbyernight and4@81odNb +t.
1 A— 1478

4) Ani no- 6- ((Eﬁﬁf@%ﬁ%Hﬁtﬂ%ﬁ%a%oee@%a}oa%;@Hﬁsfﬁﬁmﬂ YERFBSHOYP- 3- ( 2-
pyridinylg- chmzr)oirh@ﬁlt)a@é twé SRR g deidi e RaR cbedd HC. (80 AHNVR (400
M—IZDNSOJ% pm1.22 (3 H,.d, J=6.65 Hz) 1.27 (3 H d, J=6.65 Hz) 1.43
( 1 H dd, J¥hy 1@( hognqgsnes)sobitigg beeprg a Ughtyeowsuspepsioppiteradiusings ("1 H,
s) 4.10 (O HtogHﬁtj"'ﬁte%’gsdT%al yéll(%g’s&lgh ‘J)V'as mteréd%éh@ed'{n tf% air. SA)pafbagé@l ok H d,
J=5.67 Hz) 5.7 Hz) 7.54
(3 H m 7.88old wawbtm}led LY tl(e filtratewﬁs a@dchso(dunm sulfm (%)O‘Igé gndith¢d, m). Mass

Spectrum ( ESI (M _+
(S)-2-(1-(6- ﬁx%e ga%égﬁegpa%f%} n fg‘z %(Z))aggllt'u fl’{B melt %y I§ phenyl qui nol
i ne- 10  The mixture was stirred at rt for addltlonal 2h. The resulted solid was filtered,

washed with cold water and dried in the air to give 2-(1-(tert-butoxycarbonyl-
amino)ethyl)-6-fluoro-3-(pyridin-2-yl)quinoline-4-carboxylic acid as a pale
yellow solid. Overall 2-(1-(tert-butoxycarbonylamino)ethyl)-6-fluoro-3-(pyridin-
2-yl)quinoline-4-carboxylic acid was obtained as pale yellow solid. The racemic
15  2-(1-(tert-butoxycarbonylamino)ethyl)-6-fluoro-3-(pyridin-2-yl)quinoline-4-
carboxylic acid was submitted for chiral HPLC separation to obtain (S)-2-(1-(tert-
butoxycarbonylamino)ethyl)-6-fluoro-3-(pyridin-2-yl)quinoline-4-carboxylic acid.
Mass Spectrum (ESI) m/e =412 (M + 1). To a solution of 2-(1-(tert-butoxy-
carbonylamino)ethyl)-6-fluoro-3-(pyridin-2-yl)quinoline-4-carboxylic 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 rt 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)quinolin-2-yl)ethylcarbamate as white foam. Mass Spectrum
(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-yl)ethylcarbamate (1 g, 2.36 mmol) was
added 4N HCl/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 (ESI) m/e =325 (M + 1). To a solution of 2-(1-



4- carboxam de 2 steps Tert-butyl

| - (et hoxy( et hyl ) am no) -1 - oxopr opan- 2-yl carbamate (10.00 g, 43 mml) in
THF (80 mvd 20mp15t@0l ed to -40 OC with MeCN and dry i ce, pamdssdiombyp4z har ged
wi th isopropyl magnesi um chloride (2.0M 20.45 nL, 0.95 eq). AfterA- 1478
WO PCT - 171 - addition of all reagents, a clear solution was obtained but
qui ckly beca ] nzyl mgnesiumchloride (2.0 M 21.53 n., 1.0 eq)
was added dr%ﬁ%%'?ﬁ%sti rring at rt” 8r 4 h. The reaction mxture was
quenched with NHACI solution and extracted with Et OAc (200 nix2). The
conbi ned or gamiroctiyeo-lugra-N-meth et (mirtdin-dat guinobneecarixipmilcond?MEodi um

| fate, i £ i . 3) 1 .
ort butyl 3 bk Ly et iR Lo L SRR G0 3 L2252 ow 01 1
whi ch becane neneiateDSOA(82AT trdr, 7d7ymmgl)ufidtie reshitoy mixaue mas Megsd SEBCt r um

(ESI) me = 2 + . tert-Butyl  3-0x0-4- .

(pyridin-2-yl ?3&%-_ iflllé SRR ALY gaveds B0y adged pihs A8y 2. 0 eq)
and isatin (a5 With aflr €3W100MLEEAc(ead dkibd 8¢t seaiuar sulfaterDhcwBhenheat ed at
85 0C overnight. After cooling to rt, the reaction_vol une was reduced to 4

|
m. and ext r acYesdePYed /B Hete anginvaified by compiflagh BSlﬁééo(g’c(ilgﬁlfM%(aHﬁ th coned
HOL 10 pH 3- b DGy Sbioch-1ogs JrbbIREyh OF TR NS 15ho fidase 11t ered.

washed with water and dried he air to give a yell ow soli'd,

2- (I - (t ert - bdluosoyNametbmly3-apniriid)-8tyhjguinodne-Braarhoxguidso Aifigechirad 36Xyl i ¢ aci d.

Ma Spect = + . i - (.
1- ?ts er !to fa(t:)u': g)%é:agi L%Aﬁog%pﬁgﬁgﬁg%lﬂe-%gqlepnf-'u[’gAnél Cé)ﬁidr@: (lggtzag@f-(ggglrl 06>5<'yl ic acid
(0.3 g, D076 cpamipyriinidiDMFyl6Gimdthyins-thadded-RPyByp 3(PyBd6-29y])duitdimwbl ), DI EA

(0.134 m., 0.764 %I) ang n'etdhanam' ne (0.573 m., 1.15 nmol, 2M. The
resul ting mi SEOPENGE VEP PR at r oom t enper ature over ni ght .

Example 88:
(S)-2-(1-(6-Amino-5-cyanopyrimidin-4-ylamino)ethyl)-N-ethyl-6-fluoro-3-

(pyridin-2-yl)quinoline-4-carboximidamide

NH,

NHBoc NHBoc N)ICN
< N = N ~

| ) 2 steps kN A

/ <
N
| AN F F - =
(0] H E
07N
15 H

To a solution of (S)-2-(1-(tert-butoxycarbonylamino)ethyl)-6-fluoro-3-(pyridin-2-
yl)quinoline-4-carboxylic acid (140 mg, 0.340 mmol) in 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 rt 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)-6-fluoro-3-(pyridin-2-yl)quinolin-2-yl)ethylcarbamate as light
yellow oil. Mass Spectrum (ESI) m/e =439 (M + 1). To the light yellow oil (S)-
25  tert-butyl 1-(4-(cthylcarbamoyl)-6-fluoro-3-(pyridin-2-yl)quinolin-2-yl)ethyl-
carbamate (125 mg, 0.285 mmol) was added 4N HCI/1,4-dioxane (1 mL, 32.9

mmol) and the resulting mixture stirred at rt for 1h. Solvent was removed and



The solvent was renpoved in vacuo and replaced with Et OAc. The resulting
solution was washed with water, brine and dried over sodiumsulfate. The
sol vent waie 208v3vARd i N vacuo and the crude residue subj ectras2a10/08mabi f | ash
purification to provide tert-butyl

| - (4- (et hyl car banmoyl ) - 3- phenyl qui nol i n-2-yl ) et hyl carbanate as a white
solid. Mass Sp ) mMe =406 (M+ 1). To tert-butyl |-(4-

(et hyl car ba%)gﬁgrwég yl qui nol i n- 2-y'|1)6ét'hyl carbamate (87 ng, 0.215 mmol)
was added 4M HO /|, 4-dioxane ( 1 nL, 4 nmmol) and the resulting solution was

stirred at r(SFof1-amipoctiyd-Neithsdér flupre-3r@rdwd2-ahquinplénce4-gaboxamide
2- (1 -am noet hyl.)- S0 I .NQki.ne-4- ] de W t hout
fugt her puri P\%ﬁ (S:)<'§1ltS %ﬁ%s%%ggﬁgéa%%bEyisg%%Ct@%g@?m _1%3(%§§g'sol ution

of the crudeTa-a(SH)-2Al roehbgthyl)-NNethrgk-Grflluo - pHaeidic 3yl pjuinodénd-4deartaoxan de in
DVF (5 nL .add - i.,no-6-chl i m.di ne- 5+ bonitrile. (33.2 ny,
0. 215 ol ) - ARerEMT 8! P Vit s G BER L mireL PESmaP g el was
stirred at 1Qﬁloﬁgyﬁﬂfidiheh—e%rﬂcﬁﬂ@ﬂe\/@iﬁ%g;O.lé??-mmoﬁ. UEe ehigtigOhkenle Was

renmoved under reduced pressure, EtQAc was added and the organic |ayer was
washed with W&$8fatehiq he’averaighed kasofveabypurmayrd &t wicugrad d1GFedt  was

removed in vackificaid dubiicd VidRepRsbAMPLORSInR YA Me/MAN (& hbhAl (sHELC
(1 sopropanol/ Hexane gradient, AD columm) to provide (S)-2-(I-(6-am no-

5- cyanopyr i mi( b raming- ey sropetimydip-4n aminey¢thd)-Nottbmlyb-gluprod-(peidn-dar boxani de

550 (1 b ap ol Rl bRl HAR oo B 0PIl p &7 03 S0 A O
g ) rrgl. 2619 cg | 1 (#,J=6,65358 331) Hrg - BRI <mSPEDLY. 30ndq( ES .55 Hizel H) 428 (MOH1L) .

(S)-2- (I - (6- Afnb0%: &YAkBpg DG 1882 Pahdih 8yt 4285 P 8 AdtRet hy ! - 3-

phenyl qui nol igma-(dd€ -5 PHANBAL 98 Hz, 1 H). Mass Spectrum (ESI) m/e =457 (M + 1).
Example 89:
(S)-2-(1-(6-Amino-5-cyanopyrimidin-4-ylamino)ethyl)-6-fluoro-N-(2-

15  hydroxyethyl)-3-(pyridin-2-yl)quinoline-4-carboxamide

NH,
2 CN
l;lHBoc l;lHBoc Nk |
® ® L,
2 steps H N
= =
® — T ®
=N CO.H =N o N/\/OH N = E

N 5 H/\/OH
To a solution of (S)-2-(1-(tert-butoxycarbonylamino)ethyl)-6-fluoro-3-(pyridin-2-
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 EtOAc¢ was added. The organic solution was
washed with water, brine and dried over sodium sulfate. Solvent was removed in
vacuo and purified via combiflash using 5% MeOH/DCM to obtain (S)-tert-butyl
1-(6-fluoro-4-(2-hydroxyethylcarbamoyl)-3-(pyridin-2-yl)quinolin-2-yl)ethyl-

25  carbamate as a dark yellow oil. Mass Spectrum (ESI) m/e =455 (M + 1). To the
dark yellow oil (S)-tert-butyl 1-(6-fluoro-4-(2-hydroxyethylcarbamoyl)-3-
(pyridin-2-yl)quinolin-2-yl)ethylcarbamate (50 mg, 0.110 mmol) was added 4N
HCl/1,4-dioxane (1 mL, 32.9 mmol). The resulting mixture was stirred at rt for



2 steps Tert-butyl 3-o0x0-4-(pyridin-2-yl)butan-2-ylcarbamate was obtai ned
for the route descri bed above. A solution of Tert-butyl

3- 0X0- 4- (WorouV1s1Aeyl ) but an- 2-yl carbamate (1.00 g, 3.8 moDIUS201K@BI9¢ED. 426 ¢,
2.0 eq) and 7-fluoroisatin (0.627 g, 1.0 eq) in EtOH (5 nmL) and water (5
m.) were heated at 85 OC overnight. After cooling to rt, the reaction

vol une was red m. and extracted with Et Otwi ce. The filtrate was
acidified V\nﬁﬂlf%@nd%}é) ﬁéT to pH 3-4 untlll% o solid was further formed. The
solid was filtered, washed with water and dried in the air to gave a yell ow

solid 2-(I-(tértSahuanoxye ankwied laadiheoyedip)2-@-dnhinoetby 3-OphemigiNG(d-hud-i ne-

4- car boxyl | ut i f

2 Cront - beg ot PEERoRRENITRR S M griicituh b phbow fiafly ™Gl vt T on ©

(iag lioxyl :)c a@uﬂﬁceﬂl()oagé\gassﬂpéanmr(ﬂ&) |m/eB|\8'—5§((M til). Was Saﬂlﬂlgd SOEﬁﬁoqnuc(eg. ?37 g,
rrrm . an na n .. . 1.

