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Electronically Filed

HETEROCYCLIC COMPOUNDS AND THEIR USES

This application claims the benefit of U.S. Provisional Application No.
61/220,259, filed June 25, 2009, which 1s hereby incorporated by reference.

The present invention relates generally to phosphatidylinositol 3-kinase
(PI3K) enzymes, and more particularly to selective inhibitors of PI3K activity and
to methods of using such materials.

BACKGROUND OF THE INVENTION

Cell signaling via 3'-phosphorylated phosphoinositides has been
implicated 1n a variety of cellular processes, ¢.g., malignant transformation,
orowth factor signaling, inflammation, and immunity (see Rameh et al., J. Biol
Chem, 274:8347-8350 (1999) for a review). The enzyme responsible for
generating these phosphorylated signaling products, phosphatidylinositol 3-kinase
(PI 3-kinase; PI3K), was originally 1dentified as an activity associated with viral
oncoproteins and growth factor receptor tyrosine kinases that phosphorylates
phosphatidylinositol (PI) and 1ts phosphorylated derivatives at the 3'-hydroxyl of
the 1nositol 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
factors and many inflammatory stimuli, hormones, neurotransmaitters 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, 1s
involved 1n a wide range of cellular responses including cell growth, migration,
differentiation, and apoptosis (Parker et al., Current Biology, 5:577-99 (1995);
Yao ct al., Science, 267:2003-05 (1995)). Though the downstream targets of
phosphorylated lipids generated following PI 3-kinase activation have not been
fully characterized, 1t 1s known that pleckstrin-homology (PH) domain- and
FY VE-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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containing PI3K effectors have been studied 1n the context of immune cell
signaling, members of the tyrosine kinase TEC family and the serine/threonine
kinases of te AGC family. Members of the Tec family containing PH domains
with apparent selectivity for PtdIns (3,4,5)Ps include Tec, Btk, Itk and Etk.
Binding of PH to PIP; 1s critical for tyrsosine kinase activity of the Tec family
members (Schaeffer and Schwartzberg, Curr.Opin. Immunol. 12: 282-288 (2000))
AGC family members that are regulated by PI3K 1nclude the phosphoinositide-
dependent kinase (PDK1), AKT (also termed PKB) and certain 1soforms of
protein kinase C (PKC) and S6 kinase. There are three 1soforms of AKT and
activation of AKT 1s strongly associated with PI3K- dependent proliferation and
survival signals. Activation of AKT depends on phosphorylation by PDK1, which
also has a 3-phosphoinositide-selective PH domain to recruit it to the membrane
where 1t interacts with AKT. Other important PDK1 substrates are PKC and S6
kinase (Deane and Fruman, Annu.Rev.Immunol. 22 563-598 (2004)). In vitro,
some 1soforms of protein kinase C (PKC) are directly activated by PIP3.
(Burgering ct 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-
inositol-4,5-biphosphate (PIP2) to produce phosphatidylinositol-3-phosphate
(PIP), phosphatidylinositol-3,4-biphosphate, and phosphatidylinositol-3.,4,5-
triphosphate, respectively. Class 11 PI3Ks phosphorylate PI and phosphatidyl-
inositol-4-phosphate, whereas Class II1 PI3Ks can only phosphorylate PI.

The 1nitial purification and molecular cloning of PI 3-kinase revealed that
1t 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 1
PI3Ks have been 1dentified, designated PI3K «, 3, 0, and 'y, each consisting of a
distinct 110 kDa catalytic subunit and a regulatory subunit. More specifically,
three of the catalytic subunits, 1.¢., p110a, p110p and p1100, each mteract with the
same regulatory subunit, p85; whereas pl10y interacts with a distinct regulatory
subunit, pl101. 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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has been accumulated in recent past on the cellular functions of PI 3-kinases in
general, the roles played by the individual 1soforms are not fully understood.

Cloning of bovine p110a has been described. This protein was 1dentified
as related to the Saccharomyces cerevisiae protein: Vps34p, a protein involved in
vacuolar protein processing. The recombinant p110a product was also shown to
associate with p83a, to yield a PI3K activity 1n transtected COS-1 cells. See Hiles
ct al., Cell, 70, 419-29 (1992).

The cloning of a second human p110 1soform, designated p110p, 1s
described 1n Hu et al., Mol Cell Biol, 13:7677-88 (1993). This 1soform 1s said to
assoclate with p&5 1n cells, and to be ubiquitously expressed, as p1 103 mRNA has
been found 1n numerous human and mouse tissues as well as in human umbailical
vein endothelial cells, Jurkat human leukemic T cells, 293 human embryonic
kidney cells, mouse 3T3 fibroblasts, HeLa cells, and NBT2 rat bladder carcinoma
cells. Such wide expression suggests that this 1soform 1s broadly important in
signaling pathways.

Identification of the p1100 1soform of PI 3-kinase 1s described in Chantry
ct al., J Biol Chem, 272:19236-41 (1997). It was observed that the human p1100
1soform 1s expressed 1n a tissue-restricted fashion. It 1s expressed at high levels in
lymphocytes and lymphoid tissues and has been shown to play a key role 1n 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)). P1100 has also been shown to be expressed at lower levels in
breast cells, melanocytes and endothehial cells (Vogt et al. Virology, 344: 131-138

(2006) and has since been implicated 1in conferring selective migratory properties
to breast cancer cells (Sawyer et al. Cancer Res. 63:1667-1675 (2003)). Details
concerning the P1100 1soform 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 o subtypes, the p85 subunit acts to localize PI
3-kinase to the plasma membrane by the interaction of 1ts SH2 domain with

phosphorylated tyrosine residues (present 1 an appropriate sequence context) 1n

target proteins (Rameh et al., Cell, 83:821-30 (1995)). Five 1soforms of p&5 have
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been identified (p8&50a, p85P, p55y, pS5a and p50¢) encoded by three genes.

Alternative transcripts of Pik3rl gene encode the p85 o, p55 o and p50o proteins

(Deane and Fruman, Annu.Rev.Immunol. 22: 563-598 (2004)). p&5a. 18
ubiquitously expressed while p85p, is primarily found in the brain and lymphoid
tissues (Volinia et al., Oncogene, 7:789-93 (1992)). Association of the p&5
subunit to the PI 3-kinase p110a, B, or o catalytic subunits appears to be required
for the catalytic activity and stability of these enzymes. In addition, the binding of
Ras proteins also upregulates PI 3-kinase activity.

The cloning of p110y revealed still further complexity within the PI3K
family of enzymes (Stoyanov et al., Science, 269:690-93 (1995)). The p110y
1soform 1s closely related to pl110a and p110 (45-48% 1dentity 1n the catalytic
domain), but as noted does not make use of p85 as a targeting subunit. Instead,
pl110y binds a p101 regulatory subunit that also binds to the [y subunits of
heterotrimeric G proteins. The p101 regulatory subunit for PI3Kgamma was
originally cloned 1n swine, and the human ortholog 1dentified 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 1s known to activate

PI3Ky through GPy. Recently, a p101-homologue has been 1dentified, p&4 or

p87 ™A (PI3Ky adapter protein of 87 kDa) that binds p110y (Voigt et al. JBC,
281:9977-9986 (2006), Suire et al. Curr.Biol. 15: 566-570 (2005)). p87 ~*" 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,

p87 ™% is highly expressed in the heart and may be crucial to PI3Ky cardiac
function.

A constitutively active PI3K polypeptide 1s described 1n international
publication WO 96/25488. This publication discloses preparation of a chimeric
fusion protein 1n which a 102-residue fragment of p85 known as the inter-SH2
(1ISH2) region 1s fused through a linker region to the N-terminus of murine p110.

The p8&5 1SH2 domain apparently 1s able to activate PI3K activity in a manner
comparable to mtact p85 (Klippel et al., Mol Cell Biol, 14:2675-85 (1994)).
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Thus, PI 3-kinases can be defined by their amino acid 1dentity or by their
activity. Additional members of this growing gene family include more distantly
related lipid and protein kinases including Vps34 TOR1, and TOR2 of Saccharo-
myces cerevisiae (and their mammalian homologs such as FRAP and mTOR), the
ataxia telangiectasia gene product (ATR) and the catalytic subunit of DNA-
dependent protein kinase (DNA-PK). See generally, Hunter, Cell, 83:1-4 (1995).

PI 3-kinase 1s also involved 1n a number of aspects of leukocyte activation.
A p85-associated PI 3-kinase activity has been shown to physically associate with
the cytoplasmic domain of CD28, which is an important costimulatory molecule
for the activation of T-cells 1n response to antigen (Pages ¢t al., Nature, 369:327-
29 (1994); Rudd, Immunity, 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
T cell growth factor (Fraser et al., Science, 251:313-16 (1991)). Mutation of
CD28 such that 1t can no longer interact with PI 3-kinase leads to a failure to
iitiate IL2 production, suggesting a critical role for PI 3-kinase in T cell
activation.

Specific inhibitors against individual members of a family of enzymes
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 1Cso values of wortmannin against cach of the various Class I PI 3-kinases are
in the range of 1-10nM. Similarly, the I1Cs values for LY294002 against cach of
these PI 3-kinases 1s about 1uM (Fruman ¢t al., Ann Rev Biochem, 67:481-507
(1998)). Hence, the utility of these compounds 1n studying the roles of individual
Class I PI 3-kinases 1s limited.

Based on studies using wortmannin, there 1s evidence that PI 3-kinase
function also 1s required for some aspects of leukocyte signaling through G-
protein coupled receptors (Thelen et al., Proc Natl Acad Sc1 USA, 91:4960-64
(1994)). Morecover, it has been shown that wortmannin and LY294002 block
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neutrophil migration and superoxide release. However, inasmuch as these
compounds do not distinguish among the various isoforms of PI3K, 1t remains
unclear from these studies which particular PI3K 1soform or 1soforms are involved
in these phenomena and what functions the different Class I PI3K enzymes
perform 1n both normal and diseased tissues in general. The co-expression of
several PI3K 1soforms 1n most tissues has confounded efforts to segregate the
activities of each enzyme until recently.

The separation of the activities of the various PI3K 1sozymes has been
advanced recently with the development of genetically manipulated mice that
allowed the study of 1soform-specific knock-out and kinase dead knock-in mice

and the development of more selective imnhibitors for some of the different

isoforms. P110o and p110[ 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 (B1 et al. Mamm.Genome,
13:169-172 (2002); Bi et al. J.Biol.Chem. 274:10963-10968 (1999)). More

recently, pl 10 kinase dead knock 1n 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 p110o kinase expression. In contrast to
knock out mice, the knockin approach preserves signaling complex stoichiometry,
scaffold functions and mimics small molecule approaches more realistically than
knock out mice. Similar to the p1100a KO mice, p1100D”** homozygous mice

arc 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
responsiveness to these hormones leads to hyperinsulinacmia, glucose intolerance,

hyperphagia, increase adiposity and reduced overall growth 1n heterozygotes
(Foukas, et al. Nature, 441: 366-370 (2006)). These studies revealed a defined,

non-redundant role for pl110o as an intermediate in IGF-1, insulin and leptin

signaling that 1s not substituted for by other 1soforms. We will have to await the

description of the p110p kinase-dead knock in mice to further understand the
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function of this 1soform (mice have been made but not yet published;
Vanhaescbroeck).
P110y knock out and kinase-dead knock 1n mice have both been generated

and overall show similar and mild phenotypes with primary defects in migration

of cells of the innate immune system and a defect in thymic development of T
cells (L1 et al. Science, 287: 1046-1049 (2000), Sasaki et al. Science, 287: 1040-
1046 (2000), Patrucco et al. Cell, 118: 375-387 (2004)).

Stmilar to p110y, PI3K delta knock out and kinase-dead knock-1n mice

have been made and are viable with mild and like phenotypes. The p1108™°'%%

mutant knock 1n mice demonstrated an important role for delta in B cell
development and 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 p1108°°'* mice have been studied extensively and have elucidated
the diverse role that delta plays in the immune system. T cell dependent and T cell

6D9 10A

independent immune responses are severely attenuated in pl110 and

secretion of TH1 (INF-y) and TH2 cytokine (IL-4, IL-5) are impaired (Okkenhaug
ct al. J.Immunol. 177: 5122-5128 (2006)). A human patient with a mutation in
p1100 has also recently been described. A taiwanese boy with a primary B cell

immunodeficiency and a gamma-hypoglobulinemia of previously unkown

actiology presented with a single base-pair substitution, m.3256G to A in codon
1021 in exon 24 of p1100. This mutation resulted in a mis-sense amino acid
substitution (E to K) at codon 1021, which 1s located 1n the highly conserved

catalytic domain of p1100 protein. The patient has no other identified mutations

and his phenotype is consistent with p1100 deficiency in mice as far as studied.
(Jou ¢t al. Int.J. Immunogenet. 33: 361-369 (2006)).

Isoform-selective small molecule compounds have been developed with
varying success to all Class I PI3 kinase 1soforms (Ito et al. J. Pharm. Exp.
Therapeut., 321:1-8 (2007)). Inhibitors to alpha are desirable because mutations 1n
pl10o have been identified in several solid tumors; for example, an amplification

mutation of alpha 1s associated with 50% of ovarian, cervical, lung and breast
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cancer and an activation mutation has been described in more than 50% of bowel
and 25% of breast cancers (Hennessy et al. Nature Reviews, 4: 988-1004 (2005)).
Y amanouchi has developed a compound YM-024 that inhibits alpha and delta
cequi-potently and 1s 8- and 28-fold selective over beta and gamma respectively

(Ito et al. J.Pharm.Exp.Therapeut., 321:1-8 (2007)).

P110p3 is involved in thrombus formation (Jackson ¢t al. Nature Med. 11:

507-514 (2005)) and small molecule inhibitors specific for this isoform are
thought after for indication involving clotting disorders (TGX-221: 0.007uM on
beta; 14-fold selective over delta, and more than 500-fold selective over gamma
and alpha) (Ito et al. J.Pharm.Exp.Therapeut., 321:1-8 (2007)).

Selective compounds to p110y are being developed by several groups as

immunosuppressive agents for autormmune disease (Rueckle et al. Nature
Reviews, 5: 903-918 (2006)). Of note, AS 605240 has been shown to be

ctficacious 1n a mouse model of rheumatoid arthritis (Camps ¢t al. Nature

Medicine, 11: 936-943 (2005)) and to delay onset of disecase 1n a model of
systemic lupus erythematosis (Barber et al. Nature Medicine, 11: 933-935 (205)).
Delta-selective mnhibitors have also been described recently. The most

selective compounds include the quinazolinone purine inhibitors (PIK39 and

IC87114). IC87114 inhibits p1100 in the high nanomolar range (triple digit) and
has greater than 100-fold selectivity against p110¢., 1s 52 fold selective against

p110P but lacks sclectivity 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 1n addition to playing a key role in B and T cell activation, delta 1s also
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); Al 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

inflammatory conditions, including but not limited to autoirmmune disecase and

allergy. To support this notion, there is a growing body of p1100 target validation
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data derived from studies using both genetic tools and pharmacologic agents.
Thus, using the delta-selective compound IC 87114 and the p1108™'** mice, Ali
ct al. (Nature, 431: 1007-1011 (2002)) have demonstrated that delta plays a

critical role 1n a murine model of allergic disease. In the absence of functional
delta, passive cutancous anaphylaxis (PCA) 1s significantly reduced and can be
attributed to a reduction 1n allergen-IgE induced mast cell activation and
degranulation. In addition, inhibition of delta with IC 87114 has been shown to
significantly ameliorate inflammation and disease in a murine model of asthma

using ovalbumin-induced airway inflammation (Lee et al. FASEB, 20: 455-465

8D9 10A

(2006). These data utilizing compound were corroborated i p110 mutant

mice using the same model of allergic airway inflammation by a different group
(Nashed et al. Eur.J.Immunol. 37:416-424 (2007)).

There exists a need for further characterization of PI3Ko function in
inflammatory and auto-immune settings. Furthermore, our understanding of
PI3K0 requires further elaboration of the structural interactions of p1100, both
with 1ts regulatory subunit and with other proteins 1n the cell. There also remains a
need for more potent and selective or specific inhibitors of PI3K delta, in order to
avold potential toxicology associated with activity on 1sozymes p110 alpha
(insulin signaling) and beta (platelet activation). In particular, selective or specific
inhibitors of PI3Ko are desirable for exploring the role of this 1sozyme further and
for development of superior pharmaceuticals to modulate the activity of the

1S0Zyme.