ol RS T e R I B i sl <

over ni ght 5 A- L4D8xMEIPET DME Bmi) Was aGJdVBIHA WaEs 8NPy 830 ol paidos-and t he
crude residue was subjected to conpiflash purification tojprow de

tert-butyl | 20819158 loéowrmétnﬁ;ﬁ APy (7.0 mg, 0.110 mmol). The resulting

phenyl qui nol hnx%ré/v!wz@ﬁéwdqar9@a@ﬁtﬁe%§1@nmstr%m%%d thd MRaRdSRERpUM (ESI)
me = 424 (M+ 1). To tert-but

| - (8-fl uoro- 4ra(f¢mtTHﬂ um@é‘%ﬁiylb@f@ﬁwbmtqm 0ok 2-L-06- alylhyoei-hyatmaylbarrat e (280

pg,su?t ?gé sol uidlul({)\’%%g?rﬁ %&h% E'ﬂdo* %W% ﬁ@ ﬂtpr?’ ndigd vy lr%%l\lz}e and t he
crude 2-10 - adiqadstxhylide. SHENMER ()4—(](\]—szat(h)/50£& Jodpemy 13G d yoH) B204 -3¢ (poxam de
Y used W L RgUL S UL LhEn, PHYSTH5E Y MESSuReE ey ek ) 81,9 55 32 (M

To a sol
2- (1 -am noet hﬂ)?&fV@gr(m-mmmJ737 EhemeQUISF(@dil.ﬁ@ 4 5Q@rftzomm de in DWF
(2 nm.) was added 4-amnm no-6 | or opyrim |ne50arbon|tr|
8.67 (d, /=4.89 Hz, lH) Mass pectrum (ESI) m/e =472 (M l)
Example 90:

15  (S)-2-(1-(6-Amino-5-cyanopyrimidin-4-ylamino)ethyl)-N-cyclopropyl-6-

fluoro-3-(pyridin-2-yl)quinoline-4-carboxamide

NHBoc
N
| N
| N\ = E
Pz CO5H

To a solution of (S)-2-(1-(tert-butoxycarbonylamino)ethyl)-6-fluoro-3-(pyridin-2-
yl)quinoline-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, 0.486 mmol) and cyclopropan-
amine (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 water,
brine and dried over sodium sulfate. The solvent was removed and the crude
residue purified via combiflash using 50% EtOAc/Hexane to obtain a yellowish
25  foam (S)-tert-butyl 1-(4-(cyclopropylcarbamoyl)-6-fluoro-3-(pyridin-2-yl)quin-
olin-2-yl)ethylcarbamate. Mass Spectrum (ESI) m/e =451 (M + 1). To the
yellow foam (S)-tert-butyl 1-(4-(cyclopropylcarbamoyl)-6-fluoro-3-(pyridin-2-



(102 nmg, 0.661 mmol ) and DI EA (0.346 nlL, 1.984 mmol). The resulting m xture
was stirred at 100 OC. Et OAc was then added and the organic | ayer was
washed wiwb 20s1s1740bri ne and dried over sodi um sul f at e. PChAISS@0wa9y2 was
renoved in vacuo and the crude residue was purified by chiral HPLC

(isopr opanol/ hexane gradi ent, AD columm) to provide

(S)-2-(I- m opyrlmdln

4-yl am no) et%/ll‘??%&q é@&o N net hyl - 3- phlérzyl qgui nol i ne-4-car boxam de 1H NWVR
(500 Hz, CD3OD pm1.39 (3 H d, J=6.60 Hz), 2.65 BH% 7 ( 1H,
q, J=6.20 Hz)yl)qmnagn@ ﬂ)erhylwbaﬂrat@%(@gwI%mnml)asaqazidpd 4MHCI1 95 (1H

m. (ESI) m 4 o} i t r i on of

Pl 3Ks Ful | | ?ﬁoxtaﬁ é&M %2 5 tlgf?% e%@:ngé‘ﬁﬁ %ﬁ gﬁ%&ﬁ%d%ﬁp efPlrenﬁga ef/ | abel ed
wi th polyHi s scblagnt wmrremowf&keprdehs eidev( $ F2-pBamwiokthy Ba ely cloptopyl6-gbupraes si on
vectors in sf9|ne I P / 5hetero Brs e purified by
sequent i al NP (ReFATIR (é} @Mr%&%g 18?1?”8%?%9@%%{5% B‘f‘@%ﬁt% b and d

i sozymes wer a/[sh SE@dru@i (ES&Q ME= 351200M 1T T8 2 spHitiBn of (PM-Na&hinoeB¥)gl ycer ol ,
5mM DTT, 2mM Na chol ate. Truncated Pl3Kg,. residues 114-1 102, N-termnally

| abel ed wi t h No&Yserepyl LgfluQias- @yﬁé@s%ral)wmﬂhlﬁ‘aéﬁﬁr&owrm@ in PMF 61 mhdect

cells. The g ,39aYAEDWAS (PEFI hi €058y ntSsyS 4-8hild- 6'6@%r RROGE%-200, Q HP
chromat ography. The g i sozyne was stored frozen at - in NaH2PO4, pH 8,

0. 2M Nad , 1%@pmymlewﬁ2->9 gimy 81139 2mwb - hbe cepltive mhizived was heprgl t9@SPCT - 174 -
{/\gl ;"ht ro Pl 3'§\f{%’9 ﬁ%’e%lx%??%?reﬁm?g!fttﬁ% E’@@? :Eefvsfcﬁl% (w%s pﬁﬁ?é‘é’ u§1ﬁ’§$$7' M%bi"—f?r
phosphOI D@)SI ﬂj(CM vaittkpepare®ry PBK ta obfaBK );2-(1 (6 -amino-5- cyanopyrlrmdln 4-yl-
amino)ethyl)-N-cyclopropyl-6-fluoro-3-(pyridin-2-yl)quinoline-4-carboxamide.
'H-NMR (400 Hz, CD;0D) & ppm 0.10 (br. s., 2 H) 0.63 (dd, /=7.24, 1.37 Hz, 2
H) 1.40 (d, J=6.65 Hz, 3 H) 2.65 (dt, J/=7.34,3.57 Hz, 1 H) 5.55 (q, J=6.52 Hz, 1
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
15 Hz, 1H)8.21(dd, /=9.29, 5.38 Hz, 1 H) 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 examples 87A and/or 87B.
Example 91:
20  2-1-((6-Amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6-fluoro-3-(2-pyridinyl)-

4-quinolinecarboxylic acid

“Nio0

'H-NMR (400 Hz, CDs0D) & ppm 1.49 (3 H, d) 5.65 (1 H, m) 7.62 (1 H, ddd,
J=1.78,5.14,0.98 Hz) 7.76 (3 H, m) 8.10 (2 H, m) 8.27 (1 H, m) 8.77 (1 H, d,
25  J=5.09 Hz). Mass Spectrum (ESI) m/e =430 (M + 1).



PBK g, and PBK d. Enzyne reaction buffer was prepared using sterile water
(Baxter, Deerf eld, IL) and 50M Tris HC pH 7, 14mM Myd 2, 2nM sodi um

chol at e, wWoR0OBGNMMONaCl . 2mM DTT was added fresh the dapCofustéie/oaooperi ment .
The Al phascreen buffer was made using sterile water and 10vM Tris HCO pH
7.5, 150 NaCl, 0.10% Tween 20, and 30"M EDTA. |InM DTT was added fresh the
day of the exper] t npound source plates used for this assay were 384-
wel | G ei ner%ﬁ‘é%ﬂ}&opyl ene pl at es%ant ai ni ng test compounds at 5nM
and diluted 1:2 over 22 concentrations. Columms 23 and 24 contai ned only
DMVBO as t hesd&xamiple9%onpri sed the positive and negative controls,

respectively, Spurc L ¢ 2[4 € i A0SE S N Ay per wel |
into 384-wel F @W%‘?%l?'l'e(gg ?%%Wﬁﬁg[rﬁn@rdl%%g#fﬁm)e%ﬁgékﬁ%ﬁ&hﬁs% or m was
di luted i n empyyidinyl péemiciinecitbexamiade2 X wor ki ng st ocks. PBK awas diluted to
1.6nM PBK b was diluted to 0.8nMN BK g was diluted to 15nM and PBK d was
diluted to 1.6nM PI(4,5)P2 (Echel Bi osci ences, Salt Lake Cty, UT) was
diluted to | OrM and ATP was dil ¢ 20mM This 2x stock was used in the
assays for PBK aand PBK b. For agsa of PBK g and PBK d, PI(4,5)P2 was
diluted to | OrM and ATP was dil uthed Nd 8nmM to prepare a simlar 2x worKking
stock. Al phascreen reaction solution rde using beads fromthe
anti - GST Al phascreen kit (PerkinEl ner, MA) . A- 1478 WO-PCT - 175 -
Two 4X wor ki ng stocks of the Al phgsgt ~ Fents were made in Al phascreen
reaction buffer. In one stock, biqkinylatled-1P4 (Echel on Biosciences, Salt
Lake City, UT) was diluted to 4OnM™&hd G rleﬁt avadi n-donor beads were
diluted to 80ng/nL. In the second stock, PI'P3- bi ndi ng protein (Echel on
Bi osci ences, 15¢ i i i = GSE-@ccept or
Dl oscl encg diﬁﬁﬁ@g@?@@, E,08)b pias1 95 k31ied) 4 9o 49OAM P60 anfl g, 86

Hz) 7.52 (2 H, m) 7.64 (1 H, d, /=7.83 Hz) 7.71 (1 H, m) 7.97 (2 H, m) 8.24 (1 H,

dd, J=9.29, 5.38 Hz) 8.73 (1 H, m). Mass Spectrum (ESI) m/e =443 (M + 1).
Example 93:

2-((1R)-1-((6-Amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6-fluoro-N-methyl-
10  3-(2-pyridinyl)-4-quinolinecarboxamide
NH,

'H-NMR (400 Hz, CD;0D) & ppm 1.43 (3 H, d) 2.70 (3 H, s) 5.60 (1 H, q, J=6.65

Hz) 7.52 (2 H, m) 7.65 (1 H, m) 7.72 (1 H, m) 7.98 (2 H, m) 8.24 (1 H, dd,

J=9.39, 5.28 Hz) 8.74 (1 H, ddd, J=4.89, 1.76, 0.98 Hz). Mass Spectrum (ESI)
15 m/e=443 (M +1).



80ng/ mL.. As a negative control, a reference inhibitor at a concentration "
Ki (40 uM was included in colum 24 as a negative (100% i nhi bition)
control . wWei2oy/#1R384-wel |l Miltidrop (Titertek, Huntsvil PeT/USR)10/0B99@L/ wel |
of 2X enzyne stock was added to columms 1-24 of the assay plates for each
isoform | Or/well of the appropriate substrate2x stock (containing 20nv
ATP for the PB ssays and containing 8rM ATP for the PBK g and d
assays) was ﬁﬂgf’}%aa@g%gct%o Col ums 1- 24a]6‘p "all plates. Plates were then

i ncubated at roomtenperature for 20 mnutes. In the dark, | OrL/well of

t he donor bedgasmleP4:on was added to col ums 1-24 of the plates to quench

t he enzyne regagtion. Ihe es d A t QTP > for 30
m nutes. Sti ?ﬁﬁi(kéjahi%lﬁggr ,a?'ﬁ) W@&nﬁ@#ﬁﬂ@&g@@eﬁ;flgér;@qbggg%g@{eu ?on was
added to col 3nepylididylpH-quinoliexhemxaiifide pl at es were then i ncubated in the
dark for 1.5 hours. The pl ates vere, read on an Envision nultinode Plate
Reader (PerkinEl ner, Waltham M) |ugi pgva 680nmexcitation filter and a
520-620nm em ssion filter. AlteryaNo€ in vitro enzyne assays. Assays were
performed in 25 nL with the abovg filnal concentrations of conponents in
whi te pol ypropl yene pl ates (CostalN 339 Phospati dyl inositol
phosphoaccept or, Ptdlns(4,5)P2 P4508 f Echel on Bi osci ences. The
ATPase activity of the al pha and gamma s was not greatly stinmulated
by Ptdlns(4,5)P2 under these condiap st herefore omitted fromthe
assay of these isozynmes. Test co lbungs re dissolved in dinethyl
sul foxide and diluted with three-fo¥d & &l dilutions. The conmpound in
DMSO ( 1 nl) was added per test well, and the inhibition relative to
reacti ons_ com;ai, {pn c v W | zZyI m ned.
After assdy P%I?\JJ% 0Pz eIRBYN B ppit B2 R9EL W 189 HERZYBRs0'RS) £163 &

H,s)2.73 (3 H,s)5.58 (1 H, q,/~6.68 Hz) 5.72 (1 H, q, J=6.60 Hz) 7.44 (3 H, m)

7.56 (1 H, dd, J=7.09, 5.14 Hz) 7.62 (2 H, dd, /=14.06, 7.70 Hz) 7.73 (2 H, m)

7.88 (1 H,s)7.93 (1 H, td, /=7.83, 1.71 Hz) 8.01 (2 H, m) 8.27 (2 H, ddd,

J=11.55,9.23,5.38 Hz) 8.71 (1 H, d, /=4.89 Hz) 8.76 (1 H, d, /=4.89 Hz). Mass
10  Spectrum (ESI) m/e =457 (M + 1).

Example 95:

4-Amino-6-((1-(6-fluoro-4-(1-piperazinylcarbonyl)-3-(2-pyridinyl)-2-
quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
NH,

Nj\/l[CN

N~ 'NH

15  'H-NMR (400 Hz, CD;0D) & ppm 5.33 (3 H, d, J=6.65 Hz) 5.48 (3 H, d, /=6.85
Hz) 6.76 (2 H, m) 7.33 (4 H, m) 7.77 (2 H, m) 9.59 (1 H, q, J=6.85 Hz) 9.74 (1 H,
q,/=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, 528 Hz) 12.73 (1 H, m). Mass Spectrum (ESI) m/e =498 (M + 1).



rt, the reaction was stopped and residual ATP determ ned by addition of an

equal volunme of a commercial ATP biolum nescence kit (Perkin

El ner

EasyLi t e)WOR4IWBISY@PCT - 176 - according to the nanuf acPOTAars2610/039942
instructions, and detected using a Anal ystGI | um noneter. Human B Cells
Proliferation stimulate by anti-l1gMIsolate human B Cells: |sol ate PBMCs

from Leukopac, or_f man fresh bl ood.. |Isolate hunan B cell
PolbTd WiEPEt W0

MIltenyi pro cell isolation

s by using

-human B cells were Purified

by using Aut oMacs. colum. Activation of human B cells Use 96 well Fl at
bot t om pl at e Exahude 960000/ wel | purified B cells in B cell proliferation

Tont o 50 A G 1 RY T ARG (3 b TR L ARRAOSLL R 3

anti - Human | gyridiyilb2dypialmyRethy)amine)eRpseadtineadrboniitile 006-
with 50 nL B cell nedi um cont ai ni
OC i ncubator. After 72h, pulse la
t hym di ne for overnight ~ 18 h,
B Cells Proliferation stinulate lby_
human PBMCs from Leukopac or fromNhurmg

Pin

fresh bl ood. |sol ate

_(%_50 mL medi um
ng

/L
129), m xed

PBK i nhibitors and incubate 72 h at 37
Bcells with 0.5-1 uG /well H
vest cell using TOM harvester. Human
L-4 Isolate human B Cells: |sol ate

hunman B cel |l s

using MIltenyi protocol - B cell isolatisn kil. Human B cells were Purified

by Aut oMacs. columm. Activation of hune | s Use 96-wel |

pl ate, plate 50000/ well purified

flat bottom

5 'H-NMR (400 MHz, DMSO-ds) § ppm 1.22 (3 H, d, J=6.65 Hz) 1.27 (3 H, d,
J=6.65Hz) 1.43 (1 H, dd, J=12.13, 6.65 Hz) 3.66 (0 H, s) 3.82 (1 H, br. 5.) 4.04 (1
H, s)4.10 (0 H, d, J=5.28 Hz) 4.25 (0 H, m) 4.43 (0 H, br. s.) 5.50 (0 H, d, J=5.67
Hz) 5.78 (0 H, dd, J=6.55, 2.05 Hz) 7.44 (1 H, d, J=5.09 Hz) 7.54 (3 H, m) 7.88
(1H,m)7.97 (1 H,m) 8.18 (1 H, m) 8.73 (1 H, m). Mass Spectrum (ESI) m/e =

10 485 M +1).
Example 97:

(S)-2-(1-(6-Amino-5-cyanopyrimidin-4-ylamino)ethyl)-N-methyl-3-phenyl-

quinoline-4-carboxamide

0
o >L J\ NHBoc
SO 07 NH N
0" °NH O | O
] —_— —_— -
/HrN\ o
S CO,H
NH,
NHBoc N7 CN
Ny k\ |
- . | N7 NH
_ 2 steps
_ N
~
O CONHMe | O
Z
15 CONHMe

Tert-butyl 1-(methoxy(methyl)amino)-1-oxopropan-2-ylcarbamate (10.00 g, 43
mmol) in THF (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



proliferation nmedi um (DVEM + 5% FCS, 50 nmM 2- ner capt oet hanol , 10vM Hepes).
The medi um (150 nL) contain 250 ng/nL CD40L -LZ reconbi nant protein (Anrgen)
and 10 ngwoi20iot54740 R&D system # 204-1L-025), m xed w t RCPWS2EH0/084948 cel |
medi um cont ai ni ng conpounds and i ncubate 72 h at 37 OC incubator. After 72
h, pulse labeling Bcells with 0.5-1 uG /well JH thym dine for overnight

~18 h, and har t.cell using TOM harvester. Specific T antigen (Tetanus
toxoi d) i ndu%@ﬁfﬁ%@’ﬁﬁm proliferat i'of? assays Human PBMC are prepared
fromfrozen stocks or they are purified fromfresh human bl ood using a

Fi col | gradi efditiongaldpageits, aradeandolvben vis pbtained dndqyeldy bacate7silly0- PCT -

177 - 2x10 5 ( M(P;Lg M 2-
Mer capt oet har%ﬁ%%s \%Eﬂfﬁh‘%:é% ﬁdcgg%agﬁierﬂ?n onsdde%’gfpi %i Yitors was
tested from Grrimiylat e Or @@1TidMicactionhaixturt egs iqnarchodntth NihgCl solitionphi cat e.

Tetanus toxoid ,T cell specific antigen ( University of Massachusetts Lab)
was added at extrmgetdmnhﬁmm@ﬂ@anwas Theyoombincd prgadi¢ lagebatcos washgder nat ant s

are, ool et e a8l SRl 8] bAFEL AR5 indBREBL LampIfuRYl 500 W th

3H t hym di ne or” 0 nmeasure pro er’a or "detecting
I nhi bi tion ofED/Askexaac,ampdo 0735)36 givlelteerﬁﬂgl AGXb-4c(PlBdin- 2-§7l)blﬁng2at ed by d ass

|la PBK activate m t ogeni C(1LGF- 1, PDGF,..| in, thronbin,
Ner ot ey BBt e tasn i Ehichiteime s nere oA cbdb e ttom  he
cytosol to ﬂh hp)aR SR, m@sml Ak £ BEHRUI) 1 &@mwﬁsﬁéﬁ&for AKTI .
It is cytopl aggm ca when phosphoryl git‘gg)dE :eAKTms%r)vl \e/al /%é)owt&(% %q}l nhi bi tion

of AKT (st asi(Ryrihgtydiugan- Z-ylrcélfb@ﬁ@@dlt(}oa&a§|8d@axoi)oﬁq¥b(q
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 rt, the reaction volume was reduced to 4 mL and
extracted with ether twice. The filtrate was acidified with concd HCl 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-(1-(tert-butoxycarbonylamino)ethyl)-3-

15  phenylquinoline-4-carboxylic acid. Mass Spectrum (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 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-yl)ethylcarbam-
ate as a white solid. Mass Spectrum (ESI) m/e =406 (M + 1). To tert-butyl 1-(4-

25  (methylcarbamoyl)-3-phenylquinolin-2-yl)ethylcarbamate (87 mg, 0.215 mmol)
was added 4M HCV/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 (ESI) 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.



FYVE domains bind to PI(3)P. the majority is generated by constitutive
action of PBK Class Il AKT nenbrane ruffling assay (CHO | R- AKTlI -EGFP

cel | s/ GE woabthisarse) Wash cells with assay buffer. TreaPChitshooosparinds in
assay buffer 1 h. Add 10 ng/nmiL insulin. Fix after 10 mn at roomtenp and
i mge Forkhead transl ocation assay (MDA MB468 For khead- Di versaG-P cel | s)
Treat cells w C din growth ne m1l h. Fix and i mge. C ass
[TTPI(3)P asgé;m&}g@séng 2XFYVE cel I Csjll Heal t hcare) Wash cells with
assay buffer. Treat with conpounds in assay buffer 1 h. Fix and imge.

Control for alAftes thessoliest wes reaovedwndaraerhiced prkshre, StOpcopisaddetarohkhead i s
| Pl (3 t
ot mutac i on SreLRRu it S BRI AR Rl SRS e, TSP bl 00d

was sti mul at salveattwaskOmogddvi vaota aﬂnge ¢Sdutrdsadue VBlsqillEl(ﬁhd wHOOB@aD1l) . 90 ni
bl ood t hen al dA- 1478 WO

2 obvert | o EC e T e e AL Sl b aulie a2l Agaleg o O

bl ocki ng 9om@mylaﬂoﬁyfrfnqmnmy&nﬁ@@athgvadmdtwleﬂphdﬂyldMDMhﬁemwéﬂ&&SnﬁdB bc 0).
Sanpl es were,i ncubat ed to%et her ession) t h (for

B7. 2 expr essﬂéI M (489 DFQPa\@éE’nbl 82)65 HS@ JTL6)6Q/E§) ?ﬁér‘%ﬁeﬁ} édszt(é a
o6 vel |, deepulbankare Al fionanks borys 2. i 4inelQ g ach of
CD45- Per CP (BD BI osci ences 7464), BI osci ences, #340719),
and CD69- PE J=8.31 Hz) Mass Spectrurn (ESD) m/e = 424 M+ 1).
Example 98:
10  (S)-2-(1-(6-Amino-5-cyanopyrimidin-4-ylamino)ethyl)-8-fluoro-N-methyl-3-

phenylquinoline-4-carboxamide

m O CO,H O CONHMe

NH,
NZ CN
2 steps k\N |

CONHMe
Tert-butyl 3-oxo0-4-(pyridin-2-yl)butan-2-ylcarbamate was obtained for the route

described above. A solution of Tert-butyl 3-oxo0-4-(pyridin-2-yl)butan-2-yl-

15  carbamate (1.00 g, 3.8 mmol), 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 rt, the reaction volume was reduced to 4 mL and extracted with Et,O
twice. The filtrate was acidified with concd HCI 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-(1-(tert-butoxycarbonylamino)ethyl)-8-fluoro-3-phenyl-
quinoline-4-carboxylic acid. Mass Spectrum (ESI) m/e =411 (M +1). Toa
solution of 2-(1-(tert-butoxycarbonylamino)ethyl)-8-fluoro-3-phenylquinoline-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.



(BD Bi osci ences, #341652). The second 50 nL of the treated bl ood was
transferred to a second 96-well, deep well plate for antibody staining with
10 mL eacwoabi0dBI@wFI TC (BD Bi osci ences, #340719) and CP8GAR@YH3I{IBD
Bi osci ences, #555666). Al stains were performed for 15-30 min in the dark
at rt. The bl ood was then |ysed and fixed using 450 nL of FACS |ysing

sol ution (BD Biosci , #349202) for mn at rt. Sanples were then
washed 2X i nAPE%/SS {’V%%g%s bef ore FACS '&r]?gl'ysi s. Sanpl es were gated on

ei t her CD45/ CD19 doubl e positive cells for CD69 stainin or CD19 positive
cell's for CD8bcselarntivag. recayeinCoonm ardksibe emde résiduenyastsu iectedl tthuman

nonocyt es for t JHP-1, was
mai nt )e/u ned in %BWQQB&%%EQ% é%% %?eﬁaqmqgr@fa?og%e(&seﬁg’uaf ltn{bgrr? - cells

wer e counted phmyhgllnmlypatyl)bihgkaﬂ)amatsammm @hldeMasySImmum(ESh)chm pended

at a concentr (o} 0 el,l' s plus
media ( 1 X fg% 1¥‘2+| I([))s)jl‘?/\%gtll?‘ﬁ‘él Jﬁ%ﬁ 8t e@%&lc%ﬁ 05@’? %ZP BY Plc eeppwelﬂll
di shes ( WHC?I)EthyIc@ﬂianﬁtemZBO dig, Deoe MmelywKpe uadts. 4NCeld 181 Mafahedtal,

overni ght before treatnment with various concentrations (from 10-0.0003m\)

of blocking ddnmelinad thresdrmmivipnatingdebirtifer hbqiThe salyeniiwasygaovdded t o

the cell's forndfheribedd (BdmPoett b‘gm&ﬂu&@% Imdiid-31 e nghﬁg-qoc%%(ﬁcs
#279-MC) was diluted in rredl a and added to eadch we at a final

concent r at i osmade Bas urgd miithost funtheranurdivatiens t Mdss Sﬂecﬁ_'umh (BSBtm/et= 3¥r@4 war med

FACS Phosfl ow |ys&/ Fi f fear i, C #558049)
was added t oweéc ﬁ%we ?ﬂuggl af? (%11%153‘@2%3@“#8%@ {n%gqy?? ﬁ%ﬁﬁ@ﬁ]ﬁ&mégg
addi ti onad 1@arbbxarhide 11PDM1é62 b)) evas pddedat-arhHOS-cidoropgrimidiners reartedper nat ant

was aspi rat ed, tﬁlff(’lg?l é%%l rnrnolg an(f (BI%AQ(%%JXE% 1"‘@?4 r%grgo?)d "lth% rgs% t?ngmel I with

vi gorous shaki
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-
pyrimidin-4-ylamino)ethyl)-8-fluoro-N-methyl-3-phenylquinoline-4-carbox-
amide. 'H-NMR (500 Hz, CD:0D) & ppm 1.39 (3 H, d, /=6.60 Hz), 2.65 (3 H, s),
5.57 (1 H, q, J/=6.20 Hz), 7.43 (1 H, m), 7.54 (5 H, m), 7.65 (2 H, m), 7.95 (1 H,
m). (ES)m/e =442 (M + 1).