Summary

The present invention comprises a new class of compounds having the

general formula
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which are useful to inhibit the biological activity of human PI3Ko. Another aspect
of the invention 1s to provide compounds that inhibit PI3Ko selectively while
having relatively low inhibitory potency against the other PI3K 1soforms. Another
aspect of the invention 1s to provide methods of characterizing the function of
human PI3Ko. Another aspect of the invention 1s to provide methods of
selectively modulating human PI3Ko activity, and thereby promoting medical
treatment of disecases mediated by PI3Ko dysfunction. Other aspects and
advantages of the invention will be readily apparent to the artisan having ordinary
skill in the art.

Detailed Description
One aspect of the present invention relates to compounds having the

structure:
R, x1 RS
o
27N Y
2 2
R I NS
|
Y 2 X
R N X3
or any pharmaceutically-acceptable salt thereof, wherein:
X' is C or N;
X*is C(RY) or N;
X is C(R”) or N;
X*is C(R”) or N;

X is C(R4) or N: wherein no more than two of X%, X°, X" and X are N;
Y is NR’, CR*R?, S or O;
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nis 0, 1,2 or 3;

R' is selected from H, halo, Cisalk, C;4haloalk, cyano, nitro, -C(=0)R",
-C(=0)0OR", -C(=O)NRR", -C(=NR")NR'R", -OR", -OC(=0O)R", -OC(=O)NRR",
-OC(=0O)N(RHS(=0),R", -OC,6alkNR"R", -OC,6alkOR", -SR®, -S(=O)R",
-S(=0),R", -S(=0),NR"R", -S(=0),N(RHC(=O)R", -S(=0),N(R"HC(=0)OR",
-S(=0),N(RHC(=O)NR'R", -NR"'R", -N(R)C(=O)R", -N(R")C(=0)OR",
-N(RHC(=O)NR'R", -N(R")C(=NR")NR'R®, -N(R")S(=0),R",
-N(RHS(=0),NR"R?, -NR"C,6alkNR"R", -NR"C,_6alkOR", -NR"C,_alkCO,R",
“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(=O)R", -CH,OC(=O)NR"R",
-CH,OC(=O)N(RH)S(=0),R", -CH,0C,6alkNR"R", -CH,0OC,alkOR", -CH,SR",
-CH,S(=0)R*, -CH,S(=0),R", -CH,S(=0),NR*R?, -CH,S(=0),N(R*)C(=0)R?,
-CH,S(=0);N(RHC(=0)OR", -CH,S(=0),N(RHC(=0O)NR'R", -CH,NR"R",
-CH,;N(RHC(=0)R", -CH,N(R")C(=0)OR?, -CH,N(R*)C(=O)NR"R",
-CHN(RHC(ENRHNRRY, -CH,N(RMHS(=0),R®, -CHLN(RY)S(=0),NRR",
-CH,NR"C,6alkNRR", -CH,NR"C,.6alkOR", -CH,NR"C,6alkCO,R" and
-CH,NRC; 6alkSO,R; or R' is a direct-bonded, C; 4alk-linked, OC salk-linked,
CialkO-linked, N(R")-linked or O-linked saturated, partially-saturated or
unsaturated 3-, 4-, 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, C,_4haloalk, cyano, nitro,
-C(=0)R?, -C(=0)OR", -C(=O)NR'R", -C(=NR")NR'R", -OR", -OC(=0O)R",
-OC(=O)NRR?, -OC(=O)N(RH)S(=0),R", -OC,6alkNR"R", -OC,alkOR", -SR",
-S(=O)R", -S(=0),R", -S(=0),NR"R", -S(=0),N(R*)C(=O)R",
-S(=0),N(RH)C(=0)OR", -S(=0),N(R")C(=O)NR'R", -NR"R", -N(R")C(=O)R",
-N(RHC(=0)OR?, -N(RHC(=O)NR'R", -N(R)HC(=NR")NRR", -N(RH)S(=0),R",
-N(RH)S(=0),NR"R", -NR"C,¢alkNR"R" and -NR"C,_6alkOR", wherein the
available carbon atoms of the ring are additionally substituted by 0, 1 or 2 oxo or
thioxo groups, and wherein the ring 1s additionally substituted by 0 or 1 directly
bonded, SO, linked, C(=0) linked or CH, linked group selected from phenyl,
pyridyl, pyrimidyl, morpholino, piperazinyl, piperadinyl, pyrrolidinyl,

PCT/US2010/040027



WO 2010/151791

10

15

20

25

30

CA 02765823 2011-12-16
PCT/US2010/040027

12

cyclopentyl, cyclohexyl all of which are further substituted by 0, 1, 2 or 3 groups
selected from halo, Cialk, C,_shaloalk, cyano, nitro, -C(=0)R", -C(=O)OR",
-C(=O)NR"R", -C(=NR")NR'R", -OR", -OC(=0O)R", -SR", -S(=0)R", -S(=0),R",
-S(=0),NR"R", -NR"R®, and -N(R")C(=O)R";

R” is selected from halo, C)salk, Ci4haloalk, cyano, nitro, -C(=O)R?,
-C(=0)0OR", -C(=O)NRR", -C(=NR"NR'R", -OR", -OC(=O)R", -OC(=O)NRR",
-OC(=0)N(R"S(=0),R", -OC,alkNR"R", -OC,6alkOR", -SR", -S(=0O)R",
-S(=0),R", -S(=0),NR"R", -S(=0),N(RHC(=O)R", -S(=0),N(R"HC(=0)OR",
-S(=0),N(RHC(=O)NR'R", -NR"R", -N(R)C(=0O)R?, -N(R")C(=0)OR",
-N(R)C(=O)NRR?, -N(R*)C(=NR*)NRR", -N(R")S(=0),R",
-N(RHS(=0),NR"R?, -NR"C,6alkNR"R" and -NR"C,_salkOR";

R’ is selected from a 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 sclected from N, O and S, but containing no more than one O or
S, wherein the available carbon atoms of the ring are substituted by 0, 1 or 2 oxo
or thioxo groups, wherein the ring is substituted by 0 or 1 R” substituents, and the
ring 1S additionally substituted by 0, 1, 2 or 3 substituents independently selected
from halo, C;_¢alk, C;shaloalk, cyano, nitro, -C(=0O)R", -C(=O)OR",
-C(=O)NR"R", -C(=NR")NR'R", -OR", -OC(=O)R", -OC(=O)NR"R",
-OC(=0)N(R"S(=0),R", -OC,alkNR"R", -OC,6alkOR", -SR", -S(=0O)R",
-S(=0),R", -S(=0),NR"R", -S(=0),N(RHC(=O)R", -S(=0),N(R"HC(=0)OR",
-S(=0),N(RHC(=O)NR'R", -NR"R", -N(R)C(=0O)R?, -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,.6alkNR*R* and -NR*C,_salkOR?; or R’ is selected
from halo, C;_salk, Ci_shaloalk, cyano, nitro, -C(=O)R", -C(=0)OR",
-C(=O)NR"R", -C(=NR")NR'R", -OR", -OC(=0O)R", -OC(=O)NR"R",
-OC(=O)N(R")S(=0),R", -OC,6alkNR"R", -OC,6alkOR", -SR", -S(=0)R",
-S(=0),R", -S(=0),NR"R", -S(=0),N(RHC(=O)R", -S(=0),N(RHC(=0)OR",
-S(=0),N(RH)C(=O)NR'R", -NR"R", -N(RH)C(=0O)R", -N(R")C(=0)OR",
-N(R")C(=O)NRR?, -N(R")C(=NR*)NRR", -N(R")S(=0),R",
-N(RH)S(=0),NR"R", -NR"C,_6alkNR"R" and -NR"C,_salkOR",
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R" is, independently, in each instance, H, halo, nitro, cyano, C;_salk,
OCi_4alk, OC;_shaloalk, NHC,;_jalk, N(C;_4alk)C,_salk, C(=O)NH,,
C(=0O)NHC,_jalk, C(=O)N(C,_salk)C,_salk, N(H)C(=0)C,_4alk, N(C;-
4alk)C(=0)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 tfrom halo, C;_salk, Ci3haloalk, -OC;_salk, -NH,, -NHC,;_salk,
-N(C,4alk)C_salk;

R’ is, independently, 1in each 1nstance, H, halo, nitro, cyano, C;_jalk,
OCi_salk, OC;_shaloalk, NHC;_salk, N(C,_4alk)C;_salk or C;_shaloalk;

R® is selected from halo, cyano, OH, OC,alk, Cy_salk, C;_shaloalk, OC,.
salk, NH,, NHC,_salk, N(C,_4alk)C;_salk, -C(=0O)OR", -C(=O)N(R"R",
“N(R*)C(=0)R" and a 5- or 6-membered saturated or partially saturated
heterocyclic ring containing 1, 2 or 3 heteroatoms selected from N, O and S,
wherein the ring 1s substituted by 0, 1, 2 or 3 substituents selected from halo,
cyano, OH, oxo, OC,_jalk, Cy4alk, Cihaloalk, OC,_4alk, NH,, NHC,_salk and
N(Ci_4alk)C_salk;

R’ is H, Cygalk, -C(=O)N(RHR?, -C(=0)R" or C,_shaloalk;

R® is selected from 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 sclected from N, O and S, but containing no more than one O or
S, wherein the available carbon atoms of the ring are substituted by 0, 1 or 2 oxo
or thioxo groups, wherein the ring is substituted by 0 or 1 R” substituents, and the
ring 18 additionally substituted by 0, 1, 2 or 3 substituents independently selected
from halo, C;_salk, Ci_shaloalk, cyano, nitro, -C(=O)R", -C(=0)OR",
-C(=O)NRR?, -C(=NR")NRR", -OR", -OC(=O)R", -OC(=O)NR'R",
-OC(=0)N(R%HS(=0);R", -OC,6alkNRR", -OC,alkOR", -SR", -S(=O)R",
-S(=0),R", -S(=0),NR"R?, -S(=0),N(RH)C(=0O)R", -S(=0),N(RH)C(=0O)OR",
-S(=0),N(R")C(=0O)NRR", -NR'R", -N(RH)C(=O)R", -N(R*)C(=0O)OR",
-N(R)C(=O)NR'R", -N(R")C(=NR")NR'R", -N(R")S(=0),R",
N(RYS(=0),NR’R?, -NR*C,6alkNR*R" and -NR*C, salkOR®; or R® is selected
from H, halo, C_alk, C;_shaloalk, cyano, nitro, -C(=0O)R", -C(=O)OR",
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-C(=O)NR'R", -C(=NR")NR'R", -OR", -OC(=0O)R", -OC(=O)NR"R",
-OC(=O)N(R")S(=0),R", -OC;6alkNR"R", -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(RH)C(=O)NR'R", -NR"R", -N(R")C(=O)R", -N(R")C(=0)OR",
-N(RH)C(=0O)NR'R", -N(R")C(=NR")NR'R", -N(R")S(=0),R",
-N(RH)S(=0),NR"R", -NR"C,6alkNR"R" and -NR"C,_6alkOR";

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

R® is independently, at each instance, phenyl, benzyl or C,salk, the
phenyl, benzyl and C,_salk being substituted by 0, 1, 2 or 3 substituents selected
from halo, Cy_salk, Ci_shaloalk, -OC,_salk, -NH,, -NHC_jalk, -N(C,_4alk)C,_salk.

Another aspect of the invention 1s a compound having the structure

(RG)n/ Y)(1 RS
S~
R N~
R? I N ngg)
|
R N/ x5 X
or any pharmaceutically-acceptable salt thereof, wherein:
X' is C or N;
X*is C(RY) or N;
X*is C(R”) or N;
X*is C(R”) or N;

X° is C(R4) or N; wherein no more than two of X%, X°, X" and X are N:

nis 0, 1,2 or 3;

R' is selected from H, halo, C,alk, C,4haloalk, cyano, nitro, -C(=0)R?,
-C(=0)0OR", -C(=O)NRR", -C(=NR")NR'R", -OR", -OC(=0O)R", -OC(=O)NRR",
-OC(=0O)N(RHS(=0),R", -OC,salkNR"R", -OC,_alkOR", -SR®, -S(=O)R",
-S(=0),R", -S(=0),NR"R", -S(=0);N(RHC(=O)R", -S(=0),N(R"HC(=0)OR",
-S(=0),N(RHC(=O)NRR", -NR"R", -N(RHC(=0)R?, -N(RH)C(=0)OR",
-N(RHC(=O)NR'R", -N(R")C(=NR")NR'R", -N(R")S(=0),R",
-N(RH)S(=0),NR"'R", -NR"C,6alkNR"R" and -NR"C,_6alkOR"; or R' is a direct-

PCT/US2010/040027
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bonded, C_salk-linked, OC,zalk-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, C;_4haloalk, cyano, nitro,
-C(=0O)R?, -C(=O)OR", -C(=O)NR'R", -C(=NR*)NR"R", -OR", -OC(=O)R",
-OC(=O)NRR?, -OC(=O)N(RH)S(=0),R", -OC,6alkNR"R", -OC,_6alkOR", -SR",
-S(=O)R", -S(=0),R", -S(=0),NR"R", -S(=0),N(R")C(=O)R",
-S(=0),N(RH)C(=0)OR?, -S(=0),N(R")C(=O)NR'R", -NR"R", -N(R")C(=O)R",
-N(RHC(=0)OR?, -N(RHC(=O)NRR", -N(R)C(=NR")NRR", -N(RH)S(=0),R",
-N(RH)S(=0),NR"R", -NR"C,_salkNR"R" and -NR"C,_6alkOR", wherein the
available carbon atoms of the ring are additionally substituted by 0, 1 or 2 oxo or
thioxo groups;

R* is selected from halo, Csalk, C4haloalk, cyano, nitro, -C(=0)R",
-C(=0)0OR", -C(=O)NRR", -C(=NR")NR'R", -OR", -OC(=0O)R", -OC(=O)NRR",
-OC(=0O)N(R"HS(=0),R", -OC,6alkNR"R", -OC,_alkOR", -SR®, -S(=O)R",
-S(=0),R", -S(=0),NR"R", -S(=0),N(RHC(=O)R", -S(=0),N(R"HC(=0)OR",
-S(=0),N(RHC(=O)NRR", -NR"R", -N(RHC(=0)R?, -N(RH)C(=0)OR",
-N(RHC(=O)NR'R", -N(R")C(=NR")NR'R", -N(R")S(=0),R",
-N(RM)S(=0),NR"'R", -NR"C,6alkNR"R" and -NR"C,_6alkOR"; or R' and R*
together form a saturated or partially-saturated 2-, 3-, 4- or 5-carbon bridge
substitued by 0, 1, 2 or 3 substituents selected from halo, cyano, OH, OC,4alk, C;.
salk, Cishaloalk, OC;_salk, NH,, NHC, jalk and N(C;_4alk)C,_jalk;

R” is selected from a 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 sclected from N, O and S, but containing no more than one O or
S, wherein the available carbon atoms of the ring are substituted by 0, 1 or 2 oxo
or thioxo groups, wherein the ring is substituted by 0 or 1 R” substituents, and the
ring 1S additionally substituted by 0, 1, 2 or 3 substituents independently selected
from halo, C;_salk, C; shaloalk, cyano, nitro, -C(=O)R", -C(=O)OR",
-C(=O)NR"R", -C(=NR")NR'R", -OR", -OC(=O)R", -OC(=O)NR"R",
-OC(=0O)N(R"HS(=0),R", -OC,6alkNR"R", -OC,_alkOR", -SR®, -S(=O)R",
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-S(=0),R", -S(=0),NR"R", -S(=0),N(RHC(=O)R", -S(=0),N(R"HC(=0)OR",
-S(=0),N(RH)HC(=O)NR'R", -NR"R", -N(R)C(=0O)R", -N(R")C(=0)OR",
-N(RHC(=O)NR'R", -N(R")C(=NR")NR'R", -N(R*)S(=0),R",
-N(RH)S(=0),NR"R", -NR"C,¢alkNR"R" and -NR"C,_6alkOR"; or R° is selected
from halo, C;_¢alk, C;shaloalk, cyano, nitro, -C(=0O)R", -C(=O)OR",
-C(=O)NR"R", -C(=NR")NR'R", -OR", -OC(=O)R", -OC(=O)NR"R",
-OC(=O)N(RHS(=0),R", -OC,6alkNR"R", -OC,_alkOR", -SR®, -S(=O)R",
-S(=0),R", -S(=0),NR"R", -S(=0),N(RHC(=O)R", -S(=0),N(R"HC(=0)OR",
-S(=0),N(RHC(=O)NR'R", -NR"R", -N(R)C(=0O)R?, -N(R")C(=0)OR",
-N(RHC(=O)NR'R", -N(R")C(=NR")NR'R®, -N(R*)S(=0),R",
-N(RHS(=0),NR"R?, -NR"C,6alkNR"R" and -NR"C,_salkOR";