20  Biological Assays
Recombinant expression of PI3Ks
Full length p110 subunits of PI3k a, B and &, N-terminally labeled with polyHis
tag, were coexpressed with p85 with Baculo virus expression vectors in sf9 insect
cells. P110/p85 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, 5SmM 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 y isozyme was

30  stored frozen at -80 °C in NaH,PO,, pH 8, 0.2M NacCl, 1% ethylene glycol, 2mM

B-mercaptoethanol.
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treatment with various concentrations (from 10-0.0003mM of bl ocking
conpound. CodpeitrdPIBK etAané assays

A PI3K Alphascreen® assay (PerkinElmer, Waltham, MA) was used to

measure the activity of a panel of four phosphoinositide 3-kinases: PI3Ka, PI3Kf3,

PI3KYy, and PI3K6. Enzyme reaction buffer was prepared using sterile water

(Baxter, Deerfield, IL) and 50mM Tris HCIl pH 7, 14mM MgCl,, 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 HC1 pH 7.5,
150mM NacCl, 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 containing test compounds at SmM and

diluted 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 well into 384-well Optiplates

15

20

(PerkinElmer, Waltham, MA).

Each PI3K isoform was diluted in enzyme reaction buffer to 2X working
stocks. PI3Ka was diluted to 1.6nM, PI3Kf was diluted to 0.8nM, PI3Ky was

diluted to 15nM, and PI3Kd was diluted to 1.6nM. P1(4,5)P2 (Echelon
Biosciences, Salt Lake City, UT) was diluted to 10uM and ATP was diluted to

20uM. This 2x stock was used in the assays for PI3Ka and PI3K. For assay of

PI3Ky and PI3K0, 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).



media (12 nmL) was added to bone marrow cells for 10 mn at 37 OC. Muse
MCP- 1 (12 nL, R&D Di agnostics, #479-JE) was diluted in nmedia and added to
each wel Iwatos/fSiTaal concentration of 50 ng/nL. Stinul aPCosb@sosed4f or 2
mnat rt. 1 nL of 37 OC pre-warnmed FACS Phosfl ow Lyse/Fix buffer (BD

Bi osci ences, #558049) was added to each well. Plates were then incubated at

37C for an additio 15 mn. Plates re spun at 1500 rpm for 10 mn.
Super nat ant %ag%a{gs%g&g‘d of f and 1nL o]f\gece cold 90% MECH was added to
each well wth vi)gorous shaki n fg Pl ates were then incubated either

over ni ght at TWroAX @osking atockseoffthe Abthapdreerbepgmes wercinpsidyn dipliasiraen Pl at es

vere Spun_ and yRSREATRX] 0B % AES40 Belon WMaRiAES, S3pLRl ed and

cel s were suépended 1n remainih c block (2
nL, BD Phar mGn@eUT)#&E:Hﬂﬂxé@)o Wtahéstrqﬂlaiadlmmmwdsf\me dutnd to at rt.

After bl ock, rlmaryat odi.es diluted in buyffer; CD. |b-
A exaass (B0 BB SRR b et g broig fE QPR ety Siks,
#558455) at Laﬁ@CH?WUT)' ABDITuBNETI (SR bhd SitDC8ITLgept#a8E et dillitcHd0, Wwer e
added to each sample for 1 h at RT wi th shaki ng Wash buffer was added to

cel I's and spdRtailastoa pesmtive conttelnt eferappsaphiptianitt asqacaspiiontaiiand cel I s

wer e_suspendedoly GBhabad bt z@%@@@ﬁye b Pisibi i@ abn@aL | -r abbi ¢
Al exa 647 (50 ni, InV|tro en, , was add for 30 mn at rt

wi t h shaking. Cell sUssge X Hewll/\Mslltétnop ﬁltwebmm®$Vlﬁ©$%MéqhdﬂW@H of X100 L

of buffer for @@%ﬁﬁ%ssé&ﬁi %ajsdlﬁ 194 o'f 15 lg@?ﬂr eaélﬁ%gf e Di cki nson)

and gated on 'e " positive ce erm ne expression
| evel s ofo0 pAI(IlmLAweﬂlhfftkmatmqprmtqmmsﬂraelmmcmmammg@wMﬂ’a&)r\lmhl cle and

conpounds ar ?’Iﬁg& an Etas%ra}?sd ardl contagmng 8 HfVI) Alﬁg fgraﬁ/lg g?jléy ana(llI d a%%a\lly% \?vas

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

15  were incubated at room temperature for 30 minutes. Still in the dark, 10uL/well of
the 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 680nm excitation
filter and a 520-620nm emission filter.

20  Alternative in vitro enzyme assays.
Assays were performed in 25 plL 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

25  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
diluted with three-fold serial dilutions. The compound in DMSO (1 pL) was
added per test well, and the inhibition relative to reactions containing no
compound, with and without enzyme was determined. After assay incubation at

30  rt, the reaction was stopped and residual ATP determined by addition of an equal

volume of a commercial ATP bioluminescence kit (Perkin Elmer EasyLite)



Needl es Popper & Sons, New Hyde Park, NY) to mice (Transgenic Line 375 1,
femal e, 10-12 wks Angen Inc, Thousand OGaks, CA) 15 mn prior to the

i njecti orwD.2010(B1A0NLs) of anti-1gM FITC (50 ug/ nouse) @gaaissan/08emuno
Research, West G ove, PA). After 45 min the mce are sacrificed within a CO
chanber. Blood is drawn via cardiac puncture (0.3 nmL) (lce 25 g Syringes,

Sherwood, St. I and transferred into a 15 nL conical vial

(Nal ge/ Nunc ﬁnk‘gﬁ‘z’ﬁg& Denrmar k) . B|1§éd is imediately fixed with 6.0 nL
of BD Phosfl ow Lyse/ Fi x Buffer (BD Bioscience, San Jose, CA), inverted 3X s
and pl aced i reQ@rdipgtovdicenanygachiretgintroftionpend gieweied iusing ennadybt@hd
transferred gm%ﬁ)eﬁendorf tube containing 0.5 nL of PBS (Invitrogen Corp,
Grand | sl and,lﬁﬁ%. e spleen is crushed using a tissue grinder (Pellet

Pest | e, Ki nmblHaranBaSells\Rrotifeaxation biignukatel by mmtidigM el y fixed with 6.0 nL of

BD Phosf | ow IZ%Ze/ %i X b%,f(fc,)ez{,, inverted 3X s and placed in 37 OC water bath.
Once ti ssues "Wate "Beeh o ect ed the nouse is cervically-dislocated and

carcass to dispnse8ME& frem Lakspad.or fflven Bdma fregriissd. Molalehuai=a B egmRved from
the 37 0C water bath and placed on ice until tissues are further processed.

Crushed spl ednasagMiienyigrefgceling el isolationkie By rhumangB sells W& Bi osci ence,

Bedf ord, MA) pynteq 8Patileauloviids efgcal vial and washed with 9 nL of PBS.
Spl enocytes and bl ood afe spun @2,000 rprms for 10 min (cold) andA-1478

WO PCT - 181 Actiputoney higaadpieflat ed. Cells are resuspended in 2.0 rnL of

ld (-20 0C % et | 4 - ' Phi || i :
). NeoH |5 BPau T sl e, G DGR Hhe IR AL B BEPL PRS2 8,
are t henlist ongon atedr2O(IMIENM-i5% EER] 80 mdvh Hepess b iuhved-ricwcapkdk@@nabal ysi s.

Ml ti-dose ThE i mmuni.zati on. Bl od was 5ol ech ed By et r o;qn blal  eve bl eeds
and 2 pg/mL anti-Human IgM 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, pulse 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 1L-4
Isolate human B Cells:
Isolate human PBMCs 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.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-mercaptocthanol, 10mM
Hepes). The medium (150 pL) contain 250 ng/mL CD40L —LZ recombinant
25  protein (Amgen) and 10 ng/mL IL-4 ( R&D system # 204-1L-025), mixed with 50
150 pL 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 cell 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 blood using a Ficoll gradient. Use 96 well round-bottom plate and plate



female mce (Charles River Labs.) at day O before i munization. Bl ood was

allowed to clot for 30 mn and spun at 10,000 rpmin serum m crotainer

t ubes (BewOanioDistibnson) for 10 min. Sera were col |l ect e@CTAlS2@QUOB®E2 i N

Matrix tubes (Matrix Tech. Corp.) and stored at -70 OC until ELISA was

performed. M ce were given conpound orally before inmunization and at

subsequent ti erjo based on the life of the nolecule. Mce were then
PP PEs 7

i mmuni zed wi ng of TNPLPS (1I§| Gsearch Tech., #T- 5065), 50 ny of

TNP-Fi col I (Bi osearch Tech., #F- 1300), or 100 ng of TNP- KLH (Bi osearch

Tech., #T-5088)0 ﬁwciwlhwumcpwr@mdagn(&315@1640Hn1¢%§CSTI§|ﬁuML2-| plus al um
solutlon mas r r very 10
mn for %? eglror Z&eﬁ%ﬁ}@z’g{]\ﬁ pé%n%all iélsgd&gﬁn@ﬁ%e{{sét ﬁ?r ea%1 }bnjgfssw%l ce were
CO sacri f| Cedesaaalcfr(fmrldlthqa(m@OI uhMe th her mgdnmemls hmdmdnphcecté ofethws 30 mi n

and spun at OO m|n serum r.ot ai ne 1 ra were

o | eotod.  alRqibu HeRAE A BEUP StV L8 s dHET 7 ur t her
anal ysi s gas m%vﬁlgraﬁecincmu%d&p@gdsfatm¢©€ﬂcubéltg&&1peh&ﬁilt§étecblgdvltédevel s in
the sera were_then neasured via ELI SA. TNP-BSA (Bi osea rch Tech #T-5050)

was used to @HptUfwstpRIIENELISHesey chemess o @ésedmﬂfh YIegPi ) was

used to coat N@g‘ﬂltwela&gbk%falaﬁ&@s (Corning Costar) overm ght Pl ates were
t hen washed and bl ocked 1 h using 10% BSA ELI SA Bl ock sol ution (KPL).