R" is, independently, 1n each instance, H, halo, nitro, cyano, C;_salk,
OC,_4alk, OC,_shaloalk, NHC,_jalk, N(C,_4alk)C,_salk, C,_shaloalk or an
unsaturated 5-, 6- or 7-membered monocyclic ring containing 0, 1, 2, 3 or 4 atoms
selected from N, O and S, but containing no more than one O or S, substituted by
0, 1, 2 or 3 substituents selected from halo, C;_salk, C;_shaloalk, -OC;4alk, -NH,,
-NHC,_jalk, -N(C,_4alk)C;_salk;

R’ is, independently, 1n each instance, H, halo, nitro, cyano, C;_salk,
OCi4alk, OC;_shaloalk, NHC;_salk, N(C,_4alk)C;_4alk or C;_shaloalk;

R is selected from halo, cyano, OH, OC,_alk, C,_4alk, Ci_shaloalk, OC;.
salk, NH,, NHC,_jalk, N(C;4alk)C;_salk;

R’ is H, C; salk or C;_4haloalk;

R°® is selected from 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, 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 or 1 R” substituents, and the
ring 1s additionally substituted by 0, 1, 2 or 3 substituents independently selected
from halo, C;_salk, C;shaloalk, cyano, nitro, -C(=O)R", -C(=O)OR",
-C(=O)NR"R", -C(=NR")NR'R", -OR", -OC(=0O)R", -OC(=O)NR"R",
-OC(=0O)N(R"HS(=0),R", -OC,6alkNR"R", -OC,_alkOR", -SR®, -S(=O)R",
-S(=0),R", -S(=0),NR"R", -S(=0);N(RHC(=O)R", -S(=0),N(R"HC(=0)OR",
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-S(=0);N(R")C(=O)NR'R", -NR"R", -N(R)C(=0)R", -N(R")C(=0)OR",
-N(R")C(=0O)NR'R", -N(R")C(=NR")NR'R", -N(R")S(=0),R",
-N(RH)S(=0),NR"'R", -NR"C,6alkNR"R" and -NR"C,_salkOR"; or R® is selected
from H, halo, C,_alk, Ci_shaloalk, cyano, nitro, -C(=O)R", -C(=0)OR",
-C(=0)NR'R", -C(=NR")NR'R", -OR", -OC(=0O)R", -OC(=O)NR"R",
-OC(=O)N(RHS(=0),R", -OC,6alkNR"R", -OC,¢alkOR", -SR", -S(=0)R",
-S(=0);R%, -S(=0),NRR?, -S(=0),N(R*)C(=0O)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)OR",
-N(RH)C(=0O)NR'R", -N(R")C(=NR")NR"R", -N(R")S(=0),R",
-N(RHS(=0),NR"R", -NR"C,6alkNR"R" and -NR"C,_6alkOR";

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

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
from halo, C,_alk, C,_zhaloalk, -OC,_salk, -NH,, -NHC,_jalk, -N(C,_salk)C,_salk.

In another embodiment, 1n 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.

In another embodiment, 1n conjunction with any of the above or below
embodiments,

X is C(R™);

X is C(R”);

X*is C(R”); and

X’ is C(RY).

In another embodiment, 1n conjunction with any of the above or below
embodiments,

X* is N:

X is C(R”);

X*is C(R”); and

X’ is C(RY).

In another embodiment, 1n conjunction with any of the above or below

embodiments,
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X is C(R™);
X is N:
X*is C(R”); and
X’ is C(RY).
5 In another embodiment, in conjunction with any of the above or below
embodiments,
X is C(R™);
X is C(R”);
X" is N: and
10 X’ is C(RY).
In another embodiment, in conjunction with any of the above or below
embodiments,
X is C(R™);
X is C(R”);
15 X*is C(R”); and
X is N.
In another embodiment, in conjunction with any of the above or below
embodiments, the compounds have the structure

8
/N\/R

RS/\/\NH
2
CHS\/lX/ SN X3

| \
R1/\N/\ 4,)(4

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

embodiments, the compounds have the structure
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)\/R8
|

RS/\/\NH

2
CH3\/'K/ X%x3
| \

R1/\N/\ 23

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

embodiments, the compounds have the structure

/N\/H

RS/\/\NH

2
CHS\)\/ X%x3
| \

4

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

embodiments, the compounds have the structure

| \
R'I/\N/\ //X4

In another embodiment, in conjunction with any of the above or below
embodiments, R’ is selected from Cisalk and C;shaloalk.

In another embodiment, in conjunction with any of the above or below
embodiments, R' is a direct-bonded 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,
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Cishaloalk, cyano, nitro, -C(=O)R", -C(=0)OR", -C(=O)NRR", -C(=NR")NR"R",
-OR", -OC(=O)R", -OC(=O)NRR", -OC(=O)N(R"S(=0),R", -OC,6alkNR"R",
-0C,6alkOR", -SR", -S(=0)R", -S(=0),R", -S(=0),NR"R", -S(=0),N(R")C(=0O)R",
-S(=0),N(RH)C(=0)OR?, -S(=0),N(R")C(=O)NR'R", -NR"R", -N(R")C(=O)R",
-N(RH)C(=0)OR?, -N(RHC(=O)NRR®, -N(R)C(=NR")NRR", -N(RH)S(=0),R",
-N(RHS(=0),NR"R", -NR"C,_salkNR"R" and -NR"C,_6alkOR", wherein the
available carbon atoms of the ring are additionally substituted by 0, 1 or 2 oxo or
thioxo groups.

In another embodiment, 1n conjunction with any of the above or below
embodiments, R' is a direct-bonded 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 atom, substituted by 0, 1, 2 or 3 substituents independently
selected from halo, C;_alk, C,_shaloalk, cyano, nitro, -C(=O)R", -C(=O)OR",
-C(=O)NR"R", -C(=NR")NR'R", -OR", -OC(=O)R", -OC(=O)NR"R",
-OC(=0)N(R")S(=0),R", -OC,_4alkNR"R", -OC,_4alkOR", -SR", -S(=0)R”",
-S(=0),R", -S(=0),NR"R", -S(=0),N(RHC(=O)R", -S(=0),N(RHC(=0)OR",
-S(=0),N(RHC(=O)NRR", -NR"R", -N(RHC(=0O)R", -N(RH)C(=0O)OR",
-N(R")C(=O)NRR®, -N(R")C(=NR*)NRR", -N(R")S(=0),R",
-N(RHS(=0),NR"R", -NR"C,_salkNR"R" and -NR"C,_6alkOR", wherein the
available carbon atoms of the ring are additionally substituted by 0, 1 or 2 oxo or
thioxo groups.

In another embodiment, 1n conjunction with any of the above or below
embodiments, R' is phenyl or pyridine, both of which are substituted by 0, 1, 2 or
3 substituents independently selected from halo, Cysalk and C;_4haloalk.

In another embodiment, 1n conjunction with any of the above or below
embodiments, R' is a methylene-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 sclected 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, C;_shaloalk, cyano, nitro, -C(=O)R",
-C(=0)0OR", -C(=O)NRR", -C(=NR"NR'R", -OR", -OC(=O)R", -OC(=O)NRR",
-OC(=0)N(RMS(=0),R", -OC,_4alkNR"R", -OC,_4alkOR", -SR", -S(=0)R",
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-S(=0),R", -S(=0),NR"R", -S(=0),N(R")C(=0O)R", -S(=0),N(R")C(=0)OR",
-S(=0),N(RH)C(=0O)NRR®, -NR"R", -N(RH)C(=O)R", -N(R")C(=0)OR",
-N(R)C(=O)NR'R", -N(R")C(=NR")NR'R", -N(R")S(=0),R",
-N(RHS(=0),NR"R", -NR"C,6alkNR"R" and -NR"C,_¢alkOR", wherein the
available carbon atoms of the ring are 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 an ethylene-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 seclected 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, C,_shaloalk, cyano, nitro, -C(=O)R", -C(=O)OR",
-C(=O)NRR?, -C(=NR")NRR", -OR", -OC(=O)R", -OC(=O)NR'R",
-OC(=0)N(R%HS(=0),R", -OC,alkNR"R", -OC,_alkOR", -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",
-S(=0),N(R")C(=0O)NRR", -NR"R", -N(RH)C(=O)R", -N(R*)C(=0O)OR",
-N(R)C(=O)NR'R", -N(R")C(=NR")NR'R", -N(R")S(=0),R",
-N(R)S(=0),NR"R", -NR"C,_6alkNR"R" and -NR"C,_6alkOR", wherein the
available carbon atoms of the ring are 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 selected from halo, Cisalk, Ci_4haloalk, cyano, nitro,
-C(=0O)R", -C(=0O)OR", -C(=O)NRR", -C(=NR")NR'R", -OR", -OC(=0)R",
-OC(=0O)NR'R", -OC(=O)N(RH)S(=0),R", -OC,alkNR"R", -OC,alkOR", -SR",
-S(=0)R", -S(=0),R", -S(=0),NR'R", -S(=0),N(R")C(=0)R",
-S(=0),N(RHC(=0)OR", -S(=0),N(R")C(=O)NR'R", -NR"R", -N(R")C(=0O)R",
-N(RHC(=0)OR", -N(RHC(=O)NR'R", -N(RH)C(=NR")NR"R", -N(R")S(=0),R",
-N(RHS(=0),NRR?, -NR"C,alkNR"R" and -NR"C,_¢alkOR".

In another embodiment, in conjunction with any of the above or below
embodiments, R” is selected from halo, C;.calk and C;_shaloalk.

In another embodiment, 1n conjunction with any of the above or below

embodiments, R* is H.
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In another embodiment, in conjunction with any of the above or below
embodiments, R' and R” together form a saturated or partially-saturated 2-, 3-, 4-
or 5-carbon bridge substitued by 0, 1, 2 or 3 substituents selected from halo,
cyano, OH, OC,_jalk, C;4alk, C,shaloalk, OC,_4alk, NH,, NHC,; jalk and
N(Ci_4alk)Ci4alk.

In another embodiment, in conjunction with any of the above or below
embodiments, R° is selected from saturated, partially-saturated or unsaturated 5-,
6- or 7-membered monocyclic ring containing 0, 1, 2, 3 or 4 atoms sclected from
N, O and S, but containing no more than one O or S, wherein the available carbon
atoms of the ring are substituted by 0, 1 or 2 oxo or thioxo groups, wherein the
ring 18 additionally substituted by 0, 1, 2 or 3 substituents independently selected
from halo, C;_salk, C;_shaloalk, cyano, nitro, -C(=O)R", -C(=0)OR",
-C(=O)NR"R", -C(=NR")NR'R", -OR", -OC(=0O)R", -OC(=O)NR"R",
-OC(=O0)N(R")S(=0),R", -OC,_4alkNR"R", -OC,_4alkOR", -SR", -S(=0)R",
-S(=0),R", -S(=0),NR"R?, -S(=0),N(RH)C(=0O)R", -S(=0),N(RH)C(=0O)OR",
-S(=0),N(RHC(=O)NR'R", -NR"R", -N(R)C(=0O)R?, -N(R")C(=0)OR",
-N(R)C(=O)NRR?, -N(R*)C(=NR*)NRR", -N(R")S(=0),R",
-N(RHS(=0),NRR?, -NR"C,alkNR"R" and -NR"C,_¢alkOR".

In another embodiment, in conjunction with any of the above or below
embodiments, R” is selected from saturated 5-, 6- or 7-membered monocyclic ring
containing 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 1s additionally substituted by 0, 1,
2 or 3 substituents independently selected from halo, C,_salk, C,_shaloalk, cyano,
nitro, -C(=0)R", -C(=0)OR", -C(=O)NR'R", -C(=NR")NRR", -OR", -OC(=0)R",
-OC(=O)NRR?, -OC(=O)N(RH)S(=0),R", -OC,6alkNR"R", -OC,_6alkOR", -SR",
-S(=O)R", -S(=0),R", -S(=0),NR"R", -S(=0),N(R")C(=O)R",
-S(=0),N(RH)C(=0)OR?, -S(=0),N(R")C(=O)NR'R", -NR"R", -N(R")C(=O)R",
-N(RHC(=0)OR?, -N(RHC(=O)NRR", -N(R)C(=NR")NRR", -N(RH)S(=0),R",
-N(RHS(=0),NR"'R", -NR"C, salkNR"R" and -NR"C,_salkOR".

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

embodiments, R” is selected from saturated 5-, 6- or 7-membered monocyclic ring
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containing 1, 2, 3 or 4 atoms selected from N, O and S, but containing no more
than one O or S, wherein the ring 1s substituted by 0, 1, 2 or 3 substituents
independently selected from halo, C,_salk and C;_shaloalk.

In another embodiment, in conjunction with any of the above or below
embodiments, R” is selected from saturated 6-membered monocyclic ring
containing 1 or 2 atoms selected from N, O and S, but containing no more than
on¢ O or S, wherein the ring 1s substituted by 0, 1, 2 or 3 substituents
independently selected from halo, C,_salk and C;_shaloalk.

In another embodiment, in conjunction with any of the above or below
embodiments, R° is selected from saturated 6-membered monocyclic ring
containing 1 or 2 atoms selected from N, O and S, but containing no more than
onc O or S.

In another embodiment, in conjunction with any of the above or below
embodiments, R is selected from halo, C_alk, C;_shaloalk, cyano, nitro,
-C(=0O)R?, -C(=0)OR", -C(=O)NR'R", -C(=NR")NR'R", -OR", -OC(=O)R",
-OC(=O)NRR?, -OC(=O)N(RH)S(=0),R", -OC,salkNR"R", -OC,_6alkOR", -SR",
-S(=O)R", -S(=0),R", -S(=0),NR"R", -S(=0),N(R*)C(=O)R",
-S(=0),N(RH)C(=0)OR?, -S(=0),N(R")C(=O)NR'R", -NR"R", -N(R")C(=O)R",
-N(RHC(=0)OR?, -N(RHC(=O)NRR", -N(RHC(=NR")NR'R", -N(RH)S(=0),R",
-N(RHS(=0),NR"R?, -NR"C,alkNR"R" and -NR"C,_¢alkOR".

In another embodiment, in conjunction with any of the above or below
embodiments, R® is selected from 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 seclected 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 or 1 R’
substituents, and the ring 1s additionally substituted by 0, 1, 2 or 3 substituents
independently selected from halo, C;_salk, C;_shaloalk, cyano, nitro, -C(=0O)R",
-C(=0)OR", -C(=O)NR'R", -C(=NR")NR'R", -OR", -OC(=0O)R", -OC(=O)NR'R",
-OC(=0O)N(RHS(=0),R", -OC,6alkNR"R", -OC,_alkOR", -SR®, -S(=O)R",
-S(=0),R", -S(=0),NR"R", -S(=0);N(R)C(=O)R", -S(=0),N(R"HC(=0)OR",
-S(=0),N(RHC(=O)NR'R", -NR"'R", -N(R)C(=O)R", -N(R")C(=0)OR",
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-N(RHC(=O)NR'R", -N(R")C(=NR")NR'R®, -N(R")S(=0),R",
-N(RHS(=0),NRR?, -NR"C,alkNR"R" and -NR"C,_¢alkOR".