After bl ocki @FP Esheyfoy| detestingdnldbitionhd ClassdlasmdClaanll #33Kt andar ds wer e
serially dil uhed anegsal;l P\l@ﬁ%tedeo 1393 ﬁ%lﬁl?%gn‘?vda%cﬁﬁy 13h e"mé‘{ cford I%% ""er €

washed and Ig conjugate ary an goa I'mou ,
Sout her n1®i oﬂeEDGFlﬁﬁ@hﬂ&hrogrb)at NG i etaTp Usecdpo et rﬁmgehtersnnﬁiihoﬁé(dh

#1080- 05, go nt| - hern Bi ot ch #1020- 05, goat anti nouse
| g&3, Sout he?r n% %1‘8(%56%0 P&y &al}ft 1: 5000 and i ncubat ed

Forkhead (FKHRLI) is a substrate for AKTI1. It is 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 111 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:
AKT is cytoplasmic
Forkhead is nuclear
PI(3)P depleted from endosomes
Biomarker assay: B-cell receptor stimulation of CD69 or B7.2 (CD86)

30  expression
Heparinized human whole blood was stimulated with 10 pg/mL anti-IgD
(Southern Biotech, #9030-01). 90 uL of the stimulated blood was then aliquoted



on the plates for 1 h. TMB peroxi dase solution (SureBlue Reserve TMB from
KPL) was used to visualize the antibodies. Plates were washed and sanpl es
wer eA- 14A80W0AGT740 182 - all owed to devel op i n t he TNVBPSOIUSRI10/039942
approximately 5-20 m n depending on the I g anal yzed. The reaction was
stopped with 2M sulfuric acid and plates were read at an OD of 450 nm The

follow ng co S d the associ at data in the above PBK d

Al phascreen(gz?h;&sdglﬁ'geﬁm WO PCT - T835-A 1478 VIO PCT - 184 - A 1478
WO-PCT - 185 -A-1478 WO-PCT - 186 - For the treatnent of '

Pl 3Kd- nedi at @dr— wels ebs 86 wodlidate ard rbatedraithild Lﬁ-ermﬁTlDil%CO@ﬁMWt@Qﬁ ag

o seases,  andisE eniieuhd fror? 180 Ao EAicd b IMIBREL 16% P (bl ATCR: o
may be aam' mSam@teedvem mlchlya,tedntmgeﬂhtlaﬂowh(lﬁgr@lh@ﬁhé@ewm@pr@h(fw@dtbl ly, or

topically in dosage.un ormul at.i.on ai ni.n ntiona

phar maceut i c& Y %U(Qé'lb %ib(ff: [F Fe?]lbé?%ds(sgdiribmtt@%fg ?@V’S - d%FRe term
parent erat asvelsgste (I€6&J1)Hor diﬁlbbﬁiﬁﬁalnﬁigbﬁiﬂﬁ apabusch bMDﬁS/-@BﬂHS(BD

i ntramuscul ar, intrasternal, infusion techniques

i ntraperit on&?chﬁ%@%&#‘g% B -FIIE7(BD Biossichestt #%07(5?)5 aad ePJHE di sorders
nerei n i:s | (BDARALLGcRLS04102) VR LRGPEORNYFARL FGAHTHAI Sy al on of 2

conmpound of the invention é) armaceuti cal salt thereof, or
phar maceut i c#&langfongpbi & SeepnchPo-wietl hdsep s lizplata tﬁpreemttlbpdy @alnmrwwlni@raL

preferably 2R (PG PESTRLARLY.2 MTRD) o RELDEKBACLE @B, | 0 need of

preventative 1t eat nent ritis,
ankyl osi h@ s;ﬁhm;dncés #5556 e oall tfarmstweae pflsfmmﬁtfonl.‘&ﬁ@ hrin i the dpﬂmtirasi S,

e o o S PTG B ST b3S 1 o
with the corrmmasﬁc@t #341292) for @8hhif At ANSARDHIcS WPOtich WaBIFedIfX (PBS +

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 Counterscreen: Stimulation of human monocytes for phospho-AKT
expression
A human monocyte cell line, THP-1, was maintained in RPMI + 10% FBS
(Gibco). One day before stimulation, cells were counted using trypan blue
exclusion on a hemocytometer and suspended at a concentration of 1 x 10° cells

20  per mL of media. 100 pL of cells plus media (1 x 10 cells) was then aliquoted per
well of 4-96-well, deep well dishes (Nunc) to test eight different compounds.
Cells were rested overnight before treatment with various concentrations (from
10-0.0003uM) of blocking compound. The compound diluted in media (12 pL)
was added to the cells for 10 min at 37 °C. Human MCP-1 (12 pL, 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. Plates 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 1 mL

30 ofice cold 90% MEOH was added to each 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 (Gibco).



invention is based on a variety of factors, including the type of disease,
the age, weight, sex, nedical condition of the patient, the severity of the
condi ti onwothw/1Iso4be of adm nistration, and the parti culPar/useomos9vd2

enpl oyed. Thus, the dosage regimen may vary w dely, but can be determ ned
routi nely using standard nethods. Dosage |evels of the order from about

0.01 ng to 30 i) ogram of body i ght per day, preferably from about
0.1ng to 10 @?%f?&;r%EQLrpreferably frdwgbout 0.25 ng to 1 ng/ kg are useful

for all nethods of use disclosed herein. The pharnaceutically active
conpounds of Wéshsvisraspiratedandeestls berpsuspesise in fomaagog buiderc Rappit pAKT

conventi onal f gm I | £ f

adm ni strati 6%63@ %O?i%% $1§H$E@| nc &é?}lfg)'lﬁgi%aﬁsaﬁg%%&o%mﬁ%@ml lsl?atll%r or al
adm ni st r at i evith shhlkenph@rehmeentwasatd amhyposiat i H00 mpayfolbé 0 innnt Srepefraamt of , f or
exanpl e, a capsul e tablet, a suspension, or ljquid, Th har.maceut i cal
composi i on Mesgrresatirelis e SRREST b imaiing Ity SecaideNCBIPAhi ng a
gi ven anosint ppht dnkigrabisit ARaicng(SHjEThvitlo@En, 8A2TRY B, at 1l FFOS EWABIdde@BEaI N an
anount of active in%redient,fron1about 1 to 2000 ng, ﬁgeferably f rom about
1 to 500 ny, SReria apreridt dpkiper CSH asBUhen wagedg g{g%uf raud tupriicddt | y dose
for a human qkg Qi REfhuTRMTTREATRYandfs). Wl h¥e ABRRNMNREARdNEeIFRRdi tion of

the patient and other factors, but, once agaln, can be determ ned using
routine net hotwsttingthsfererinneng ergflewicatomatery Gellls oveberuachm ani [siRe HeBeptpn

o eetion 20 g FRMIHALAL Y Kb AL SHEIEERRRLUCIRORRIOE,
0.1 to about oBPAKT inghofmohoadyad pdpadhtdnl478 WO- PCT - 188 - weight, preferably
from about O'éal}lglaa(PooulfltterlsgregH! %%mueig fon' o Elogtr)c%fteesr 1%119 ll%ogﬁh%r-nAKT
expression in mouse bone marrow
Mouse femurs 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 pL) was added to bone marrow cells for 10 min at 37 °C. Mouse MCP-
1 (12 pL, 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 at rt. 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 1500 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



about 0.25 ng to 1 ng/kg. Injectable preparations, such as sterile

i njectabl e ag. or ol eagi nous suspensions, may be fornul ated according to

t he knowwenelwsiTag suitabl e di spersing or wetting agenPsTarsdosospendi ng
agents. The sterile injectable preparation may also be a sterile injectable
solution or suspension in a non-toxic parenterally acceptable diluent or

sol vent, for ex&g{zﬁgsﬁ a solution in g but anedi ol . Anbng the acceptabl e
vehi cl es and ‘%4 &P at may be enpl’oyed are water, Ringer's solution,
and isotonic sodiumchloride solution. In addition, sterile, fixed oils are

convent i onal byffenpicdyieck @sla BIdPhasntingan, 825y dAkvagthee addedperoell o ¥) pur pose
any bland fi )ﬁﬁﬁ aPk! Ar@}‘bf%%k W@]?Xﬁ@drgh&%hﬂﬁb&lgs (ﬁ}iﬂé&ﬁtﬂuﬁﬁwgbgr
y ids”’suc fin

di gl ycerides. I'n addition, fat as ol elc aci use in the
prepar ati on dfleiadReBRBiesicnSuppoST78) htek50,drD 64 BE 4BDaslivsaieses,at i on of t he

exci pi ont  Suco B0 LB A0 BU TR ek ey el e Py did TRl P and 19 o
ordinary tenpesahuh@plcdot 1 hiagRTdvielk stakingl 6Fhd bulf RFREE addbdao asits adl |
therefore nelt in the rectum and rel ease the dr,u%é A suitable topical dose

of active i ngPeitenP0 gpmOEhpBuUnyPemataevphiPHRcd RN §clf errguinsndsh ng
adm ni st er ed i POpgh£ifind Biffer. WeBbRIAPMILBAES, &at ARrdbbART 32847 '50&FLQI’ topi cal
admi ni stration, the active ingredient nmay conprise from0.001%fo 10% w w,
e.g., from 19sigogan BH2iwASgkt 1:600.tvvs addedhior 30 invn at diwithoihgkingt Gelly conpri se

o5 foch 25 10 LS R RIS RPN AR S
t opi cal &M andysiat Cols worelruden b §SRAI dBecs@nDickipson) gadejatedaii ons sui t abl e
for penetrat iC(B"l 1%%8&9 Qo&brl]ee posslftilvr]e c%ﬁs & detérirrlqglengx%EreSsSion levels of pAKT in the
monocyte population.
PAKT in vivo Assay
Vehicle and compounds are 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
1.v (0.2 mLs) of anti-IgM FITC (50 ug/mouse) (Jackson Immuno Research, West
Grove, PA). After 45 min the mice are sacrificed within a CO, chamber. Blood is
drawn via cardiac puncture (0.3 mL) (1cc 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 Phosflow Lyse/Fix
Buffer (BD Bioscience, San Jose, CA), inverted 3X’s and placed in 37 °C water
bath. Half of the spleen is removed and transferred to an eppendorf tube
containing 0.5 mL of PBS (Invitrogen Corp, Grand Island, NY). The spleen is
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 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 conical vial and washed with 9 mL

of PBS. Splenocytes and blood are spun @ 2,000 rpms for 10 min (cold) and



| otions, ointnents, creans, or pastes) and drops suitable for
admnistration to the eye, ear, or nose. For admnistration, the conpounds
of this iwoentowsn4are ordinarily conbined with one or mMPCE/USd)10W3IYLS
appropriate for the indicated route of adm nistration. The conpounds nay be
adm xed with | actose, sucrose, starch powder, cellul ose esters of al kanoic

acids, stearic I c, magnesi um stearate, nagnesi um oxi de, sodi um and
cal ci um sal tééﬁépﬁ’&%ﬁh‘rl c and sul fur'i@?aci ds, A- 1478 WO PCT - 189 -
acacia, gelatin, sodium al gi nate, polyvinyl-pyrrolidine, and/or polyvinyl
al cohol , andbufpt ierspirated. Exiapsutaseadedin 6 mient ¢adh &20 6nPoYosnetayli on.

Al ternativel ] 1R B 41 i el I i saline,
wat er, pol ye%ﬁ?b@zewag]lrﬁg%gw%ﬁgélb{/aﬁgéﬁleﬂlh S;‘;g%% W%ﬁé(ggﬁsqkﬁvﬁg a%(%(a,‘mgleean ut

oi |, cottonseencadiigl isepatie vaitdxedi Tiages aretthergstoredan 206iC wdilicollsscanlfef er s.

O her adj uvant s a d %ggs Olf adm nistration are well known in the

phar maceut i ¢35 " QE8¥P?'8r or diluent may include tinme delay material,

such as giyceryiti-asedNE ahaluaiftiogl yceryl di stearate alone or with a wax,
or other materials well known in the art. The pharmaceutical conpositions

may be made Bedwas cblerigd Pyreq-pidiplRyichiceds Som &S Wisk ik BALEY

supposi tori eRImaAk nlife étﬂahgélkﬁzef Eﬁw.)(aﬁ;dgy 0 beRIré thP0RizatRiS A0S RAS. OF
enul sions). The pharmaceutical conpositions may be subjected to

convent i onal aPoaedriacaeltfor 3l mopandspuorns 18,08hrrs inssesyh nhigeptdiogy tabrd/ or may
cont ai n CO”"gﬂ%dt&{‘B'ickgr%?#)"%?ﬁé iﬁ.ugé‘ra%zeré’E&%e%%e‘éaalkcl‘ir@%qd iﬁtl\f?eﬂh%( hffeEs, wetting
rfers, bu I or ora

agents, emul ers etc. S0l'id dosage for
adm ni str@at i ¢MatrayyTe¢chcCuanpe) anapsarbdst,-70 46lvatiEELIHA has padamderds Miaadegr anul es.