In another embodiment, 1n conjunction with any of the above or below
embodiments, R® is selected from saturated, partially-saturated or unsaturated 5-,
6- or 7-membered monocyclic ring containing 0, 1, 2, 3 or 4 atoms sclected from
N, O and S, but containing no more than one O or S, wherein the available carbon
atoms of the ring are substituted by 0, 1 or 2 oxo or thioxo groups, wherein the
ring 18 substituted by 0, 1, 2 or 3 substituents independently selected from halo,
Cisalk, Cy4haloalk, cyano, nitro, -C(=O)R", -C(=0)OR", -C(=O)NR'R",
-C(=NR")NRR", -OR", -OC(=0O)R", -OC(=O)NR'R", -OC(=O)N(RHS(=0),R",
-0OC,6alkNRR", -OC,6alkOR", -SR", -S(=0)R", -S(=0),R", -S(=0),NR"R",
-S(=0),N(RHC(=O)R", -S(=0),N(RHC(=0)OR?, -S(=0),N(RH)C(=O)NRR",
-NR'RY, -N(R)C(=0)R", -N(R)C(=0)OR", -N(R")C(=O)NRR",
-N(RHC(=NR")NR'R", -N(R)S(=0),R", -N(R")S(=0),NR"R", -NR"C, salkNR"R"
and -NR"C,_¢alkOR".

In another embodiment, 1n conjunction with any of the above or below
embodiments, R° is selected from saturated 5-, 6- or 7-membered monocyclic ring
containing 1 or 2 atoms selected from N, O and S, but containing no more than
one O or S, wherein the ring 1s substituted by 0, 1, 2 or 3 substituents
independently selected from halo, C,_salk and C,_shaloalk.

In another embodiment, in conjunction with any of the above or below
embodiments, R® is selected from halo, Cialk, Ci_4haloalk, cyano, nitro,
-C(=0)R?, -C(=0)OR", -C(=O)NR'R", -C(=NR")NR'R", -OR", -OC(=0O)R",
-OC(=O)NRR?, -OC(=O)N(RH)S(=0),R", -OC,salkNR"R", -OC,_salkOR", -SR",
-S(=O)R", -S(=0),R", -S(=0),NR"R", -S(=0),N(R*)C(=O)R",
-S(=0),N(RH)C(=0)OR", -S(=0),N(R")C(=O)NR'R", -NR"R", -N(R")C(=O)R",
-N(RHC(=0)OR?, -N(RHC(=O)NR'R", -N(R)HC(=NR")NRR", -N(RH)S(=0),R",
-N(RHS(=0),NRR?, -NR"C,alkNR"R" and -NR"C,_¢alkOR".

In another embodiment, in conjunction with any of the above or below
embodiments, R® is cyano.

Another aspect of the invention relates to a method of treating PI3K-

mediated conditions or disorders.
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In certain embodiments, the PI3K-mediated condition or disorder 1s
selected from rheumatoid arthritis, ankylosing spondylitis, osteoarthritis, psoriatic
arthritis, psoriasis, inflammatory diseases, and autoimmune discases. In other
embodiments, the PI3K- mediated condition or disorder 1s selected from
cardiovascular discases, atherosclerosis, hypertension, deep venous thrombosis,
stroke, myocardial infarction, unstable angina, thromboembolism, pulmonary
embolism, thrombolytic discases, acute arterial 1schemia, peripheral thrombotic
occlusions, and coronary artery disecase. In still other embodiments, the PI3K-
mediated condition or disorder 1s selected from cancer, colon cancer,
glioblastoma, endometrial carcinoma, hepatocellular cancer, lung cancer,
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 1s selected from type II diabetes. In still other embodiments, the PI3K-
mediated condition or disorder 1s selected from respiratory diseases, bronchitis,
asthma, and chronic obstructive pulmonary disease. In certain embodiments, the
subject 1s a human.

Another aspect of the invention relates to the treatment of rheumatoid
arthritis, ankylosing spondylitis, osteoarthritis, psoriatic arthritis, psoriasis,
inflammatory diseases or autormmune diseases comprising the step of
administering a compound according to any of the above embodiments.

Another aspect of the invention relates to the treatment of 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,
rheumatoid arthritis, acute disseminated encephalomyelitis, 1diopathic
thrombocytopenic purpura, multiples sclerosis, Sjoegren’s syndrome and

autoimmune hemolytic anemia, allergic conditions and hypersensitivity,
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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 that are

mediated, dependent on or associated with p1100 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
selected from acute myeloid leukaemia, myelo-dysplastic syndrome, myelo-
proliferative diseases, chronic myeloid leukaemia, T-cell acute lymphoblastic
lcukaemia, 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.

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.

Another aspect of the invention relates to the use of a compound according
to any of the above embodiments 1n the manufacture of a medicament for the
treatment of rheumatoid arthritis, ankylosing spondylitis, osteoarthritis, psoriatic
arthritis, psoriasis, inflammatory disecases, and autoirmmune discases.

The compounds of this invention may have in general several asymmetric
centers and are typically depicted in the form of racemic mixtures. This invention
1s intended to encompass racemic mixtures, partially racemic mixtures and
separate enantiomers and diasteromers.

Unless otherwise specified, the following definitions apply to terms found

in the specification and claims:

“Co-palk” means an alkyl group comprising a minimum of & and a maximum of 3
carbon atoms 1n a branched, cyclical or linear relationship or any combination of
the three, wherein o and B represent integers. The alkyl groups described in this

section may also contain one or two double or triple bonds. Examples of Cy_galk

include, but are not limited to the following:
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"Benzo group", alone or in combination, means the divalent radical C4Hg=, one

representation of which 1s -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 1n carbonyl) and =S (as
in thiocarbonyl), respectively.

“Halo” or “halogen” means a halogen atoms selected from F, Cl, Br and 1.
“Cv.whaloalk” means an alk group, as described above, wherein any number--at
lecast one--of the hydrogen atoms attached to the alkyl chain are replaced by F, Cl,
Br or 1.

“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 1n the claims include, but are not limited to, the following:

O S N N N O O N

O 0000 (W
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and

“Co-psprroalk™” means a geminally-attached alkyl ring comprising a minimum of «

and a maximum of 3 carbon atoms that is attached to a chain or another ring—

e

“Available nitrogen atoms” are those nitrogen atoms that are part of a heterocycle

such as:

and are joined by two single bonds (¢.g. piperidine), leaving an external bond
available for substitution by, for example, H or CHs.
"Pharmaceutically-acceptable salt” means a salt prepared by conventional means,
and are well known by those skilled 1in the art. The "pharmacologically
acceptable salts” include basic salts of inorganic and organic acids, including but
not limited to hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid,
methanesulfonic acid, ethanesulfonic acid, malic acid, acetic acid, oxalic acid,
tartaric acid, citric acid, lactic acid, fumaric acid, succinic acid, maleic acid,
salicylic acid, benzoic acid, phenylacetic acid, mandelic acid and the like. When
compounds of the invention include an acidic function such as a carboxy group,
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

of "pharmacologically acceptable salts,” see infra and Berge et al., J. Pharm. Sci.
66:1 (1977).
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“Saturated, partially saturated or unsaturated” includes substituents saturated with
hydrogens, substituents completely unsaturated with hydrogens and substituents
partially saturated with hydrogens.

"Leaving group" generally refers to groups readily displaceable by a nucleophile,
such as an aminge, a thiol or an alcohol nucleophile. Such leaving groups are well
known 1n 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.
"Protecting group" generally refers to groups well known 1n 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
limited to, aralkyl, substituted aralkyl, cycloalkenylalkyl and substituted
cycloalkenyl alkyl, allyl, substituted allyl, acyl, alkoxycarbonyl, aralkoxycarbony],
silyl and the like. Examples of aralkyl include, but are not limited to, benzyl, ortho-
methylbenzyl, trityl and benzhydryl, which can be optionally substituted with
halogen, alkyl, alkoxy, hydroxy, nitro, acylamino, acyl and the like, and salts, such
as phosphonium and ammonium salts. Examples of aryl groups include phenyl,
naphthyl, indanyl, anthracenyl, 9-(9-phenylfluorenyl), phenanthrenyl, durenyl and
the like. Examples of cycloalkenylalkyl or substituted cycloalkylenylalkyl radicals,
preferably have 6-10 carbon atoms, include, but are not limited to, cyclohexenyl
methyl and the like. Suitable acyl, alkoxycarbonyl and aralkoxycarbonyl groups
include benzyloxycarbonyl, t-butoxycarbonyl, 1so-butoxycarbonyl, benzoyl,
substituted benzoyl, butyryl, acetyl, trifluoroacetyl, trichloro acetyl, phthaloyl and
the like. A 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 aralkyl 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, maletmidyl and the like
and where these heterocyclic groups can further include adjoining aryl and

cycloalkyl rings. In addition, the heterocyclic groups can be mono-, di- or tri-
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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 amino protecting groups are also suitable for protecting carboxy, hydroxy and
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mercapto groups. For example, aralkyl groups. Alkyl groups are also suitable
oroups for protecting hydroxy and mercapto groups, such as tert-butyl.

Silyl protecting groups are silicon atoms optionally substituted by one or more
alkyl, aryl and aralkyl groups. Suitable silyl protecting groups include, but are
not limited to, trimethylsilyl, triethylsilyl, triissopropylsilyl, 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 1s readily accomplished by treatment with, for
example, a metal hydroxide or ammonium fluoride reagent, either as a discrete
reaction step or 1n situ during a reaction with the alcohol group. Suitable
silylating agents are, for example, trimethylsilyl chloride, tert-butyl-dimethylsilyl
chloride, phenyldimethylsilyl chloride, diphenylmethyl silyl chloride or their
combination products with imidazole or DMF. Methods for silylation of amines
and removal of silyl protecting groups are well known to those skilled 1n the art.
Methods of preparation of these amine derivatives from corresponding amino
acids, amino acid amides or amino acid esters are also well known to those skilled
in the art of organic chemistry including amino acid/amino acid ester or
aminoalcohol chemistry.

Protecting groups are removed under conditions which will not affect the
remaining portion of the molecule. These methods are well known 1n 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
oroup by hydrogenolysis utilizing palladium on carbon in a suitable solvent
system such as an alcohol, acetic acid, and the like or mixtures thercof. A t-
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
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dioxane or methylene chloride. The resulting amino salt can readily be
necutralized to yield the free amine. Carboxy protecting group, such as methyl,
cthyl, benzyl, tert-butyl, 4-methoxyphenylmethyl and the like, can be removed
under hydrolysis and hydrogenolysis conditions well known to those skilled 1n the
art.

It should be noted that compounds of the invention may contain groups that may
¢x1st 1n tautomeric forms, such as cyclic and acyclic amidine and guanidine
groups, heteroatom substituted heteroaryl groups (Y'= O, S, NR), and the like,

which are illustrated 1n the following examples:
NR' NHR'

A ¢R/KNR" RHN/ER'R"
4 T NR /4 \\\\ NHR

NH <= N )\
> // NHR“ NHR"
Y’ Y'H Y’
e
Y' ———— Y' —=— | Y’
. -

O O O O OH

OH
R)\/”\ R’ R/”\/”\ R' RJJ\)\ R’

and though one form 1s named, described, displayed and/or claimed herein, all the
tautomeric forms are intended to be inherently included 1in such name, description,
display and/or claim.

Prodrugs of the compounds of this invention are also contemplated by this
invention. A prodrug 1s an active or mactive compound that 1s modified
chemically through 1n vivo physiological action, such as hydrolysis, metabolism
and the like, into a compound of this mvention following administration of the
prodrug to a patient. The suitability and techniques involved in making and using
prodrugs are well known by those skilled 1n the art. For a general discussion of
prodrugs mvolving esters see Svensson and Tunek Drug Metabolism Reviews 165

(1988) and Bundgaard Design of Prodrugs, Elsevier (1985). Examples of a
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masked carboxylate anion include a variety of esters, such as alkyl (for example,
methyl, ethyl), cycloalkyl (for example, cyclohexyl), aralkyl (for example, benzyl,
p-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
(Bungaard J. Med. Chem. 2503 (1989)). Also, drugs containing an acidic NH
oroup, 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.

The specification and claims contain listing of species using the language
“selected from ... and .. .” and “1s ... or...” (sometimes referred to as Markush
oroups). When this language 1s used 1n this application, unless otherwise stated 1t
1s meant to include the group as a whole, or any single members thercof, or any
subgroups thercof. The use of this language 1s merely for shorthand purposes and
1S not meant 1n any way to limit the removal of individual elements or subgroups

as needed.
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Experimental

The following abbreviations are used:

aq. - aqueous

BINAP - 2,2°-bis(diphenylphosphino)-1,1’°-binaphthyl

concd - concentrated

DCM - dichloromethane

DMEF - N, N-dimethylformamide

DMSO- dimethylsulfoxide

Et,O - dicthyl ether

EtOAC - cthyl acetate

EtOH - cthyl alcohol

h - hour(s)

min - minutes

MeOH - methyl alcohol

NMP- 1-methyl-2-pyrrolidinone

It - room temperature

satd - saturated

TFA- trifluoroacetic acid

THF — tetrahydrofuran

X-Phos- 2-dicyclohexylphosphino-2°,4°,6’-tri-1sopropyl-1,1°-
biphenyl

General

Reagents and solvents used below can be obtained from commercial sources. 'H-
NMR spectra were recorded on a Bruker 400 MHz and 500 MHz NMR
spectrometer. Significant peaks are tabulated in the order: number of protons,
multiplicity (s, simnglet; d, doublet; t, triplet; q, quartet; m, multiplet; br s, broad
singlet) , and coupling constant(s) m Hertz (Hz). Mass spectrometry results are
reported as the ratio of mass over charge, followed by the relative abundance of
cach 1on (1n parentheses Electrospray 1onization (ESI) mass spectrometry analysis
was conducted on a Agilent 1100 series LC/MSD c¢lectrospray mass spectrometer.

All compounds could be analyzed 1n the positive ESI mode using
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acctonitrile: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-CI18 5um column (4.6 x 150 mm) as the stationary phase and cluting with
acctonitrile:H,O with 0.1% TFA. Reverse phase semi-prep HPLC was carried out
using a Agilent 1100 Series on a Phenomenex Gemini * 10um C18 column (250
x 21.20 mm) as the stationary phase and eluting with acetonitrile:H,O with 0.1%
TFA.

Procedure A

/@ EtO2C R2 R
T Rp— — I /@—(R )
y 1/n
HN 07N Z

A mixture of the substituted aniline (1 equiv.) in pyridine (2 equiv.) was treated
with diethyl alkylmalonate (1.5 equiv.) and the stirred mixture was heated at 130
°C for 24 h. After this time the reaction was treated with diethyl akylmalonate (0.5
equiv.) and heated at 130 °C for an additional 12 h. After this time the reaction
was cooled to rt and evaporated under reduced pressure. The crude product was
taken up in DCM, washed with satd aq. bicarbonate and the separated organic
layer was dried over magnesium sulfate, filtered and evaporated under reduced
pressure. The crude product was dissolved 1n benzene and evaporated under
reduced pressure. The crude product was purified by column chromatography on
silica (using a gradient of hexanes:EtOAc, 1:0 to 3:1 as cluant) to provide ethyl
substituted phenylamino-oxopropanoates.

Procedure B
EtO,C Rz Ay HOC Rz
O N O N
H H

A mixture of the ethyl substituted phenylamino-oxopropanoate (1 equiv.) in THF-

water (4:1, 0.878M) was treated with sodium hydroxide (1.2 equiv.) and stirred at
rt for 1 h. After this time the reaction was acidified to pH 2 with concd HCI and
then 1t was extracted with EtOAc. The separated organic layer was dried over
magnesium sulfate, filtered and evaporated under reduced pressure to give

substituted phenylamino-oxopropanoic acids.
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Procedure C

OH
HOXC Ry A\ NP
0™ "N HO” NTF

A mixture of phenylamino-oxopropanoic 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 1M aq. sodium hydroxide and dried under vacuum to
oive substituted quinoline diols.

Procedure D

OH Cl
Rox N X o N
| P /_(R1)n | P /_(R1)n
HO” N Cl N
A mixture of the quinoline diol (1 equiv.) and phosphorus oxychloride (10 equiv.)
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
magnesium sulfate, filtered and evaporated under reduced pressure. The product
was then purified by column chromatography (using a 9 to 1 mixture of hexanes

and EtOAc as cluant) to give the substituted dichloroquinolines.

Procedure E

Cl Cl
RZ

XX _ R e
L R, m(R1)"
Cl N R N Z

3

A mixture of the substituted dichloroquinoline (1 equiv.), the Stille reagent (1
cquiv.) and tetrakis(triphenylphosphine)palladium (0.1 equiv.) 1n toluene (0.21M)
was heated at reflux overnight. After this time the reaction was cooled to rt and
treated with EtOAc and water. The separated organic layer was dried over
magnesium sulfate, filtered and evaporated in vacuo. Column chromatography

gave the substituted 4-chloro quinolines.
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Procedure F

CI Cl

R2 AN AN o RZ AN AN
| R T TR
Cl N R N =

3

A mixture of the substituted dichloroquinoline (1 equiv.), the boronic acid (1
equiv.), sodium carbonate (2 equiv.) and tetrakis(triphenylphosphine)palladium
(0.1 equiv.) 1in toluene-water (5:2, 0.15M) was heated at reflux overnight. After
this time the reaction was cooled to rt and treated with EtOAc and water. The
separated organic layer was dried over magnesium sulfate, filtered and evaporated

in vacuo. Column chromatography gave the substituted 4-chloro quinolines.

Procedure G

Cl Cl
Ry

XN _ R o
1 R f:O—(m)n
Cl N R N =

3

A mixture of the substituted dichloroquinoline (1 equiv.) and the amine (R3-H, 1
equiv.) in isopropanol (0.4M) was heated in a sealed tube overnight at 85 °C. The
reaction was cooled to rt and concd to dryness under reduced pressure. The
residue was then purified by medium pressure chromatography to give the
corresponding substituted 4-chloroquinolines.

Procedure H

CI R4
R2 A R2 NN
I _ /_(R1)n > ‘ P /_(R1)n
R4 N R3 N of
Br R4
e O
—(R1)n T (R1)n
~
Ry ONT NP Ry SNT NF

A mixture of the substituted 4-chloroquinoline or 4-bromoquinoline (1 equiv.) and
the amine (R4-H, 1.1 equiv.), sodium zerz-butoxide (2.5 equiv.), X-Phos (0.16
cequiv.) and tris(dibenzylidencacetone)dipalladium(0) (0.04 equiv.) 1n a suitable

solvent (0.5M) was heated in an oil bath or a microwave reactor at 110 °C for 45

min. The reaction was cooled to rt and diluted with water. The mixture was
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extracted with EtOAc, DCM or a 10% MeOH : DCM mixture. The combined
organic layers were dried over magnesium sulfate and filtered. The filtrate was
concd under reduced pressure and the residue was then purified by medium

pressure chromatography to give the corresponding substituted quinolines.

Procedure 1

Cl Cl
R2 YT N _ R2 AN
‘ Z /_(R1)n | P T (R
Cl N R N =
3 or
Br Br
Ry XN R2 Y N
| TR > L R
Br” NT NF R3™ N

A mixture of the substituted 4-chloroquinoline or 4-bromoquinoline (1 equiv.), the

other nitrogen containing reagent (Rs-H, 1.1 equiv.), potassium carbonate (2.5
equiv.), di-tert-butyl(2',4',6'-trusopropyl-3,4,5,6-tetramethylbiphenyl-2-yl)-
phosphine (0.05 equiv.), activated three angstrom molecular sieves and tris(di-
benzylidencacetone)dipalladium(0) (0.02 equiv.) 1n a suitable solvent (0.5M) was
heated in an oil bath or a microwave reactor at 110 °C for 3 h. The reaction was
cooled to rt and filtered. To the filtrate was added water and the mixture was
extracted with EtOAc, DCM or a 10% MeOH : DCM mixture. The combined
organic layers were dried over magnesium sulfate and filtered. The filtrate was
concd under reduced pressure and the residue was then purified by medium
pressure chromatography to give the corresponding substituted quinolines.

Procedure J

Me O

A mixture of the aminobenzoic acid (1.3 equiv.) and the aryl propanone (1.0
cquiv.) 1n phosphorous oxychloride (0.5M) was heated to 90 °C for 2 h then
concd under reduced pressure. The concentrate was partitioned between DCM
and satd aq. sodium bicarbonate solution, stirring vigorously for 1 h. The organic

extract was washed with water then brine, stirred over anhydrous magnesium
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sulfate, filtered and the filtrate concd under reduced pressure. The product was
1solated by column chromatography on silica gel, eluting with EtOAc gradient in
hexane.

Procedure K

/X ‘ Rg
i Cl R, N N
2 TR X\ R8 R2 N
e e
R N R Z NH N 2 1/n
3 7 2 R3 N
Method 1:

A mixture of the substituted quinoline (1.0 equiv.), the substituted aniline (1.0
cquiv.) and 4.0N hydrochloric acid solution in 1,4-dioxane (1.0 equiv.) in MecOH
(0.4M) was heated 1n a microwave at 150 °C for 2 h. The reaction was partitioned
between 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, which was 1solated by column
chromatography on silica gel.

Method 2:

A mixture of the substituted quinoline (2.0 equiv.), the substituted aniline (1.0
equiv.) and 4N hydrochloric acid in 1,4-dioxane (0.1 equiv.) in 1-methyl-2-
pyrrolidinone (0.8M) was heated 1n a microwave at 150 °C for 4 h. The reaction
was partitioned between EtOAc and satd aq. sodium bicarbonate. The organic
separation was washed with water then brine, stirred over anhydrous magnesium
sulfate, filtered and the filtrate concd under reduced pressure to afford product,
which was 1solated by chromatography on silica gel.

Example 1: N-(2,5-di-4-Morpholinylphenyl)-8-fluoro-3-methyl-2-(2-
pyridinyl)-4-quinolinamine

4,4'-(2-Nitro-1,4-phenylene)dimorpholine
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4-(4-Bromo-2-nitrophenyl)morpholine (500 mg, 1.74 mmol), morpholine (0.3
mL, 3.48 mmol), Pd,dbas (112 mg, 0.12 mmol), X-Phos (125 mg, 261 umol) and
sodium tert-butoxide were suspended 1n toluene (71.0 mL, 666 mmol) and heated
at reflux for 2 h. After this time the reaction was cooled to rt and evaporated in
vacuo. The residue was taken up 1n EtOAc (80 mL) and washed with NaHCOs
(satd aq. solution, 40 mL) and brine (40 mL). The separated organic layer was
dried over magnesium sulfate, filtered and evaporated in vacuo. Column
chromatography (hexanes:EtOAc, 1:0 to 1:2) gave 4,4'-(2-nitro-1,4-
phenylene)dimorpholine. Mass Spectrum (ESI) m/e = 294.2 (M + 1).

2,5-Dimorpholinoaniline

To a stirred solution of 4,4'-(2-nitro-1,4-phenylene)dimorpholine (5.6 g, 19 mmol)
in EtOAc (90 mL) was added stannous chloride, dihydrate (18 g, 95 mmol). The
reaction was stirred at rt for 10 min and at reflux for 90 min. After this time the
reaction was cooled to rt and a precipitate formed. The precipitate was collected
and washed with 1N NaOH (40 mL), water (50 mL) and brine (50 mL) and dried
under vacuum overnight. After this time the solid was dissolved 1n EtOAc (200
mL) and washed with 1N NaOH (30 mL) and brine (50 mL), dried over
magnesium sulfate, filtered and evaporated in vacuo to give 2,5-dimorpholino-
aniline.

Ethyl 3-(2-fluorophenylamino)-2-methyl-3-oxopropanoate

O~ N
H,N” ; H‘ ;
F F

Prepared according to general Procedure A using 2-fluoroaniline (17 mL, 180
mmol), pyridine (29 mL, 360 mmol) and dicthyl methylmalonate (46 mL, 270
mmol). The crude was purified by column chromatography on silica (using a
oradient of hexanes:EtOAc, 1:0 to 4:1 as cluant) to give ethyl 3-(2-fluorophenyl-

amino)-2-methyl-3-oxopropanoate as a light brown solid. Mass Spectrum (ESI)
m/e = 239.9 (M + 1).
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3-(2-Fluorophenylamino)-2-methyl-3-oxopropanoic acid

EtOZCI HOZCI
O H ; O H ;
F F

Prepared according to general Procedure B using ethyl 3-(2-fluorophenylamino)-

2-methyl-3-oxopropanoate (15.0 g, 62.7 mmol) and NaOH (3.26 g, 81.5 mmol) in

THF (60 mL) to give 3-(2-fluorophenylamino)-2-methyl-3-oxopropanoic acid as a
white solid. Mass Spectrum (ESI) m/e =212.1 (M + 1).
8-Fluoro-3-methylquinoline-2,4-diol

OH

H02CI _ X
»
O~ N HO™ N
1 F

Prepared according to general Procedure C using 3-(2-fluorophenylamino)-2-

F

methyl-3-oxopropanoic acid (11 g, 52 mmol) and polyphosphoric acid (80 mL) to
give 8-fluoro-3-methylquinoline-2,4-diol as a white solid. Mass Spectrum (ESI)
m/e = 193.9 (M + 1).

2,4-Dichloro-8-tfluoro-3-methylquinoline

OH Cl
fﬁi; I fﬁ;)
P »

HO” ™N ClI” °N
F F

Prepared according to general Procedure D using 8-fluoro-3-methylquinoline-2,4-
diol (2.8 g, 14 mmol) and phosphorous oxychloride (14 mL, 145 mmol) to give
2,4-dichloro-8-fluoro-3-methylquinoline as a white solid. Mass Spectrum (ESI)
m/e =229.9 (M + 1).
4-Chloro-8-fluoro-3-methyl-2-(pyridin-2-yl)quinoline

Cl

AN
Z
Cl N

Prepared according to general Procedure E using 2,4-dichloro-8-fluoro-3-methyl-

quinoline (1.0 g, 4.35 mmol), tetrakis(triphenylphosphine)palladium(0) (251 mg,
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0.22 mmol) and 2-tributylstannylpyridine (1.6 mL, 4.35 mmol) in toluene (15 mL)
to give 4-chloro-8-fluoro-3-methyl-2-(pyridin-2-yl)quinoline as a white solid.
N-(2,5-di-4-Morpholinylphenyl)-8-fluoro-3-methyl-2-(2-pyridinyl)-4-quino-

linamine

Prepared according to general Procedure K using 4-chloro-8-fluoro-3-methyl-2-
(pyridin-2-yl)quinoline (95 mg, 0.348 mmol), 2,5-dimorpholinoaniline (92 mg,
0.348 mmol) and a 4.0M solution of HCI 1n dioxane (0.09 mL, 0.348 mmol) 1n
MeOH (2.0 mL) and heating 1n the microwave for 2 h at 150 °C. After purifica-
tion N-(2,5-d1-4-morpholinylphenyl)-8-fluoro-3-methyl-2-(2-pyridinyl)-4-quin-
olinamine was obtained as a yellow film. '"H NMR (400 MHz, chloroform-d)
ppm 8.72 (1 H, dd, /=4.7, 1.6 Hz), 7.87 - 8.00 (2 H, m), 7.64 - 7.71 (1 H, m), 7.31
-7.45(@H,m),7.11 (1 H, d, J=8.6 Hz), 6.47 (1 H, d, J=7.4 Hz), 6.04 (1 H, br. s.),
390(4H,t,J=49Hz),3.68-3.79(4H, m),299-3.14 (4 H, m), 2.86 - 2.98 (4
H, m), 2.42 (3 H, s). Mass Spectrum (ESI) m/e =500.2 (M + 1).

Example 2: N-(2,5-di-4-Morpholinylphenyl)-8-fluoro-3-methyl-2-(2-

pyridinyl)-4-quinolinamine

@ T L
O N F
H,N F N

Prepared according to Procedure A using 3-fluoroaniline (18 mL, 187 mmol),

pyridine (31 mL, 374 mmol) and diethyl methylmalonate (48 mL, 281 mmol).

The crude was purified by column chromatography on silica (using a gradient of
hexanes:EtOAc, 1:0 to 3:1 as cluant) to give ethyl 3-(3-fluorophenylamino)-2-
methyl-3-oxopropanoate as a light brown solid. Mass Spectrum (ESI) m/¢ = 240.1
(M + 1).
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3-(3-Fluorophenylamino)-2-methyl-3-oxopropanoic acid

0~ "N F 0~ "N F
H H

Prepared according to Procedure B using ethyl 3-(3-fluorophenylamino)-2-

methyl-3-oxopropanoate (21.0 g, 87.8 mmol) in THF (80 mL) to give 3-(3-

fluorophenylamino)-2-methyl-3-oxopropanoic acid as a white solid. Mass

Spectrum (ESI) m/e =212.1 (M + 1).

7-Fluoro-3-methylquinoline-2,4-diol and 5-fluoro-3-methylquinoline-2,4-diol
OH F

OH
T 1 » ®
O m F HO N F HO N

Prepared according to Procedure C using 3-(3-fluorophenylamino)-2-methyl-3-
oxopropanoic acid (19 g, 90 mmol) and polyphosphoric acid (150 mL) to give a
mixture of 7-fluoro-3-methylquinoline-2,4-diol and 5-fluoro-3-methylquinoline-
2,4-d1ol. Mass Spectrum (ESI) m/e = 194.1 (M + 1).
2.,4-Dichloro-7-fluoro-3-methylquinoline and 2,4-dichloro-5-fluoro-3-methyl

quinoline

OH OH F Cl ClI F
tﬁ%@ f%ij m jfi/j
» | g - -

HO N F HO N Cl N F Cl N

Prepared according to Procedure D using 7-fluoro-3-methylquinoline-2,4-diol and

5-fluoro-3-methylquinoline-2,4-diol (14.0 g, 72 mmol) to give a mixture of 2,4-
dichloro-7-fluoro-3-methylquinoline and 2,4-dichloro-5-fluoro-3-methyl quino-
line as a white solid. Mass Spectrum (ESI) m/e = 230 (M + 1).
4-Chloro-5-fluoro-3-methyl-2-(pyridin-2-yl)quinoline and 4-chloro-7-tfluoro-
3-methyl-2-(pyridin-2-yl)quinoline

c cl F cl cl F
oL 0O $ $
clI” N7 F N ‘ XN F XN
~N N

Prepared according to general Procedure E using 2,4-dichloro-7-fluoro-3-methyl-

quinoline and 2,4-dichloro-5-fluoro-3-methyl quinoline (1.5 g, 6.52 mmol),
tetrakis(triphenylphosphine)palladium(0) (377 mg, 0.326 mmol) in toluene (20
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mL) to give a separable mixture of 4-chloro-7-fluoro-3-methyl-2-(pyridin-2-yl)-
quinoline (Mass Spectrum (ESI) m/e =273.0 (M + 1)) and 4-chloro-5-fluoro-3-
methyl-2-(pyridin-2-yl)quinoline (Mass Spectrum (ESI) m/e = 273.0 (M + 1)).
N-(2,5-Di-4-morpholinylphenyl)-8-fluoro-3-methyl-2-(2-pyridinyl)-4-

quinolinamine

o cl F /@:N\)

/@:N\) S N NH F

o(\ N NH, /\N N7 — - o/ | t
N

_N
Prepared according to general Procedure K using 4-chloro-5-fluoro-3-methyl-2-
(pyridin-2-yl)quinoline (52 mg, 0.191 mmol), 2,5-dimorpholinoaniline (50 mg,
0.191 mmol) and a 4.0M solution of HCI 1n dioxane (0.048 mL, 0.191 mmol) 1n
MeOH (0.5 mL) and heating in the microwave for 2 h at 150 °C. After puri-
fication N-(2,5-di1-4-morpholinylphenyl)-8-tfluoro-3-methyl-2-(2-pyridinyl)-4-
quinolinamine was obtained as a yellow film. 'H NMR (400 MHz, chloroform-d)
O ppm 8.63 - 8.75 (1 H, m), 8.21 (1 H, d, /=11.0 Hz), 7.96 (1 H, d, J=8.2 Hz),
7.83-7.92(2H,m), 7.57 (1 H, td, J/=8.2, 5.5 Hz), 7.37 (1 H, ddd, J=6.7, 4.5, 2.5
Hz),7.11 -7.18 (1 H, m), 7.09 (1 H, d, /=8.6 Hz), 6.46 (1 H, dd, /=8.4, 2.9 Hz),
6.23 (1 H,d,J/=2.7Hz),391 (4 H,t,J=4.5Hz),3.75-3.85(4 H,m), 3.04 - 3.11
(8H, m), 2.24 (3 H, s). Mass Spectrum (ESI) m/e = 230 (M + 1). Mass Spectrum
(ESI) m/e = 500 (M + 1).
Example 3: N-(2,5-Di-4-morpholinylphenyl)-8-fluoro-3-methyl-2-(2-pyridin-
yl)-4-quinolinamine
4-Chloro-7-fluoro-3-methyl-2-(pyridin-3-yl)quinoline and 4-chloro-5-fluoro-
3-methyl-2-(pyridin-3-yl)quinoline