12 SRRl B -SSR RS A AL
on the life of the molecule. Mice were then immunized with either 50 pg of TNP-
LPS (Biosearch Tech., #T-5065), 50 ug of TNP-Ficoll (Biosearch Tech., #F-
1300), or 100 ug 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 h 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 IgG1, 1gG2a,
IgG3 and IgM levels in the sera were then measured via ELISA. TNP-BSA
(Biosearch Tech., #T-5050) was used to capture the TNP-specific antibodies.
TNP-BSA (10 pg/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 #1020-05, 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
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purin-6-amine
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N-((1R)-1-(6-fluoro-3-(2-pyridinyl)-2-quinolinyl)ethyl)-9H-
purin-6-amine

0.2168

N-(1-(6-fluoro-3-(2-pyridinyl)-2-quinolinyl)ethyl)-4- 11.632679
pyrimidinamine

N-(1-(6-fluoro-3-(2-pyridinyl)-2-quinolinyl)ethyl)-4,6- 3.7315
pyrimidinediamine
N~4~-((1R)-1-(6-fluoro-3-(2-pyridinyl)-2-quinolinyl)ethyl)-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-pyridinyl)-2-quinolinyl)ethyl)Jamino)-6- 0.0548
hydroxy-5-pyrimidinecarbonitrile
4-amino-1-((1S)-1-(6-fluoro-3-(2-pyridinyl)-2- 0.0076745
quinolinyl)ethyl)-1H-pyrazolo[3,4-d]pyrimidine-3-carbonitrile
4-amino-1-((1R)-1-(6-fluoro-3-(2-pyridinyl)-2- 0.32
quinolinyl)ethyl)-1H-pyrazolo[3,4-d]pyrimidine-3-carbonitrile
4-amino-6-((1-(5-chloro-3-(2-pyridinyl)-2- 0.0016
quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(((1S)-1-(5-chloro-3-(2-pyridinyl)-2- 0.0004
quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(((1R)-1-(5-chloro-3-(2-pyridinyl)-2- 0.0579
quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
2-((15)-1-((6-amino-5-cyano-4-pyrimidinyl)amino)ethyl)-3-(2- | 0.0141
pyridinyl)-5-quinolinecarbonitrile
2-((1R)-1-((6-amino-5-cyano-4-pyrimidinyl)amino)ethyl)-3-(2- | 2.64
pyridinyl)-5-quinolinecarbonitrile
4-amino-6-((1-(3-(2-pyridinyl)-1,8-naphthyridin-2- 0.225

ylethyl)amino)-5-pyrimidinecarbonitrile




crystallization or sublimation, and then hydrolyzed to deliver the
enantionerically pure conpound. The optically active conpounds of the

i nvent i orwoanid/iskaei se be obtai ned by using active star PCHgSawns899at S.
These isonmers may be in the formof a free acid, a free base, an ester or a
salt. Likew se, the conpounds of this invention may exist as isoners, that

I S conmpounds 0 S nol ecul ar fornuyla but in which the atons, relative
to one anot heﬁ"?“m%‘?g&nged di fferent'lnl’;%3 “I'n particular, the al kyl ene
substituents of the conpounds of this invention, are normally and
preferably arramged-G@hd3{ hropridio)ilit-varthtyriddi-cul es as ip@d#eated in|the
defi ni ti ons | fybethgBeahino)-Stihessdmcoupsnitrlei ng read fromleft to right
However, i n|dettiaoi6-¢bs@Sluomrd (mkthlylseldonyt)-Bipacayii2-wi | | a1p(p)0@b]’ ate that it
i s possi bl e | goinptieyigtkylponpepsigsriofdihdtatbonitint i on i n whji ch these _
substituents 435@116%\5%[.i@.@lubf@_-@(m@ﬂhp@hlfﬁfylj-Sﬂpﬁ&ﬂyxa-to thel @oher atons in the
ol ecul . ThatinofnylhdiByI15HE)-3-40AMidiRedAtdnifiRy ted may bel the sane as

not ed above [@XGRRL-GLHEfEdrol3s 2'-@%&K§l§tﬂfdn9il)‘ﬁhén §-J101 ecul € ¢ h3gne reverse
orientation. qgh%liﬁ%b tﬁgl)éﬂﬂi,nto -@T@Eﬁni&ﬁlkéar L1 gt et haE t helse I someric
forms of thtf4£’afﬁ‘iﬁ LIS oL g £ _ﬂ}mldﬁg}q_g_n are to pe const '(5‘.?6% as em,frrpassed
within the $cope . of) Br eselte 1 nvent | on, Tth&f conpounds| 0 he present

i nvention cafihBe lg'ygemei SR S N O et —fram-aprganic—o
organi ¢ aci ¢ APFAE O LU bR Gigp TRHAY IBEY DR o OPHE 1 ol 1 opi ng:
acetate, adippatBICAYAQINORIHE citrate aspartate benzoate benzenesul fonate,
bi sul fate, bdramiaed-(Catypierapenykzsyneraymehabaning)-gr uchhdt e,

cycl opent an =;9Vﬁﬁ}ild‘m¢=ﬁaﬂ?0nﬂﬁlf9c‘vl sulfate, ethanesulfaonate,| gl ucoheptanoate,

gl ycer ophos pHeaneinoffetisslitdratde(3-flepoplivoatl€- hexanoate, fup@ied e,
hydr ochl or i dguisolini@mury P@ino)-3Pyrimitpdeasboromlele, hydr oijodi de,

2- hydr oxyet hdrmsiubfoe(et@,s-tdabatpbenyhab ¢hboey-2- 0.246
quinolinyl)methyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(((5-fluoro-3-(2-(methylsulfonyl)phenyl)-2- 0.039
quinolinyl)methyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(((5-fluoro-3-(2-pyridinyl)-2- 0.137

quinolinyl)methyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-((-1-(4-(dimethylamino)-6-fluoro-3-(2-pyridinyl)-2- | 0.0014
quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-((-1-(6-fluoro-4-(4-morpholinyl)-3-(2-pyridinyl)-2- | 0.00119
quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile

4-amino-6-((-1-(6-fluoro-4-(3-hydroxy-1-azetidinyl)-3-(2- 0.00178
pyridinyl)-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
2-((15)-1-((6-amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6- 0.0148
fluoro-N,N-dimethyl-3-phenyl-4-quinolinecarboxamide
4-amino-6-(((1S)-1-(6-fluoro-4-(4-morpholinylcarbonyl)-3- 0.000505
phenyl-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(((1S)-1-(6-fluoro-4-(((3S)-3-hydroxy-1- 0.000657

pyrrolidinyl)carbonyl)-3-phenyl-2-quinolinyl)ethyl)amino)-5-
pyrimidinecarbonitrile
4-amino-6-(((1S)-1-(4-((1,1-dioxido-4-thiomorpholinyl)- 0.00124
carbonyl)-6-fluoro-3-phenyl-2-quinolinyl)ethyl)amino)-5-
pyrimidinecarbonitrile

2-((15)-1-((6-amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6- 0.00276
fluoro-3-phenyl-4-quinolinecarbonitrile
2-((15)-1-((6-amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6- 0.00133
fluoro-3-phenyl-4-quinolinecarbonitrile
2-((1R)-1-((6-amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6- 0.0591

fluoro-3-phenyl-4-quinolinecarbonitrile
methyl 2-(-1-((6-amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6- | 0.00156
fluoro-3-phenyl-4-quinolinecarboxylate




met hansul fonat e, nicotinate, 2-naphthal enesul fonate, oxal ate, pal noate,
pecti nate, persul fate, 2-phenyl propionate, picrate, pivalate, propionate,
succi nat eyvotarwrsat4e, thi ocyanate, tosylate, nmesylate, amdTorsd@oasdal e.

Al so, the basic nitrogencontaining groups can be quaternized with such
agents as |ower al kyl halides, such as nethyl, ethyl, propyl, and butyl

chl ori de, am odi des; dial kyl sulfates |ike dinethyl, diethyl,

di butyl, and%ﬂ%@gpflrat es, long cha‘ilﬁaﬁal i des such as decyl, |auryl,
nyristyl and_stearyl chlorides, brom des and iodides, aralkyl halides |ike
benzyl ~and pRelEDR (6mune-detyanedchyointiding))amimodsthyd)-60i | - SOPHR e or
di sper si bl e | fluodudpheml &-qieglalgyarbotydicedl.  Exanpl es of aci ds that npy be
enpl oyed t o | Rr©I8)phEbHraadeoSi@elamoyhdgapinaling] )amind )ahblgl)-t | o086t s 1 ncl ude
such i nor ganicefhago-Gsphasylirduidchih@aiboxgléd skid sul furi c aci d and phosphoric

aci d and su¢h-©Or-g@aninginaGL&anéa-rmhidhydetho)émyIgocihagsd, | 06698l ¢ acid and
citric acid| NORefyl-8XMIRYIeE qhin6liMiderbdrhhilew th al kal i metal s or al kaline
earth metal $4 5Hgh ¢ A3- 12@H1EHFD-3 FEA4 ¢y ‘?dzﬁi Eny(FRUNES DOEH40" W L h
organi c basea%p-ﬂlﬁﬁ)gﬂﬁ%ﬁ&sg yhﬂuchﬁ'é‘ca ARA le the pr esentl inventipon are
phar maceut i ¢ar m8‘-‘6‘: =flTorg-2- h?wb‘ﬂ}yﬂ aﬁéﬂd?’ﬁ&%ﬁ){&a‘rb& 1) 40,0032 Uxé' ¢
contai ni ng ()Bopi%hyllﬂfgulno 11,1‘38)6?11,_}7 Jani no - -py\ru;n dlnqcarbomt ,\9[ na prodryg form
of a Coerourui Of & 1t-S.+ I S | € l| s—ene whi ch
may produce, {Sr «é@? -4 By B‘%hﬁévfg 140 d@Bﬂﬂ ong the

effi cacy of r n.‘-. $\Vara Ho 4iC cohpound

prodrug f or mraniged-GHi @hﬂ“il%foﬁ1 «(3|Rﬁ 3adé

D=C

o ootos

%’EX \1/'e f orm of thed-Acul e as
adni ni st er ed PEUPLIgRYRerbRybrsheydeapennlinghethyaetiové- aft er some in| vi vo
activity or |Byamidipnesrgionttilcon, such as netabolism for exanple, enzymatic
or hydr ol yt i| ¢-ahisenbal§ b-(6-Foproa3-gberet at(1eysmlidgiybmarhnyprle dr U 8706
quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-((-1-(6-fluoro-4-(4-morpholinylcarbonyl)-3-phenyl- | 0.00288
2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-((-1-(6-fluoro-4-(((3S)-3-hydroxy-1- 0.00102
pyrrolidinyl)carbonyl)-3-phenyl-2-quinolinyl)ethyl)amino)-5-
pyrimidinecarbonitrile
4-amino-6-((-1-(6-fluoro-4-(((3R)-3-hydroxy-1-pyrrolidinyl)- 0.00507
carbonyl)-3-phenyl-2-quinolinyl)ethyl)amino)-5-pyrimidine-
carbonitrile
4-amino-6-((1-(4-((1,1-dioxido-4-thiomorpholinyl)carbonyl)-6- | 0.000556
fluoro-3-phenyl-2-quinolinyl)ethyl)amino)-5-pyrimidine-
carbonitrile
4-amino-6-((1-(6-fluoro-4-((3-hydroxy-1-azetidinyl)carbonyl)- | 0.000755
3-phenyl-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-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
quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(((1S)-1-(6-fluoro-3-phenyl-4-(1-piperazinylcarbon- | 0.000248
yl)-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
2-((15)-1-((6-amino-5-cyano-4-pyrimidinyl)amino)ethyl)-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
carbonyl)-3-phenyl-2-quinolinyl)ethyl)amino)-5-pyrimidine-
carbonitrile
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quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile

| 9-apfiino46e(({ 1Y€ Ao Hbuwrordymethosit-3 - abeeylydst al | i ne [s@DO HS
quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(((1R)-1-(6-fluoro-4-methoxy-3-phenyl-2- 0.271
quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(((1S)-1-(3-(3,5-difluorophenyl)-6-fluoro-4- 0.0684
methoxy-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(-1-(6-fluoro-4-((2-methoxyethyl)amino)-3-phenyl- | 0.00135
2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(-1-(4-((2-(dimethylamino)ethyl)amino)-6-fluoro-3- | 0.00133
phenyl-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(((1S)-1-(6-fluoro-4-((2-methoxyethyl)amino)-3- 0.00061
phenyl-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(((1R)-1-(6-fluoro-4-((2-methoxyethyl)amino)-3- 0.0622
phenyl-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(-1-(6-fluoro-4-((2-(methylsulfonyl)ethyl)amino)-3- | 0.000463
phenyl-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(-1-(6-fluoro-4-((2-hydroxyethyl)amino)-3-phenyl- | 0.000396
2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(((1S)-1-(6-fluoro-4-((2- 0.000226
(methylsulfonyl)ethyl)amino)-3-phenyl-2-
quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(((1S)-1-(6-fluoro-4-(methylsulfonyl)-3-phenyl-2- 0.000741
quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
N-(1-(6-fluoro-4- (rnethylsulfonyl) 3-phenyl-2- 0.00234
quinolinyl)ethyl)-9H-purin-6-amine
N-(-1-(5-fluoro-4-(methylsulfonyl)-3-phenyl-2- 0.00224
quinolinyl)ethyl)-9H-purin-6-amine
4-amino-6-((-1-(6-fluoro-4-((R)-(2-hydroxyethyl)sulfinyl)-3- 0.00248
phenyl-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(((1R)-1-(5-fluoro-4-(methylsulfonyl)-3-phenyl-2- 0.466




whi ch can be crystallized fromcomon sol vents such as et hanol,

N, N- di net hyl f or mam de, water, or the like. Thus, crystalline forns of the
conpoundswof2otds1i4nvent i on nmay exi st as pol ynor phs, sol varas2@aacson
hydrates of the parent conpounds or their pharnmaceutically acceptable
salts. Al of such forns |ikewi se are to be construed as falling within the
scope of the |in | O Wil e the conmp ds of the invention can be