Cl Cl F
Cli Cl F
[ [
N N
Cl N F Cl N _ .
N N

Prepared according to general Procedure E using 2,4-dichloro-7-fluoro-3-methyl-

quinoline and 2,4-dichloro-5-fluoro-3-methyl quinoline (1.0 g, 4.35 mmol), tetra-
kis(triphenylphosphine)palladium(0) (251 mg, 0.22 mmol) 1n toluene (15 mL) to
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o1ve a separable mixture of 4-chloro-7-tfluoro-3-methyl-2-(pyridin-3-yl)quinoline
and 4-chloro-5-fluoro-3-methyl-2-(pyridin-3-yl)quinoline.
N-(2,5-Di-4-morpholinylphenyl)-8-fluoro-3-methyl-2-(2-pyridinyl)-4-

quinolinamine
o
o Cl F /@:N\)
foadibee shed
N NH, TN 9 N
O N/ N/

N\ /

Prepared according to general Procedure K using 4-chloro-5-fluoro-3-methyl-2-
(pyridin-3-yl)quinoline (50 mg, 0.183 mmol), 2,5-dimorpholinoaniline (48 mg,
0.183 mmol) and a 4.0M solution of HCI 1n dioxane (0.046 mL, 0.183 mmol) 1n
MeOH (0.5 mL) and heating in the microwave for 2 h at 150 °C. After purifica-
tion N-(2,5-d1-4-morpholinylphenyl)-8-fluoro-3-methyl-2-(2-pyridinyl)-4-
quinolinamine was obtained as a yellow film. 'H NMR (400 MHz, chloroform-d)
o ppm 8.88 (1 H, d, /=2.3 Hz), 8.72 (1 H, dd, /=49, 1.8 Hz), 824 (1 H, d, J=11.3
Hz), 7.99 (1 H, dt, /=7.8, 2.2 Hz), 7.94 (1 H, d, J=8.2 Hz), 7.60 (1 H, td, J/=8.2,
5.5Hz),748 (1 H,dd, J=7.8,5.1 Hz),7.13-7.21 (1 H,m), 7.11 (1 H, d, J=8.6
Hz), 6.50 (1 H, dd, J=8.6, 2.7 Hz), 6.15 (1 H, d, J=2.7 Hz), 3.90 (4 H, t, J=4.5
Hz),3.73-3.85(4 H, m), 2.83 -3.13 (8§ H, m), 2.20 (3 H, s). Mass Spectrum
(ESI) m/e = 500.2 (M + 1).

Example 4: N-(2,5-Di-4-morpholinylphenyl)-8-fluoro-3-methyl-2-(2-

pyridinyl)-4-quinolinamine

O
SIS o
/@:N\) S N NH
N NH. | NN F - o/ N
O N S N7 F
>

Prepared according to general Procedure K using 4-chloro-7-fluoro-3-methyl-2-
(pyridin-3-yl)quinoline (57 mg, 0.209 mmol), 2,5-dimorpholinoaniline (55 mg,
0.209 mmol) and a 4.0M solution of HCI 1n dioxane (0.052 mL, 0.209 mmol) in
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MeOH (0.5 mL) and heating in the microwave for 2 h at 150 °C. After purifica-
tion N-(2,5-d1-4-morpholinylphenyl)-8-fluoro-3-methyl-2-(2-pyridinyl)-4-
quinolinamine was obtained. 'H NMR (400 MHz, chloroform-d) & ppm 8.88 (1 H,
d, /=2.3Hz),8.72 (1 H,dd, J=4.9, 1.8 Hz), 7.99 (1 H, dt, J=7.8, 2.2 Hz), 7.90 (1
H, dd, /=9.2, 6.1 Hz), 7.76 (1 H, dd, /=10.0, 2.5 Hz), 7.48 (1 H, dd, J=8.0, 4.9
Hz),7.20-7.31 (2H, m), 7.12 (1 H, d, J/=8.6 Hz), 6.46 (1 H, dd, J=8.6, 2.7 Hz),
6.00 (1 H,d,J=2.7Hz),391 (4H,t,J=4.7 Hz), 3.66 - 3.79 (4 H, m), 2.99 - 3.14
(4 H,m), 2.86 -2.99 (4 H, m), 2.31 (3 H, s). Mass Spectrum (ESI) m/e = 500.2
(M + 1).
Example §: N-(2,5-Di-4-morpholinylphenyl)-7-fluoro-3-methyl-2-(1,3-
thiazol-2-yl)-4-quinolinamine
2-(4-Chloro-8-fluoro-3-methylquinolin-2-yl)thiazole

Cl Cl

~
N \N
F <\/S F

Prepared according to Procedure E using 2,4-dichloro-8-fluoro-3-methylquinoline

(250 mg, 1.087 mmol), 2-tributylstannylthiazole (0.34 mL, 1.087 mmol) and

~d
x
Cl N

tetrakis(triphenylphosphine)palladium(0) (126 mg, 0.109 mmol) in toluene (4 mL)
and heating at reflux overnight. After purification 2-(4-chloro-8-fluoro-3-methyl-
quinolin-2-yl)thiazole was obtained.
N-(2,5-Di-4-morpholinylphenyl)-7-fluoro-3-methyl-2-(1,3-thiazol-2-yl)-4-

quinolinamine
O
/@: I\(\)

O T N NH
A O — & X
6 <\J\1 ) F <\S,{\| N

F
Prepared according to general Procedure K using 2-(4-chloro-8-fluoro-3-methyl-

quinolin-2-yl)thiazole (46 mg, 0.165 mmol), 2,5-dimorpholinoaniline (43 mg,
0.165 mmol) and a 4.0M solution of HCI 1n dioxane (0.041 mL, 0.165 mmol) 1n
MeOH (0.5 mL) and heating in the microwave for 2 h at 150 °C. After purifica-
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tion N-(2,5-d1-4-morpholinylphenyl)-7-tfluoro-3-methyl-2-(1,3-thiazol-2-yl)-4-
quinolinamine was obtained as a yellow film. '"H NMR (500 MHz, chloroform-d)
O ppm 7.96 - 8.05 (1 H, m), 7.62 (1 H, s), 7.51 -7.56 (1 H,m), 7.39 (2 H, t, J=2.3
Hz), 7.12 (1 H, d, /=8.8 Hz), 6.44 (1 H, dd, J=8.7, 2.6 Hz), 5.92 (1 H, d, J=2.7
Hz),3.83-3.96 (4 H,m), 3.70 (4 H, dd, J=5.5,4.0 Hz), 2.99 - 3.13 (4 H, m), 2.87
-2.93 (4 H, m), 2.83 (3 H, s). Mass Spectrum (ESI) m/e = 506.0 (M + 1).
Example 6: 6-Chloro-N-(2,5-di-4-morpholinylphenyl)-2-(2-fluorophenyl)-3-
methyl-4-quinolinamine

4,6-Dichloro-2-(2-fluorophenyl)-3-methylquinoline

HO,C Cl
T & G
H,N

Prepared according to Procedure J using 2-amino-5-chlorobenzoic acid (1.5

equiv.) and 1-(2-fluorophenyl)propan-1-one (1 equiv.) in phosphorous oxy-
chloride to afford 4,6-dichloro-2-(2-fluorophenyl)-3-methylquinoline upon
purification by chromatography on silica gel. Mass Spectrum (ESI) m/¢ =306.0
(M+1).
6-Chloro-N-(2,5-di-4-morpholinylphenyl)-2-(2-fluorophenyl)-3-methyl-4-

quinolinamine

0

S
LI

Prepared according to general Procedure K using 4,6-dichloro-2-(2-fluorophenyl)-
3-methylquinoline (116 mg, 0.38 mmol), 2,5-dimorpholinoaniline (100 mg, 0.38
mmol) and a 4.0M solution of HCI 1n dioxane (0.095 mL, 0.38 mmol) in McOH
(1.0 mL) and heating 1n the microwave for 2 h at 150 °C. After purification 6-
chloro-N-(2,5-d1-4-morpholinylphenyl)-2-(2-fluorophenyl)-3-methyl-4-quinolin-
amine was obtained as a yellow film. '"H NMR (400 MHz, chloroform-d) & ppm
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8.10 (1 H, d,/~9.0 Hz), 790 (1 H, d, /=2.3 Hz), 7.58 - 7.67 (2 H, m), 7.47 (1 H,
d, /=8.2Hz),7.31-737(1 H,m),7.16-7.22(1 H,m),7.13 (1 H, d, J=8.6 Hz),
6.45 (1 H, dd, J=8.6, 2.7 Hz), 6.00 - 6.08 (1 H, m), 3.93 (4 H, t, /=4.5 Hz), 3.76 (4
H, dd, J=5.9,39Hz),3.06 (4 H,d,/~1.2Hz),291-3.02(4 H,m),2.20 (3 H, d,
J=2.3 Hz). Mass Spectrum (ESI) m/e = 533.2 (M + 1).

Example 7: N-(2,5-Di-4-morpholinylphenyl)-2-(2-fluorophenyl)-3-methyl-7-

(trifluoromethyl)-4-quinolinamine

o

S
LI

Prepared according to general Procedure K using 4-chloro-2-(2-fluorophenyl)-3-
methyl-7-(trifluoromethyl)quinoline (129 mg, 0.38 mmol), 2,5-dimorpholino-
aniline (100 mg, 0.38 mmol) and a 4.0M solution of HCI in dioxane (0.095 mL,
0.38 mmol) in MeOH (1.0 mL) and heating in the microwave for 2 h at 150 °C.
After purification N-(2,5-d1-4-morpholinylphenyl)-2-(2-fluorophenyl)-3-methyl-
7-(trifluoromethyl)-4-quinolinamine was obtained as a yellow film. 'H NMR (400
MHz, chloroform-d) 6 ppm 8.49 (1 H, s), 8.04 (1 H, d, J=8.6 Hz), 7.58 - 7.72 (2
H,m), 746 -7.54 (1H, m,J=79,7.9,5.4,2.0Hz),7.30-7.40 (2 H,m), 7.17 -
7.24 (1 H,m), 7.13 (1 H, d, J=8.6 Hz), 6.47 (1 H, dd, J=8.6, 2.7 Hz), 6.04 (1 H, d,
J=0.8 Hz), 3.92 (4 H, t, /=4.7 Hz), 3.69 - 3.80 (4 H, m), 3.06 (4 H, br. s.), 2.82 -
3.00 (4 H, m), 2.24 (3 H, s). Mass Spectrum (ESI) m/e = 567.3 (M + 1).

Example 8: N-(2,5-Di-4-morpholinylphenyl)-2-(2-fluorophenyl)-3-methyl-4-
quinolinamine

4-Chloro-2-(2-fluorophenyl)-3-methylquinoline

HO,C
o D —
»
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Prepared according to Procedure J using 2-aminobenzoic acid (1.5 equiv.) and 1-
(2-fluorophenyl)propan-1-one (1 equiv.) in phosphorous oxychloride to atford 4-
chloro-2-(2-tfluorophenyl)-3-methylquinoline upon purification by
chromatography on silica gel. Mass Spectrum (ESI) m/e =272.0 (M+1).
N-(2,5-Di-4-morpholinylphenyl)-2-(2-fluorophenyl)-3-methyl-4-quinolin-

amine

Prepared according to general Procedure K using 4-chloro-2-(2-fluorophenyl)-3-
methylquinoline (103 mg, 0.38 mmol), 2,5-dimorpholinoaniline (100 mg, 0.38
mmol) and a 4.0M solution of HCI 1n dioxane (0.095 mL, 0.38 mmol) in McOH
(1.0 mL) and heating in the microwave for 2 h at 150 °C. After purification N-
(2,5-d1-4-morpholinylphenyl)-2-(2-fluorophenyl)-3-methyl-4-quinolinamine was
obtained as a yellow film. 'H NMR (400 MHz, chloroform-d) & ppm 8.29 (1 H, d,
J=8.6 Hz), 7.93 (1 H, d, J/=8.2 Hz), 7.68 - 7.76 (1 H, m), 7.65 (1 H, td, J=7.4, 1.6
Hz), 7.40-7.55(3 H,m), 7.34 (1 H, t, /7.4 Hz), 7.19 (1 H, t, /9.0 Hz), 7.11 (1
H, d, /=8.6 Hz), 6.47 (1 H, dd, J=8.8, 2.9 Hz), 6.06 - 6.20 (1 H, m), 3.85 - 4.00 (4
H, m),3.67-3.80(4H, m),3.01-3.17(4 H,m), 2.88 -3.00(4 H,m), 2.21 (3 H,
d, J/=2.3 Hz). Mass Spectrum (ESI) m/e =499.2 (M + 1).

Example 9: N-(2,5-Di-4-morpholinylphenyl)-6-fluoro-3-methyl-2-(3-
pyridinyl)-4-quinolinamine

Ethyl 3-(4-fluorophenylamino)-2-methyl-3-oxopropanoate

H,N~ : " N

Prepared according to general Procedure A using 4-fluoroaniline (18 g, 162

mmol), pyridine (13 mL, 162 mmol) and dicthyl methylmalonate (28 mL, 162
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mmol). After purification ethyl 3-(4-fluorophenylamino)-2-methyl-3-oxo-
propanoate was obtained. Mass Spectrum (ESI) m/e = 240.1 (M + 1).

3-(4-Fluorophenylamino)-2-methyl-3-oxopropanoic acid
EtOQCJ/\/ F HOZCJ/\/ /O/F
/(j ] 07N
O m H

Prepared according to general Procedure B using ethyl 3-(4-fluorophenylamino)-

2-methyl-3-oxopropanoate (20.0 g, 84 mmol) and NaOH (4.3 g, 81.5 mmol) in

THF (50 mL). After purification 3-(4-fluorophenylamino)-2-methyl-3-oxoprop-
anoic acid was obtained as a white solid. Mass Spectrum (ESI) m/e =212.2
(M+1).