admi ni stered‘a Xﬁ‘é’%@?@ active phar maé&gt'i cal agent, they can al so be used
in conbination with one or nore conpounds of the invention or other agents.
Wien adni ni $temeido®s((d St-drifhere-drmetthdsul fosy Bdepitengl-2gent 0@k be
formul at ed agusepaylxiteylponposd-pyomsdindratboartslegi ven at t he sane tine| or
di fferent ti neg]lSpt-(6Hmotdid(mpthyisutfomdpBiphend-panglingdyn @& 0@l 12 ngl e
conposi ti on/| etHyd)-JdpHagnichgning nerely illustrative of thel invention and is
not intendedN_quD M (b-fiudeo-H MR }ﬁlg@quohgﬂgt@ledylsph@ﬁgﬂnﬂpnp@mIlds. Var| ati ons
and changes | whyporharifkvime to one skilled in the art jare intended to be
Wi thin the $Q0pg,aRd (NGRS - FubAHhERNERHBH- wm%ﬂl%ﬂre deg biied T h The
appended cl 4 us{ﬁ%@I 51 fin ﬁ%[hyl)a ﬁo)s §Hﬁ‘i&1ﬂ&afb%h gei ng descri ption, one

skilled in tt ch ristits of

this inventi 4Hanﬁ%%gg® @dﬂ%dré 43(3' rg Wﬁ{y@ﬁﬁﬁ )rgt ang(5 g%%%e t her eof ,
¢ny L‘qhumohnybet,lil 0 -3¢ yrlrm 1negar];>@\ | T

can nmake varm d e € 5] } a. i 0 l9 atapl | t to

various usagé a(f? Bﬁ 1 ‘ ali GP0ZY A cofrpound

havingthes Ay IR e e accenp Of ,

wherein: X1|i{®- hi@ﬁn@flo1@0wonyglr@dwr“wammc))ethyl)- -
ethyl-6-fluoro-3-(pyridin-2-yl)quinoline-4-carboximidamide

(S)-2-(1-(6-Amino-5-cyanopyrimidin-4-ylamino)ethyl)-6- 0.00757
fluoro-N-(2-hydroxyethyl)-3-(pyridin-2-yl)quinoline-4-

carboxamide

(S)-2-(1-(6-Amino-5-cyanopyrimidin-4-ylamino)ethyl)-N- 0.00164

cyclopropyl-6-fluoro-3-(pyridin-2-yl)quinoline-4-carboxamide
2-1-(((6-Amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6-fluoro- | 0.119
3-(2-pyridinyl)-4-quinolinecarboxylic acid
2-(-1-((6-Amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6-fluoro- | 0.00176
N-methyl-3-(2-pyridinyl)-4-quinolinecarboxamide
2-((1R)-1-((6-Amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6- 0.123
fluoro-N-methyl-3-(2-pyridinyl)-4-quinolinecarboxamide
2-(1-((6-Amino-5-cyano-4-pyrimidinyl)amino)ethyl)-6-fluoro- | 0.00777
N,N-dimethyl-3-(2-pyridinyl)-4-quinolinecarboxamide
4-Amino-6-((1-(6-fluoro-4-(1-piperazinylcarbonyl)-3-(2- 0.00429
pyridinyl)-2-quinolinyl)ethyl)amino)-5-pyrimidinecarbonitrile
4-amino-6-(1-(6-fluoro-4-(3-hydroxyazetidine-1-carbonyl)-3- 0.0119
(pyridin-2-yl)quinolin-2-yl)ethylamino)pyrimidine-5-
carbonitrile

For the treatment of PI3Kd-mediated-diseases, such as rheumatoid
arthritis, ankylosing spondylitis, osteoarthritis, psoriatic arthritis, psoriasis,

5 inflammatory diseases, and autoimmune discases, 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
includes, subcutancous, intravenous, intramuscular, intrasternal, infusion

10 techniques or intraperitoneally.



X3isCor NN X4is Cor NN X5is Cor N wherein at |east two of X2, X3,
X4 and X5 are C; Yis N(R8), Oor S; nis O 1, 2or 3; RLis a

di r ect - bowoedio/SiHdal k-1 1 nked, OC - 2al k-1i nked, G -2al k@ciriusk@d/089940- | i nked
sat ur at ed, partially saturat ed or unsaturated 5-, 6- or 7-nenbered
nDnocycllc or 8-, 9-, - or 1l-nmenbered bicyclic ring containing 0, 1, 2,

3 or 4 atons SE {Q’%g omN, O and S, b@t}t contai ning no nore than one Oor
S atom substY 1t 1, 2 or 3 su i"tuents |ndependently sel ected
fromhal o, Cl- alk, G 4ha|oa|k cyano, nitro, - —O) -C(=O R a

-C(=O NR aRa, qﬂmmmﬂahsea@andd dﬁrslﬁépmls@nxeﬂ d\lRaéilQalnChldIXheO) N(R

*S L0y o LR P O 0y oy By B R 2
- EE R% é(N( g??\lg(@;@fm ﬁﬂmﬁnamaaﬂ C&gg‘()ﬁa@@ﬁﬁlﬁato a NORe) @(ﬁ@h@?m(’alq NRaRA
- NRaC2_6al kN% &Nﬁé% nﬁ?ﬁ@f@rgﬁym&@%ﬁlﬁggéﬁq laﬁ’%gféér bon atons of

the ring are a&@nﬁatlom&a{tmeﬁwbx&ihl dls Ufo€ Bx dip10, rhdurfitoid @ekéitiQfanklodke gr oups;
INCO?PO?ATED BY REFERENCE (RULE 20.6)A-1478 WO-PCT - 195 - R2 is sel ected

fromH, hal osPeedybts.lestcenrthrtis prriatic atfhis, pyariasts, mﬁamalatwéﬁﬁase&@(n 0)R a,

-C(=O R a, fohfdhbik ﬁ@asesgf(d:thlg gaNRaRa, -S(=OQR a, -S(=0 2Ra, -35(=0
2NRaRa, -S(=0 2N(Ra)C(=OR a, -S( =0) 2N(Ra) C(=OQ OR a, -S(=0) 2N(Ra)C(=0)NR
aRa; R3 is sel ect diicilpsagekpgiman &or treating PI3yamediacd-disshics, @arergandor

OG - 4hal oal k hyperglycemia with the compounds of this invention and/or compositions of this

10 invention is based on a variety of factors, including the type of disease, the age,
weight, sex, medical condition of the patient, the severity of the condition, the
route of administration, and the particular compound employed. Thus, the dosage
regimen may vary widely, but can be determined routinely using standard
methods. Dosage levels of the order from about 0.01 mg to 30 mg per kilogram

15  of body weight per day, preferably from about 0.1 mg to 10 mg/kg, more
preferably from about 0.25 mg to 1 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

25  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 as a
composition 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



NHC - 4al k, N(C -4alk)C -4alk or C -4haloalk; R4 is, independently, in each
i nstance, halo, nitro, cyano, Cl alk, OC _4alk, OC*hal oalk, NHC 1 alk,

N(C _4al kwQi20thzi5k740 C1- 4hal oal k or an unsaturated 5-, 6- PoT/UR2¢me/0b®nzed
nmonocyclic ring containing O 1, 2, 3 or 4 atons selected fromN, O and S,
but containing no nore than one Oor S, substituted by 0, 1, 2 or 3
substituents selected from hal o, C -4al C _3hal oal k, -0OG -4al k, -NH2,
-NHC _4al k, ﬁs??&mgggendently, in éaﬂgﬁ “instance, H, halo, Cl alk,

C _4haloalk, or Cl alk substituted by 1, 2 or 3 substituents selected from

hal o, cyano, ZightQrefendlkiromiabant k] taGibosh i) owlie, adbmarkprefiHbly D - 4al k,
N(C . 4alk)C : 9“}1 5 groups together forma C3-6spiroal k
substituted t%?/o‘éfbl'i%,mg&%? ibstituents selected from hal o, cyano, CH OCl
alk, Cl alk, C _3hgkcablk prepahtiahk suddHR, stddiCinjdadtte adN oabMaginkus R6 i s H,

hal o, NHRO or OH .R7 is sel.ect rom k al o, G -4hal oal k ano, nitro,
“Q(=OR a, - (LMY im@s&aecor%&ﬁ@smﬁgﬁafe Usi Wby o R a,

- OC( =0) NRs aRalispefXaigoohitn 5Ghd 3RPpendi kNRafraile ifdatfial kORa, - SRa,
-S(=O R a, -3 EOI)@%gRa, - S(giéO 2NRaRg?) - S(@é% .2N( Ra) ¢( =.O)I%R5, -S(=0

2N( Ra) C( =0) ORIeparatign oy 39qhe- tprilo ypetalng so g piasuspqsiRR) e DoNfOH¢

- N( Ra) C( =0) 0§ar%ntemlﬂ(y%}&‘&tf&% Ru@iRBr sol oAb EaNR I @ANRA o NIRR) S(=0)  2Ra,
-N(Ra) S(=0) 2NRaRa, “- NRaC2- 6al kNRaRa, - NRaC2-6al kOR a and Cl-6al k, wherein
the Cl al k i dugnpdiol tAmen thy agreplable vehidesandssolventsrihas neayl becaredoyadom hal o,

0 oo b o S S R B R A ey
- OC2- 6al kNRaRarile, 6k2d 6idd kERanvenSHas!ly-Bita)dd & a-sBved)) ordrspendingO) 2NRaRa,
-S(=0 2N F\>a)rrle izu?gl.RFgI’ this purpose any bland fixed oil may be employed, including
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid find
use in the preparation of injectables.
Suppositories for rectal administration of the drug can be prepared by

15  mixing the drug with a suitable non-irritating excipient such as cocoa butter and
polyethylene glycols that are solid at ordinary temperatures but liquid at the rectal
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% w/w, e.g., from 1% to 2% by weight of the formulation, although it may
comprise as much as 10% w/w, but preferably not more than 5% w/w, and more
preferably from 0.1% to 1% of the formulation.

Formulations suitable for topical administration include liquid or semi-

25  liquid preparations suitable for penetration through the skin (e.g., liniments,
lotions, ointments, creams, or pastes) and drops suitable for administration to the
eye, ear, or nose.

For administration, the compounds of this invention are ordinarily
combined with one or more 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 salts of phosphoric and sulfuric acids,



-S(=0 2N(Ra)C(=O OR a, -S(=0) 2N(Ra) C(=0) NR aRa, -NRaRa, -N(Ra)C(=OR a,
-N(Ra) C(=O OR a, -N(Ra)C(=0)NR aRa, -N(Ra)C(=NR a)NRaRa, -N(Ra)S(=0 2Ra,
| NCORPORAVBR0BYISREFERENCE ( RULE 20. 6) A-1478 WO PCT - 19@CT/UsShi{iRay8i2-0)
2NRaRa, - NRaC2-6al kNR aRa and - NRaC2-6al kOR a, and the C _6alk is
additionally substituted by Cor 1 saturated, partially-saturated or

unsaturated 5- - menber ed nonocyglic rings containing O 1, 2, 3 or
4 atons sel eét éﬁ%méT O and S, but é@ Atai ni ng no nore than one O or S,

wherein the avail able carbon atonms of the ring are substituted by O 1 or 2
0Xx0 or thi oxe@capigptinyediuat plginate, pﬁlmglnrylsp:stm@shm anddr pgly anyhalcghobr 3

S orral oahd HERTIAG USRI E o UMM ninflighfih.  KNAAG IR K O o
P ettt it
D ronber o maRiseb ero o o tob Rhiye ot bt 6 ol ad B2l ngt r om

N, O and §, bubacaeht@iniiang/onQadiseuffean Gne a@[]lﬁiran@,an&ﬁﬁﬁfd@s of the avail abl e
carbon atons of the ring are substituted by 0, 1 or 0XQ or thioxo groups,

wherein the rafiwgnmaﬂga@get Vel kepbip e phamtzcelélcalr aryy Ewl?ﬁ%ﬁt‘ yee| ect ed

f hal im@ el ri as b mONas i
rC?mO) ﬁROaRaOma%cl(léjludQ 40ela Rg%a!fe £ R00 g’%&él:rﬁl IQ( te@d?e 8 Rgly&(rylo & O) NR

a)S(=0 2Ra, dlsmza%allonwmwahav@zzowhkmaterlalsmll lmswﬂ@)l Reart.- S(=0) 2Ra,

-S(=O0 2NRaRa, -S(=0 2N(R
A C=0 R ara, - N SIERAR Slhiion Rk B Bk SR o 2 Nk ara,
- N( Ra) C(E=INR é])lblﬁdﬁ@ graid] dRa p B¢ &y oQR@pomN(rR&))cﬁ(m@)hqﬁi‘dR‘aRa (c.gNRa@2orBal KNR aRa

d - NRaC2_6al kOR th N=C- br,d th
o on ot o Puhetists BB BI I e vl Fomggsitms o e RRiaa Chtr e

ORa, NRaRa, t§{steRichal pkdrmed&dical operations such as sterilization and/or may
contain conventional adjuvants, 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 one 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. Inthe 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 pharmaceutically
acceptable emulsions, solutions, suspensions, syrups, and elixirs containing inert

25  diluents commonly used in the art, such as water. Such compositions may also
comprise adjuvants, such as wetting, sweetening, flavoring, and perfuming agents.

Compounds of the present invention can possess one or more asymmetric
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 diastercoisomeric salts, by treatment

with an optically active acid or base. Examples of appropriate acids are tartaric,
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conpound 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 of a
free acid, a free base, an ester or a salt.

Likewise, the compounds of this invention may exist as isomers, 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,
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hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,
methansulfonate, nicotinate, 2-naphthalenesulfonate, oxalate, palmoate, pectinate,
persulfate, 2-phenylpropionate, picrate, pivalate, propionate, succinate, tartrate,
thiocyanate, tosylate, mesylate, and undecanoate. Also, the basic nitrogen-

5  containing groups 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 iodides, aralkyl
halides like benzyl and phenethyl bromides, and others. Water or oil-soluble or

10  dispersible products are thereby obtained.

Examples of acids that may be employed to from pharmaceutically
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 examples include salts with alkali metals

15  or alkaline earth metals, such as sodium, potassium, calcium or magnesium or
with organic bases.

Also encompassed in the scope of the present invention are
pharmaceutically acceptable esters of a carboxylic acid or hydroxyl containing
group, including a metabolically labile ester or a prodrug form of a compound of

20 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. For a 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 alkyl (for example, methyl,
ethyl), cycloalkyl (for example, cyclohexyl), aralkyl (for example, benzyl, p-

30  methoxybenzyl), and alkylcarbonyloxyalkyl (for example, pivaloyloxymethyl).
Amines have been masked as arylcarbonyloxymethyl substituted derivatives

which are cleaved by esterases in vivo releasing the free drug and formaldehyde
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(Bungaard J. Med. Chem. 2503 (1989)). Also, drugs containing an acidic NH
group, such as imidazole, imide, indole and the like, have been masked with N-
acyloxymethyl groups (Bundgaard Design of Prodrugs, Elsevier (1985)).
Hydroxy groups have been masked as esters and ethers. EP 039,051 (Sloan and
Little, 4/11/81) discloses Mannich-base hydroxamic acid prodrugs, their
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 containing moiety.
Metabolically labile esters, may include, for example, methoxymethyl,
ethoxymethyl, iso-propoxymethyl, oi-methoxyethyl, groups such as o~((C;-Ca)-
alkyloxy)ethyl, for example, methoxyethyl, ethoxyethyl, propoxyethyl, iso-
propoxyethyl, etc.; 2-oxo0-1,3-dioxolen-4-ylmethyl groups, such as 5-methyl-2-
oxo-1,3,dioxolen-4-ylmethyl, etc.; C;-C; alkylthiomethyl groups, for example,
methylthiomethyl, ethylthiomethyl, isopropylthiomethyl, etc.; acyloxymethyl
groups, for example, pivaloyloxymethyl, ai-acetoxymethyl, etc.; ethoxycarbonyl-
I-methyl; or a-acyloxy-oi-substituted methyl groups, for example a-acetoxyethyl.

Further, the compounds of the invention may exist as crystalline solids
which can be crystallized from common solvents such as ethanol, N,N-dimethyl-
formamide, water, or the like. Thus, crystalline forms of the compounds of the
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
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
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.
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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 invention

to adapt it to various usages and conditions.
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We Claim:
1. A compound having the structure:
R6

5  orany pharmaceutically-acceptable salt thereof, wherein:
X'is CR') or N;
X?is CorN;
X is Cor N;
X*is Cor N;
10 X’ is C or N; wherein at least two of Xz, X3, X* and X’ are C;
Y is N(R®), O or S:
nis0, 1,2 or3;
R' is a direct-bonded, C;salk-linked, OC;.alk-linked, C1.alkO-linked or
O-linked saturated, partially-saturated or 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, 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, C;.¢alk,
C1.4haloalk, cyano, nitro, -C(=0)R?, -C(=0)OR®, -C(=0)NR"R?, -C(=NR")NRR",
-OR?, -OC(=0)R?, -OC(=0)NR'R?, -OC(=0)N(R")S(=0),R", -OC,.calkNR"R",
20 -0C,ealkOR? -SR? -S(=0)R?, -S(=0),R* -S(=0),NR"R?, -S(=0),N(R*)C(=O)R?,
-S(=0)NR*)C(=0)OR?, -S(=0),N(RH)C(=O)NR'R?, -NRR?, -N(R)C(=O)R”,
-N(RHC(=0)OR?, -N(R)C(=0)NR'R?, -N(R*)C(=NR*NRR", -N(R")S(=0),R",
-N(RHS(=0),NRR", -NRC,.6alkNR'R" and -NR"C;.¢alkOR", wherein the
available carbon atoms of the ring are additionally substituted by 0, 1 or 2 0xo or

25  thioxo groups;

INCORPORATED BY REFERENCE (RULE 20.6)
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R? is selected from H, halo, Cy.¢alk, Cihaloalk, cyano, nitro, OR®, NR'R?,
-C(=0)R", -C(=0)OR?, -C(=0)NRR?, -C(=NR*)NR'R* -S(=0)R", -S(=O),R",
-S(=0),NRR?, -S(=0),N(R")C(=0)R?, -S(=0),N(R*)C(=0)OR",
-S(=0),N(R*)C(=0)NR"R";

5 R’ is selected from H, halo, nitro, cyano, Cyalk, OC,.4alk, OC_4haloalk,
NHCalk, N(C.4alk)Cy.4alk or C,_shaloalk;

RYis, independently, in each instance, halo, nitro, cyano, Cy_4alk, OCy4alk,
OC|.shaloalk, NHC, 4alk, N(C,_4alk)C; 4alk, C;_shaloalk or an unsaturated 5-, 6- or
7-membered monocyclic ring containing 0, 1, 2, 3 or 4 atoms selected from N, O

10  and S, but containing no more than one O or S, substituted by 0, 1, 2 or 3
substituents selected from halo, Cy_salk, C,_zhaloalk, -OC;_salk, -NH,, -NHC_jalk,
-N(C.4alk)C_salk;

R’ is, independently, in each instance, H, halo, C salk, Cy shaloalk, or
Crealk substituted by 1, 2 or 3 substituents selected from halo, cyano, OH,

15  OCyqalk, Cy4alk, Cishaloalk, OC4alk, NH,, NHC_4alk, N(C.4alk)Cy4alk; or
both R’ groups together form a Cs ¢spiroalk substituted by 0, 1,2 or 3 substituents
selected from halo, cyano, OH, OC; 4alk, Ci 4alk, C;shaloalk, OC;_4alk, NH,,
NHC| 4alk, N(C;_4alk)Cy_salk;

R’ is H, halo, NHR’ or OH;

20 R’ is selected from H, halo, Cy_shaloalk, cyano, nitro, -C(=0)R?,
-C(=0)OR?, -C(=0)NRR?, -C(=NR*)NRR’, -OR", -OC(=0)R", -OC(=0)NR"R",
-OC(=0)N(R")S(=0),R", -OC,.calkNR"R", -OC, calkOR", -SR?, -S(=0)R",
-S(=0)1R?, -S(=0),NRR?, -S(=0),N(R")C(=0)R", -S(=0),N(R")C(=0)OR?,
-S(=0)NR*C(=0)NRR?, -NR*R?, -N(R)C(=0)R?, -N(R")C(=0)OR?,

25  -N(R")HC(=0)NR'R’, -N(R)C(=NR*)NR'R?, -N(R)S(=0),R?,
-N(R"S(=0),NRR", -NR"C,.6alkNR'R", -NR"C,.6alkOR" and C.salk, wherein the
Ci¢alk is substituted by 0, 1 2 or 3 substituents selected from halo, C;_4haloalk,
cyano, nitro, -C(=0)R”, -C(=0)OR", -C(=0)NR"R?, -C(=NR"NR"R, -OR",
-OC(=0)R", -OC(=0)NR'R?, -OC(=0)N(R")S(=0),R", -OC, salkNRR",

30 -0C,6alkOR’, -SR?, -S(=0)R", -S(=0),R" -S(=0),NRR’, -S(=0),N(R*)C(=O)R",
-S(=0),NR)C(=0)0R?, -S(=0),N(R)C(=0)NR'R?, -NR'R?, -N(R)C(=O)R",
-N(RHC(=0)OR?, -N(R)C(=0)NRR?, -N(R*)C(=NR*NRR", -N(R*)S(=0),R",

INCORPORATED BY REFERENCE (RULE 20.6)
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-N(R"S(=0),NRR?, -NRC,.6alk NR*R" and -NR"C, ¢alkOR", and the C_galk is
additionally 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
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 or 3 substituents independently selected from halo,
nitro, cyano, Cy_4alk, OC; 4alk, OC,_shaloalk, NHC salk, 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, cyano, or a saturated, partially-saturated or unsaturated

10 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, 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, C_galk,
Cy.4haloalk, cyano, nitro, -C(=0)R?, -C(=0)OR", -C(=O)NRR?, -C(=NR")NR'R?,

15 -OR% -OC(=0)R", -OC(=O)NRR?, -OC(=0)N(R"S(=0),R?, -OC,.calkNRR?,
-0Cy.6alkOR, -SR?, -S(=0)R?, -S(=0),R", -S(=0),NR"R", -S(=0),N(R")C(=0O)R",
-S(=0),N(R*)C(=0)OR?, -S(=0),N(R")C(=O)NR'R?, -NRR?, -N(R*)C(=O)R”,
-N(R*)C(=0)OR?, -N(R)C(=0)NRR?, -N(R*)C(=NR*)NR'R", -N(R*)S(=0),R",
-N(R")S(=0),NR'R?, -NRC,_¢alkNR°R" and -NR’C;alkOR®; or R” and R’

20  together form a -N=C- bridge wherein the carbon atom is substituted by H, halo,
Ci.¢alk, Cy4haloalk, cyano, nitro, OR®, NR*R?, -C(=0)R", -C(=0)OR",
-C(=O)NR'R, -C(=NR"NRR?, -S(=0)R?, -S(=0),R", -S(=0),NR"R";

R*is H or Ciealk;
R’ is H, Cisalk or C;_shaloalk;

25 R" is H, halo, C;.zalk, Cy_shaloalk or cyano;

R is selected from halo, Ci-galk, Cy_shaloalk, cyano, nitro, -C(=0)R’,
-C(=0)OR?, -C(=0)NR'R?, -C(=NR")NR'R’, -OR", -OC(=0)R", -OC(=0)NR'R",
-OC(=0)N(R")S(=0),R", -OC, calkNR"R", -OC, calkOR", -SR*, -S(=O)R",
-S(=0),R", -S(=0),NR*R?, -S(=0),N(R*)C(=0)R?, -S(=0),N(R*)C(=0)OR?,

30 -S(=0)LN(RM)C(=0)NRR’, -NR'R’, -N(R")C(=0)R", -N(R*)C(=0)OR",
-N(RHC(=0)NR'R?, -N(R")C(=NRNR'R?, -N(R)S(=0),R",
-N(R")S(=0),NR*R?, -NRC,.6alkNR*R* and -NR*C, 6alkOR?;
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R"is independently, at each instance, H or R and

R"is independently, at each instance, phenyl, benzyl or C; alk, the
phenyl, benzyl and C, salk being substituted by 0, 1, 2 or 3 substituents selected
from halo, Cy_4alk, Cy_shaloalk, -OC;_4alk, -NH,, -NHC,_4alk, -N(C;.4alk)C;_salk.

2. A method of 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, systemic
lupus erythematosis (SLE), myestenia gravis, theumatoid arthritis, acute
disseminated encephalomyelitis, idiopathic thrombocytopenic purpura, multiples
sclerosis, Sjoegren’s syndrome and autoimmune hemolytic anemia, allergic
conditions and hypersensitivity, comprising the step of administering a compound

according to Claim 1.

3. A method of treating cancers, which are mediated, dependent on or
associated with p110d activity, comprising the step of administering a compound

according to Claim 1.

4, A pharmaceutical composition comprising a compound according

to Claim 1 and a pharmaceutically-acceptable diluent or carrier.
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