6-Fluoro-3-methylquinoline-2,4-diol

OH
g |
O~ °N Z
A HO™ "N

Prepared according to general Procedure C using 3-(4-fluorophenylamino)-2-
methyl-3-oxopropanoic acid (15 g, 71 mmol) and polyphosphoric acid (60 mL)
and heating at 130 °C for 14 h. After purification 6-fluoro-3-methylquinoline-2,4-

diol was obtained as a tan solid. Mass Spectrum (ESI) m/e = 194.2 (M + 1).
2.,4-Dichloro-6-tfluoro-3-methylquinoline

OH Cl
g »
HO N Cl N

Prepared according to general Procedure D using 6-fluoro-3-methylquinoline-2,4-

diol (4.0 g, 21 mmol) and phosphorous oxychloride (19 mL, 207 mmol) to give

2,4-dichloro-6-fluoro-3-methylquinoline as a white solid. Mass Spectrum (ESI)
m/e = 230.0 (M + 1).
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Prepared according to general Procedure F using 2,4-dichloro-6-fluoro-3-methyl-
quinoline (300 mg, 1.3 mmol), 3-pyridylboronic acid (160 mg, 1.3 mmol), tetra-
kis(triphenylphosphine)palladium(0), sodium carbonate (242 mg, 2.28 mmol) in
toluene:water (5 mL:2 mL) and heating at 130 °C overnight. After purification 4-
chloro-6-fluoro-3-methyl-2-(pyridin-3-yl)quinoline was obtained as a white solid.
N-(2,5-Di-4-morpholinylphenyl)-6-fluoro-3-methyl-2-(3-pyridinyl)-4-

quinolinamine

N
O) T (\N’C[NH

Z o\) F
NOOESSe 5

N
O | _ ‘
N

Prepared according to general Procedure K using 4-chloro-6-fluoro-3-methyl-2-
(pyridin-3-yl)quinoline (140 mg, 0.51 mmol), 2,5-dimorpholinoaniline (135 mg,
0.51 mmol) and a 4.0M solution of HCI 1n dioxane (0.13 mL, 0.51 mmol) in
MeOH (1.0 mL) and heating in the microwave for 2 h at 150 °C. After purifica-
tion N-(2,5-d1-4-morpholinylphenyl)-6-fluoro-3-methyl-2-(3-pyridinyl)-4-
quinolinamine was obtained. 'H NMR (400 MHz, chloroform-d) & ppm 8.88 (1 H,
d, /=2.3Hz),8.72 (1 H, dd, J=5.1, 2.0 Hz), 8.16 (1 H, dd, J=9.0, 5.5 Hz), 7.99 (1
H, dt, /=7.8,2.2Hz),7.43-7.57(3H,m), 7.16 - 7.20 (1 H, m), 7.13 (1 H, d,
J=8.6 Hz), 6.46 (1 H, dd, J=8.6, 2.7 Hz), 5.97 (1 H, d, J=2.7 Hz), 3.87 - 3.99 (4 H,
m), 3.67 -3.80 (4 H, m), 3.01 -3.13 (4 H, m), 2.83-2.98 (4 H, m), 2.33 (3 H, s).
Mass Spectrum (ESI) m/e = 500.0 (M + 1).
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Example 10: N-(2,5-Di-4-morpholinylphenyl)-6-tfluoro-2-(5-fluoro-3-
pyridinyl)-3-methyl-4-quinolinamine
4-Chloro-6-tluoro-2-(S-tfluoropyridin-3-yl)-3-methylquinoline

o Cl
F = "
= I - F N ‘
~ N
clI” N |

N

N

Prepared according to general Procedure F using 2,4-dichloro-6-fluoro-3-methyl-
quinoline (300 mg, 1.3 mmol), S-fluoropyridin-3-ylboronic acid (160 mg, 1.3
mmol), tetrakis(triphenylphosphine)palladium(0) (151 mg, 0.13 mmol), sodium
carbonate (242 mg, 2.28 mmol) 1n toluene:water (5 mL:2 mL) and heating at 130
°C overnight. After purification 4-chloro-6-fluoro-2-(5-fluoropyridin-3-yl)-3-
methylquinoline was obtained as a white solid. Mass Spectrum (ESI) m/e = 291.0
(M + 1).
N-(2,5-Di-4-morpholinylphenyl)-6-fluoro-2-(5-fluoro-3-pyridinyl)-3-methyl-

4-quinolinamine
(0
oy

N NH

~
N\) Cl F (\
(\N/QiNH2 . f | g O\) ~ | i

Prepared according to general Procedure K using 4-chloro-6-fluoro-2-(5-fluoro-

AN/

pyridin-3-yl)-3-methylquinoline (110 mg, 0.38 mmol), 2,5-dimorpholinoaniline
(120 mg, 0.38 mmol) and a 4.0M solution of HCI 1n dioxane (0.09 mL, 0.38
mmol) in MeOH (1.0 mL) and heating in the microwave for 2 h at 150 °C. After
purification N-(2,5-d1-4-morpholinylphenyl)-6-fluoro-2-(5-fluoro-3-pyridinyl)-3-
methyl-4-quinolinamine was obtained. 'H NMR (500 MHz, chloroform-d) § ppm
8.70 (1 H, t,/=1.7 Hz), 8.60 (1 H,d, /=2.7Hz), 8.13 -8.22 (1 H, m), 7.77 (1 H,
dt, /=8.8,2.3 Hz),7.44 -7.55(2H, m), 7.25 (1 H, s), 7.15 (1 H, d, J/=8.6 Hz),
6.51 (1 H, dd, /=88, 2.7Hz), 6.01 (1 H, dd, J=2.4,0.5Hz),3.91 (4 H,t, J/=4.6
Hz),3.69-3.79 (4 H, m), 3.06 (4 H, t, /~4.6 Hz), 2.90 - 2.99 (4 H, m), 2.34 (3 H,
s). Mass Spectrum (ESI) m/e = 518.1 (M + 1).
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Example 11: N-(2,5-Di-4-morpholinylphenyl)-6-tfluoro-2-(5-fluoro-3-
pyridinyl)-3-methyl-4-quinolinamine
4-Chloro-8-tfluoro-3-methyl-2-(pyridin-3-yl)quinoline

Cl

F

=
x
Cl N

Prepared according to general Procedure F using 2,4-dichloro-8-fluoro-3-methyl-
quinoline (250 mg, 1.1 mmol), 3-pyridylboronic acid (134 mg, 1.1 mmol), tetra-
kis(triphenylphosphine)palladium(0) (126 mg, 0.11 mmol), sodium carbonate
(202 mg, 1.90 mmol) in toluene:water (5 mL:2 mL) and heating at 130 °C
overnight. After purification 4-chloro-8-fluoro-3-methyl-2-(pyridin-3-yl)quinoline
was obtained as a white solid. Mass Spectrum (ESI) m/e =273.0 (M + 1).
N-(2,5-Di-4-morpholinylphenyl)-6-fluoro-2-(5-fluoro-3-pyridinyl)-3-methyl-

4-quinolinamine

0

S
P

Prepared according to general Procedure K using 4-chloro-8-fluoro-3-methyl-2-
(pyridin-3-yl)quinoline (100 mg, 0.37 mmol), 2,5-dimorpholinoaniline (97 mg,
0.37 mmol) and a 4.0M solution of HCI 1n dioxane (0.09 mL, 0.37 mmol) 1n
MeOH (1.0 mL) and heating in the microwave for 2 h at 150 °C. After purifica-
tion N-(2,5-d1-4-morpholinylphenyl)-6-tfluoro-2-(5-fluoro-3-pyridinyl)-3-methyl-
4-quinolinamine was obtained. 'H NMR (400 MHz, chloroform-d) & ppm 8.90 (1
H,d, /=2.3Hz),8.71 (1 H, dd, /=4.9, 1.8 Hz), 8.03 (1 H, dt, /=7.8, 2.2 Hz), 7.65 -
7.75 (1 H,m), 7.48 (1 H, dd, J=8.0, 4.9 Hz), 7.36 - 7.45 (2 H, m), 7.12 (1 H, d,
J=8.6 Hz), 6.47 (1 H, dd, J=8.6, 2.7 Hz), 6.00 (1 H, d, J=2.7 Hz), 3.86 - 3.99 (4 H,
m), 3.64 - 3.80 (4 H, m), 3.01 -3.13 (4 H, m), 2.86 -2.99 (4 H, m), 2.34 (3 H, s).
Mass Spectrum (ESI) m/e = 500.2 (M + 1).
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Example 12: N-(2,5-Di-4-morpholinylphenyl)-6-fluoro-3-methyl-2-(2-
pyridinyl)-4-quinolinamine

4-Chloro-6-tluoro-3-methyl-2-(pyridin-2-yl)quinoline
Cl

/ ———-
|
clI” N

Prepared according to general Procedure E using 2,4-dichloro-6-fluoro-3-methyl-
quinoline (250 mg, 1.1 mmol), 2-(tributylstannyl)pyridine (400 mg, 1.1 mmol),
tetrakis(triphenylphosphine)palladium(0) (63 mg, 0.05 mmol) 1n toluene (5 mL)
and heating at 110 °C overnight. After purification 4-chloro-6-fluoro-3-methyl-2-
(pyridin-2-yl)quinoline was obtained as a white solid.
N-(2,5-di-4-morpholinylphenyl)-6-fluoro-3-methyl-2-(2-pyridinyl)-4-

quinolinamine
0
N

0 it (\N/Q:NH

N F
oagPve o Ay
(\N NH., XY N |

! |/|\| ‘\ N

_N
Prepared according to general Procedure K using 4-chloro-6-fluoro-3-methyl-2-

(pyridin-2-yl)quinoline (100 mg, 0.37 mmol), 2,5-dimorpholinoaniline (97 mg,
0.37 mmol) and a 4.0M solution of HCI 1n dioxane (0.09 mL, 0.37 mmol) in
Me¢OH (1.0 mL) and heating in the microwave for 2 h at 150 °C. After purifica-
tion N-(2,5-d1-4-morpholinylphenyl)-6-fluoro-3-methyl-2-(2-pyridinyl)-4-
quinolinamine was obtained. 'H NMR (500 MHz, chloroform-d) & ppm 8.67 -
8.81 (1 H,m), 8.19 (1 H, dd, J=9.0, 5.4 Hz), 7.83 - 7.94 (2 H, m), 7.42 - 7.52 (2
H, m), 7.39 (1 H, ddd, J/=7.3,4.8, 1.6 Hz), 7.17 (1 H, s), 7.12 (1 H, d, J/=8.6 Hz),
6.45 (1 H, dd, /=8.7, 2.8 Hz), 5.99 (1 H, d, J=2.7 Hz), 3.84 - 3.98 (4 H, m), 3.65 -
3.79(4H, m), 3.06 (4 H, dd, /=3.4,2.0 Hz), 2.83 - 2.95 (4 H, m), 2.39 (3 H, s).
Mass Spectrum (ESI) m/e = 500.2 (M + 1).
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Example 13: N-(2,5-Di-4-morpholinyl-3-pyridinyl)-7-tfluoro-2-(2-

fluorophenyl)-3-methyl-4-quinolinamine

o
o
S NH.

Prepared according to general Procedure K using 4-chloro-7-fluoro-2-(2-fluoro-

phenyl)-3-methylquinoline (100 mg, 0.34 mmol), 2,5-dimorpholinopyridin-3-
amine (91 mg, 0.34 mmol) and a 4.0M solution of HCI in dioxane (0.017 mL,
0.069 mmol) in MeOH (1.0 mL) and heating 1n the microwave for 2 h at 150 °C.
After purification N-(2,5-d1-4-morpholinyl-3-pyridinyl)-7-tfluoro-2-(2-fluoro-
phenyl)-3-methyl-4-quinolinamine was obtained as a yellow film. '"H NMR (500

MHz, chloroform-d) o ppm 0 ppm 7.85 (1 H, br. s.), 7.81 (1 H, dd, J=9.9, 2.6 Hz),
7.58-7.65(2H,m),7.44-7.51 (1 H,m), 7.30-7.37(2H,m), 7.20 (1 H, t, J=9.2
Hz), 6.85 (1 H, br.s.), 6.27 (1 H, br.s.), 3.94 (4 H, t,J/=4.6 Hz), 3.71 - 3.80 (4 H,
m), 3.22 (4 H, br. s.), 2.98 (4 H, br. s.), 2.18 (3 H, s). Mass Spectrum (ESI) m/¢ =
518.2 (M + 1).

Example 14: N-(2,5-Di-4-morpholinyl-3-pyridinyl)-5-fluoro-3-methyl-2-(3-

pyridinyl)-4-quinolinamine

o T N~ X" NH F
D _ SRS
L/I X Y ] |
N NH, j N NS
O Nz |

Prepared according to general Procedure K using 4-chloro-5-fluoro-3-methyl-2-

N /

(pyridin-3-yl)quinoline (83 mg, 0.30 mmol), 2,5-dimorpholinopyridin-3-amine
(80 mg, 0.30 mmol) and a 4.0M solution of HCI 1n dioxane (0.015 mL, 0.061
mmol) in MeOH (1.0 mL) and heating in the microwave for 2 h at 150 °C. After
purification N-(2,5-d1-4-morpholinyl-3-pyridinyl)-5-fluoro-3-methyl-2-(3-
pyridinyl)-4-quinolinamine was obtained as a yellow film. 'H NMR (400 MHz,
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chloroform-d) o ppm 8.87 (1 H, d, /=2.3 Hz), 8.73 (1 H, dd, J=4.9, 1.8 Hz), 7.93 -
8.03(2H,m), 7.84 (1 H,d, J/=12.1 Hz), 7.66 (1 H, d, J=2.7 Hz), 7.59 - 7.64 (1 H,
m), 7.49 (1 H, dd, J=7.8, 5.1 Hz), 7.16 - 7.24 (1 H, m), 6.37 (1 H, d, J/=2.7 Hz),
3.87-398(4 H,m),3.75-3.86(4H,m),3.22 (4 H, br.s.),2.95-3.07 (4 H, m),
2.19 (3 H, s). Mass Spectrum (ESI) m/e =501.2 (M + 1).

Example 15: 2-(7-Fluoro-2-(2-fluorophenyl)-3-methylquinolin-4-ylamino)-4-
morpholinobenzonitrile

4-Morpholino-2-nitrobenzonitrile

I/\NH /@ L O(\N/O\/Noz

To a stirred solution of 4-chloro-2-nitrobenzonitrile (2.0 g, 11 mmol) in THF (40
mL) was added morpholine (1.0 g, 11 mmol). The reaction was heated at reflux
overnight. After this time the reaction was cooled to rt and then 1t was partitioned
between EtOAc (150 mL) and NaHCO; (50 mL, satd aq. solution). The separated
organic layer was dried over magnesium sulfate, filtered and evaporated in vacuo.
Column chromatography (hexanes:EtOAc, 1:0 to 1:1) gave 4-morpholino-2-
nitrobenzonitrile.

2-Amino-4-morpholinobenzonitrile
N

(\N NO, (\N NH;

O O

A solution of 4-morpholino-2-nitrobenzonitrile (300 mg, 0.24 mmol) in MecOH
(140 mL) was reduced using a continous flow hydrogenation reactor (tflow rate: 1
mL/min, 10% mol Pd/C, temperature 40 °C, H, pressure: 10 atm) to give 2-

amino-4-morpholinobenzonitrile.
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2-((7-Fluoro-2-(2-fluorophenyl)-3-methyl-4-quinolinyl)amino)-4-(4-

morpholinyl)benzonitrile

Prepared according to general Procedure K using 4-chloro-7-fluoro-2-(2-fluoro-
phenyl)-3-methylquinoline (70 mg, 0.24 mmol), 2-amino-4-morpholinobenzo-
nitrile (49 mg, 0.24 mmol) and a 4.0M solution of HCI 1n dioxane (0.030 mL,
0.121 mmol) in McOH (1.0 mL) and heating 1in the microwave for 2 h at 150 °C.
After purification 2-((7-fluoro-2-(2-fluorophenyl)-3-methyl-4-quinolinyl)amino)-
4-(4-morpholinyl)benzonitrile was obtained as a yellow film. '"H NMR (500 MHz,

chloroform-d) o ppm 7.94 - 8.03 (1 H, m), 7.82 (1 H, dd, J=9.8, 2.7 Hz), 7.60 -
7.66 (1H, m),743-7.52(2H,m),7.32-740(2H, m), 7.13 -7.22 (1 H, m),
6.56 (1 H, br.s.), 6.41 (1 H, dd, J=8.8, 2.2 Hz), 5.81 (1 H, d, J/=2.7 Hz), 3.68 -
3.77(4H, m), 298 -3.15(4 H, m), 2.12 - 2.26 (3 H, s). Mass Spectrum (ESI) m/¢
=4570 (M + 1).

Example 16: 2-((7-Fluoro-3-methyl-2-(3-pyridinyl)-4-quinolinyl)amino)-4-

(4-morpholinyl)benzonitrile

N Cl
Jij\// < L
(NN, NN - C
| S
O\) = X N F
~
N

N |

Prepared according to general Procedure K using 4-chloro-7-fluoro-3-methyl-2-
(pyridin-3-yl)quinoline (150 mg, 0.55 mmol), 2-amino-4-morpholinobenzonitrile
(112 mg, 0.55 mmol) and a 4.0M solution of HCI 1n dioxane (0.028 mL, 0.11
mmol) in NMP (1.0 mL) and heating in the microwave for 2 h at 150 °C. After
purification 2-((7-fluoro-3-methyl-2-(3-pyridinyl)-4-quinolinyl)amino)-4-(4-
morpholinyl)benzonitrile was obtained as a yellow film. 'H NMR (500 MHz,
chloroform-d) o ppm 8.87 (1 H, dd, J=2.0, 0.5 Hz), 8.73 (1 H, dd, J=4.9, 1.7 Hz),
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7.99 (1 H, dt, /=7.8,2.0 Hz), 7.92 (1 H, dd, J=9.3, 5.9 Hz), 7.80 (1 H, dd, J=9.8,
24Hz),7.44-7.51 (2H,m), 7.33 (1 H, ddd, J=9.2, 8.0, 2.6 Hz), 6.46 (1 H, s),
6.43 (1 H, dd, /=8.9,2.3Hz),5.72 (1 H,d,.J=2.2 Hz), 3.63 -3.76 (4 H, m), 2.95 -
3.09 (4 H, m), 2.35 (3 H, s). Mass Spectrum (ESI) m/e =440.0 (M + 1).
Example 17: N-(2,5-Di-4-morpholinyl-3-pyridinyl)-7-fluoro-3-methyl-2-(3-

pyridinyl)-4-quinolinamine

_N Nf\o
o C [N !
/@IN\) 2 O _J NH
N 2 NH, S >N FoT a
O Z XN -

N |

Prepared according to general Procedure K using 4-chloro-7-fluoro-3-methyl-2-
(pyridin-3-yl)quinoline (95 mg, 0.35 mmol), 2,5-dimorpholinopyridin-3-amine
(92 mg, 0.35 mmol) and a 4.0M solution of HCI in dioxane (0.017 mL, 0.07
mmol) in NMP (1.0 mL) and heating in the microwave for 2 h at 150 °C. After
purification N-(2,5-di1-4-morpholinyl-3-pyridinyl)-7-fluoro-3-methyl-2-(3-
pyridinyl)-4-quinolinamine was obtained. 'H NMR (400 MHz, chloroform-d) &
ppm 8.87 (1 H, d, J/=2.7 Hz), 8.73 (1 H, dd, J=5.1, 2.0 Hz), 7.99 (1 H, dt, J=7.8,
2.0Hz),7.74-7.89(2H,m), 7.62 (1 H,d, J/=2.7 Hz), 7.49 (1 H, dd, J=8.0, 4.9
Hz), 7.31 (1 H, ddd, J=9.3, 7.9, 2.7 Hz), 6.80 (1 H, s), 6.21 (1 H, d, J=2.7 Hz),
3.89-399(4H,m),3.75 (4 H,ddd, j=4.3,2.7,2.3 Hz), 3.23 (4 H, t, /=4.9 Hz),
2.87-3.01(4H,m),2.31 (3 H, s). Mass Spectrum (ESI) m/e =501.2 (M + 1).
Example 18: 2-(2-Fluorophenyl)-3-methyl-N-(2-(4-morpholinyl)-5-(3-
pyridinyl)phenyl)-4-quinolinamine

o (s

N
/C[ - N NO,
Br N02 |

S

Prepared according to general Procedure F using 4-(4-bromo-2-nitrophenyl)-
morpholine (1.0 g, 3.48 mmol), 3-pyridylboronic acid (428 mg, 3.48 mmol),
tetrakis(triphenylphosphine)palladium(0) (402 mg, 0.35 mmol), and sodium
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carbonate (646 mg, 6.1 mmol) in toluene:water (20 mL:4 mL) and heating at
reflux for 12 h. After purification 4-(2-nitro-4-(pyridin-3-yl)phenyl)morpholine
was obtained.

2-Morpholino-5-(pyridin-3-yl)aniline

N NO, N7 NH,,

o~ o

A solution of 4-(2-nitro-4-(pyridin-3-yl)phenyl)morpholine (300 mg, 0.24 mmol)
in MeOH (140 mL) was reduced using a continuous flow hydrogenation reactor
(flow rate: 1 mL/min, 10% mol Pd/C, temperature 40 °C, H, pressure: 10 bar) to
give 2-morpholino-5-(pyridin-3-yl)aniline.
2-(2-Fluorophenyl)-3-methyl-N-(2-(4-morpholinyl)-5-(3-pyridinyl)phenyl)-4-

quinolinamine

NK\O

g B ~
N\) — NH

N NH, > = ‘
| P \N

Prepared according to general Procedure K using 4-chloro-2-(2-fluorophenyl)-3-
methylquinoline (64 mg, 0.23 mmol), 2-morpholino-5-(pyridin-3-yl)aniline (60
mg, 0.23 mmol) and a 4.0M solution of HCI 1n dioxane (0.06 mL, 0.23 mmol) 1n
NMP (1.0 mL) and heating in the microwave for 2 h at 150 °C. After purification
2-(2-tfluorophenyl)-3-methyl-N-(2-(4-morpholinyl)-5-(3-pyridinyl)phenyl)-4-
quinolinamine was obtained. 'H NMR (400 MHz, chloroform-d) & ppm 8.49 (1 H,
dd, /~=4.7, 1.6 Hz), 8.19 (1 H, d, /=8.2 Hz), 7.92 (1 H, d, J=8.2 Hz), 7.59 - 7.76 (4
H, m), 7.54 (1 H, d, /=7.4 Hz), 7.47 (1 H, d, /=8.2 Hz), 7.31 - 7.36 (1 H, m), 7.10
-7.24(4H, m), 6.65 (1 H, br.s.),3.97 (4 H, t, /=4.7 Hz), 3.09 - 3.30 (4 H, m),
2.26 (3 H, d, J=2.3 Hz). Mass Spectrum (ESI) m/e =491.0 (M + 1).
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Example 19: N-(5-(2-Amino-6-methyl-4-pyrimidinyl)-2-(4-morpholinyl)-
phenyl)-2-(2-fluorophenyl)-3-methyl-4-quinolinamine

A solution of 2-(2-fluorophenyl)-3-methyl-N-(2-morpholino-5-(4,4,5,5-tetra-
methyl-1,3,2-dioxaborolan-2-yl)phenyl)quinolin-4-amine (100 mg, 0.185 mmol;
described herein), 4-chloro-6-methylpyrimidin-2-amine (26.6 mg, 0.185 mmol),
sodium carbonate (58.9 mg, 0.556 mmol), dichlorobis(triphenylphosphine)-
palladium(11) (13.0 mg, 0.019 mmol), 1,4-dioxane (4.0 mL), and water (1.0 mL)
was heated 1n a microwave at 120 °C for 60 min. The mixture was then cooled to
rt and partitioned between EtOAc and water. The organic layer was dried
(magnesium sulfate) and concd, and chromatography aftforded N-(5-(2-amino-6-
methyl-4-pyrimidinyl)-2-(4-morpholinyl)phenyl)-2-(2-fluorophenyl)-3-methyl-4-
quinolinamine. 'HNMR (400 MHz, TFA) o ppm 8.32 (1 H, dd, J=8.8, 2.2 Hz),
7.95-8.17(5H, m), 7.72 (2 H,m), 7.55 (1 H, m), 7.40 - 7.48 (1 H, m), 7.24 -
7.37(2H, m),4.30-447 (4 H,m),4.07-4.25(4 H,m), 2.60 (3 H, s), 2.09 (3 H,
br. s.). Mass Spectrum (ESI) m/e = 521.1 (M + 1).

Example 20: 3-((7-Fluoro-3-methyl-2-(2-pyridinyl)-4-quinolinyl)amino)-5-
(4-morpholinyl)-2-pyridinecarbonitrile

5-Morpholino-3-nitropicolinonitrile

N //N /Ci\l/r{/l\l
v
| I NN

NH
O\) Br A NO, O\) NO2

To a stirred solution of 5-bromo-3-nitropicolinonitrile (5.0 g, 22 mmol) in DMSO
(30 mL) was added morpholine (3.8 mL, 44 mmol). The reaction was stirred at rt
for 2 h. After this time the reaction was diluted with EtOAc¢ (300 mL) and water

(100 mL). The separated organic layer was dried over magnesium sulfate, filtered

and evaporated in vacuo. The resulting solid was washed with MeOH (15 mL) to
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o1ve S-morpholino-3-nitropicolinonitrile. Mass Spectrum (ESI) m/e = 235.2
(M+1).

3-Amino-5-morpholinopicolinamide

-N__=ZN N ]

I . /CIA NH,
K\N/Qr N
To a stirred solution of 5-morpholino-3-nitropicolinonitrile (100 mg, 0.43 mmol)
in EtOAc (5 mL) was added stannous chloride, dihydrate (0.41 g, 2.13 mmol).
The reaction was heated at reflux for 15 min. After this time a white solid
precipitates. The suspension was filtered and the resulting solid was washed with
1.0M NaOH (10 mL) and brine (10 mL) and dried under vacuum to give 3-amino-
S-morpholinopicolinamide. Mass Spectrum (ESI) m/e = 223.2 (M + 1).
3-Amino-5-morpholinopicolinonitrile
O

L )
K\N N g //\N NH,

o _J NH, g,

A stirred solution of 3-amino-5-morpholinopicolinamide (0.35 g, 1.57 mmol) 1n

acctonitrile (10 mL) was treated with phosphorus oxychloride (0.29 mL, 3.15

mmol). The reaction was heated at reflux for 1 h. After this time the reaction was
cooled to rt and evaporated in vacuo. The residue was dissolved m Et,O (10 mL)
and treated with 4.0M HCI in dioxane (0.2 mL). The resulting solid was filtered
and dried under vacuum to give 3-amino-5-morpholinopicolinonitrile. Mass
Spectrum (ESI) m/e =205.2 (M + 1).
3-((7-Fluoro-3-methyl-2-(2-pyridinyl)-4-quinolinyl)amino)-5-(4-morpholinyl)-

2-pyridinecarbonitrile

/N //N
Cl ‘
> O
(\N o NH., I N N/ - I AN
O\) ~N N N7 F
I ~N

Prepared according to general Procedure K using 4-chloro-7-fluoro-3-methyl-2-
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(pyridin-2-yl)quinoline (93 mg, 0.34 mmol), 3-amino-5-morpholinopicolinonitrile
(70 mg, 0.34 mmol) and a 4.0M solution of HCI 1n dioxane (0.08 mL, 0.34 mmol)
in NMP (1.0 mL) and heating 1n the microwave for 2 h at 150 °C. After purifica-
tion 3-((7-fluoro-3-methyl-2-(2-pyridinyl)-4-quinolinyl)amino)-5-(4-morpholin-
yl)-2-pyridinecarbonitrile was obtained. 'H NMR (400 MHz, chloroform-d) &
ppm 8.74 (1 H, dt, J=3.1, 1.6 Hz), 7.76 - 8.00 (5 H, m), 7.31 - 7.49 (2 H, m), 6.46
(1H,s),5.92(1H,d,J=2.3Hz),3.68-3.84(4H,m),3.00-3.19(4 H, m), 2.42
(3 H, s). Mass Spectrum (ESI) m/e =441.0 (M + 1).

Example 21: 3-((5-Fluoro-3-methyl-2-(2-pyridinyl)-4-quinolinyl)amino)-5-
(4-morpholinyl)-2-pyridinecarbonitrile

N, N
]
Cl F
N BN (\N X" NH F
I = | > - O\) N
O | _N | X N
_N

Prepared according to general Procedure K using 4-chloro-5-fluoro-3-methyl-2-
(pyridin-2-yl)quinoline (93 mg, 0.34 mmol), 3-amino-5-morpholinopicolinonitrile
(70 mg, 0.34 mmol) and a 4.0M solution of HCI 1n dioxane (0.08 mL, 0.34 mmol)
in NMP (1.0 mL) and heating 1n the microwave for 2 h at 150 °C. After
purification 3-((5-fluoro-3-methyl-2-(2-pyridinyl)-4-quinolinyl)amino)-5-(4-
morpholinyl)-2-pyridinecarbonitrile was obtained. 'H NMR (400 MHz,
chloroform-d) o ppm 8.68 (1 H, dt, J=3.1, 1.6 Hz), 8.00 (1 H, d, /=8.6 Hz), 7.87 -
7.97 (3 H,m), 7.64 (1 H, td, J=8.2, 5.5 Hz), 7.39 (1 H, ddd, J=7.0, 4.9, 1.8 Hz),
7.17-7.32(2H,m),6.23 (1 H,d,/=2.3Hz),3.75-3.86 (4 H, m), 3.17-3.31 (4
H, m), 2.29 (3 H, s). Mass Spectrum (ESI) m/e =441.1 (M + 1).
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Example 22: 7-Fluoro-3-methyl-N-(2-(4-morpholinyl)-5-(4-thiomorpholinyl)-
3-pyridinyl)-2-(2-pyridinyl)-4-quinolinamine
4-(3-Nitro-5S-thiomorpholinopyridin-2-yl)morpholine

(\o Ny N\)
NN |
| D . (\N NO,

Cl NO, S

A stirred solution of 4-(5-chloro-3-nitropyridin-2-yl)morpholine (400 mg, 1.64
mmol) 1n toluene (15.7 mL, 147.7 mmol) was treated with Pd,dbas (75 mg, 0.082
mmol), X-Phos (78 mg, 0.16 mmol), potassium tert butoxide (368 mg, 3.28
mmol) and thiomorpholine (203 mg, 1.97 mmol). The reaction was heated at 115
°C overnight. After this time the reaction was cooled to rt and diluted with EtOAc
(100 mL) and water (50 mL). The separated organic layer was washed with
NaHCOj; (satd aq. solution, 40 mL), brine (40 mL) and then dried over
magnesium sulfate, filtered and evaporated in vacuo. Column chromatography
(hexanes:EtOAc, 1:0 to 1:2) gave 4-(3-nitro-5-thiomorpholinopyridin-2-
yl)morpholine as a red o1l. Mass Spectrum (ESI) m/e =311.2 (M + 1).

2-Morpholino-35-thiomorpholinopyridin-3-amine

o N 'O

N N\) A
L — A

0, s

A solution of 4-(3-nitro-5-thiomorpholinopyridin-2-yl)morpholine (140 mg, 0.45

S

mmol) in MeOH (100 mL) was reduced using a continuous flow hydrogenation
reactor (flow rate: 1 mL/min, 10% mol Pd/C, temperature 35 °C, H; pressure: 10

bar) to give 2-morpholino-5-thiomorpholinopyridin-3-amine.
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7-Fluoro-3-methyl-N-(2-(4-morpholinyl)-5-(4-thiomorpholinyl)-3-pyridinyl)-
2-(2-pyridinyl)-4-quinolinamine

0

SO U S0
A X
(\N NH, | X" N F A
S\_) =N X | N/ .
| ~N

Prepared according to general Procedure K using 4-chloro-7-fluoro-3-methyl-2-
(pyridin-2-yl)quinoline (117 mg, 0.43 mmol), 2-morpholino-5-thiomorpholino-
pyridin-3-amine (120 mg, 0.43 mmol) and a 4.0M solution of HCI 1n dioxane
(0.11 mL, 0.43 mmol) in NMP (1.0 mL) and heating in the microwave for 2 h at
150 °C. After purification 7-fluoro-3-methyl-N-(2-(4-morpholinyl)-5-(4-thio-
morpholinyl)-3-pyridinyl)-2-(2-pyridinyl)-4-quinolinamine was obtained. 'H
NMR (400 MHz, chloroform-d) o ppm 8.74 (1 H, dd, J=4.1, 1.0 Hz), 7.85 - 7.96
(2H,m), 7.75-7.84 (2H,m), 7.58 (1 H, d, /=2.7 Hz), 7.40 (1 H, ddd, J=7.0, 4.9,
1.8 Hz), 7.28 - 7.32 (1 H, m), 6.74 (1 H, s), 6.19 (1 H, d, J=2.7 Hz), 3.93 (4 H, t,
J=4.7 Hz), 3.31 (4 H, ddd, J=4.9, 2.7, 2.5 Hz), 3.23 (4 H, br. s.), 2.63 (4 H, dt,
J=5.1,2.5 Hz), 2.38 (3 H, s). Mass Spectrum (ESI) m/e =517.0 (M + 1).
Example 23: N-(5-(1,1-Dioxido-4-thiomorpholinyl)-2-(4-morpholinyl)-3-
pyridinyl)-7-fluoro-3-methyl-2-(2-pyridinyl)-4-quinolinamine
4-|5-(1,1-Dioxidothiomorpholin-4-yl)-3-nitropyridin-2-yljmorpholine

O
O /N N\/l
/N ' N\/’ - N/&/\'\'/
/&I O=g NO:
Cl NO, (,)’

A stirred solution of 4-(5-chloro-3-nitropyridin-2-yl)morpholine (500 mg, 2.05
mmol), thiomorpholine 1,1-dioxide (333 mg, 2.46 mmol), Pd,dbas (94 mg, 0.10
mmol), X-Phos (98 mg, 0.20 mmol), sodium tert-butoxide (394 mg, 4.1 mmol) 1n
toluene (19.7 mL, 184.7 mmol) was heated at reflux for 14 h. After this time the
reaction was cooled to rt and partitioned between EtOAc (100 mL) and NaHCO;

(satd aq. solution, 50 mL). The separated organic layer was washed with brine
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(50 mL), dried over magnesium sulfate, filter