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or in combination with other therapeutic agents or palliative agents.
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PROTEIN KINABE REGULATORS

Description

FIELD OF THE INVENTION
The present invention relates to cyclic compounds and salts thereof, to
methods of using such compounds in treating diseases and disorders related o
abnormal cell profferation such as immunologicsl and oncclogical disorders, and o
the pharmaceutical compositions containing such compounds.

BACKGROUND OF THE INVENTION

Kinase signaling pathways, often upreguiated in cancer, have been shown o
drive many of the halimark phenotypes of tumor biclogy. See Hoefich of af, J. Ciin.
invest. 2018, 125(5). 1780-1788, and references ciled therein. Modulating kinsse
signaling through direct interaction of a drug with a kinase has led to more than 35
oncology drugs targeting Kinases being approved.  Howsver, resistance offen
develops o kinase inhibilors directed toward 2 single kinase {larget kinase) in a
biclogical pathway. Most often the resistance is dus to the rse of variants, with
advantageous {pro-sunvival} mulstions in the target kinase, and through 8 more
recently appreciated phenomenon of reprogramming of the kinome. See Johnson et
al., Clin. Pham. & Thera, 3014 95(4) 413-4158 and refersnces cited thersin, Recently,
inactivation of kinases, Akt, ERK and MEK, by & small molecule agens, TIC1D {11-
beneyh-7-[{Z-methyviphenylimethi]-2,8,7,11 Hetraazatricyclol7.4.0. 0% irideca-1 {9),5-
dien-8-one), was shown {o activate the transcription factor, Foxoda. See E-Deiry ot
al., Sof Transgl Med 2013, 5 171rat17 and refersnces cited thersin and El-Delry of al.,
Cancer Res. 2015 75(7) 1423-1432 and references cited therein. Foxo3s, & member
of the Forkhead Box family of transcription faciors, regulstes the production of Bim
{(BOL-tke protein 11}, Fasl (Fas flgand/CDOSL), TRAIL {ThNF-rslaled apopiosis-
inducing factor), PUMA (p53 upregulated modulator of apoptosis}, p27 (cyclin-
depandent kinase inhibitor 18) and p21 {cyclin-dependent Kinase inhibitor 1) These
are regulatory factors in cell growth arest and apoptosis, and regulating thess faciors
has ulility in tresting abrormal cell proliferation and in particutar cancer. Thus, small
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molecule regulators of Foxa3a activation, via the reguigtion of Akt and ERK activity,
are useful In the treatment of cancer. See Jiang of al, Blochem Biophys. Hes,
Commun, 2016 476(4) 260-268 and references cited therein and Tavior et al. Cancer
Celf infer. 2015 15(1) 1-8, and raferences cilted therein, A patent publication by
Oncoceutics, inc., US 2014/0335048, desoribes only one compound {Compound 1,
Figure 1) that shows antiproliferstive effects on #hwes human cancer cell lines:
human colon cancer cell ling (HOT118), human breast cancer cell ine {MDA-MB-
231} and human primary gliobiastoma call line {Li87). These dala show an
approximate 50% cell viability for compound 1, when fested on these celf lines,
belwesn 1-10 ubl. In 5 second patent application, WO 2015/153468 A1, by The
Seripps Research Institute, shows Oncoceutics’ Compound 1 now labeled as
Compound 2 and 18 other compounds as having antiproliferative sffects on a mouse
induced cancer iine (RAW284.7). RAW284.7 is a murine macrophage-like celf line
that was first described in the lterature In the early 1980s and has no spacifically
sngineered characteristic of human cancer. See Rathore et al, Drug Des. Devel
Ther. 2014 8, 1811-1822 and references cited therein; see also Adams et al,
BioChem. Biophy. Acts. 2008 1798{2-2) 140-181 and refarences cited therein. The
most polent of these compounds showed approximately 50% cell viability when
tested in wiro al 20 uM (RAW264.7). Murine cancers have a long history in cancer
research dating back to the mid 1950s and wers widely used by the National Cancer
institile (NG and others o identify new cancer drugs. Several studies from the NGI
and oihers demonsirated that this approach had very low clinical predictive value for
the treatment of human cancers. See Seymour at al., Clin. Cancer Res. 2003, vol 8.
4227-4239 and references cited thersin. One study stated that “Mouse allograft
model was not predictive” Thus in 1980, the NCI introduced a disesse-ariented
Human Tumor Cell Line Screen comprised of 80 cell lines from the most common
adult tumors., More recently studies by the NCI and other have shown that studies
with human cancer cell lines, both iy vifro and in vivo, were generally more predictive
than the previous studies with muwine cancers.  In addition, genetic studies
comparing murine and human cancers at imes show significant differences. See
Depinho et al., Nat. Rev, Drug Discov. 2006 5(8), 741-754 and refarences therein.
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“In order fo produce s imtended effect, & drug must be prasent at an
appropriale concentration in the fluld surrounding the effect site, that is the
biophase. More specifically, the drug must be present at the site of action, at
sufficient concentration and for an appropriate period of time o have an
effect as a therapeutic. Only rarely can drugs be applied directly to the
biophase; In most cases drugs nesd o be transferred from the site of
administration i the biophase” See The Practice of Medicinal Chemistry

Third Edifion, Edited by Wermuth Academic Prass/Flsevier, Amsterdam, The

Natherlands, 2008 and references cited thersin,

Many current medicings suffer from poor absorption, distribution, metabolism
andior extretion (ADME) properties that prevent thelr wider use or limit their use
in certain indications.  Poor ADME properties are alse a major reason for the
faflure of drug candidates in clinical tials, Often a drug with poor ADME
properties lacks sufficient concentration, for an appropriste period of time, at the
site of action to have an optimal therapeutic effect. Attempts to compsnsste for
such limitations through higher doses andfor higher frequency of administration
of the drug often leads o poor patient complisnce and issuss such as
undesirable melabolites. See US 9,878,760 and references cited therein.
Changes in a drug's structure offen has unpredictable effects on the drug’s
ADME profile, including, but not imited to, the effects of deuterium modification
on a drug's meisbolic propertiss,

SUMMARY OF THE INVENTION

The present wvention provides, in part, novel compounds and
pharmacsutically acceptable salts. Such compounds may modulate the activity the
Kinases: Akl, ERK and MEK thersby affecting biclogical functions, for example by
inhibiting celfl proliferation andfor Inducing apoptosis. Also  provided are
pharmaceutical compositions and medicaments, comprising the compounds or salls
of the invention, alone or in combination with other therapeutic agents or paliialive
agems. The present invention also provides, in part, methods for preparing the novel
compounds, salls and compositions thereof, and methods of using the foregoing.

3
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A first aspect of the iwention is directed o 8 compound represented by Formula

(I):

(h
In Formula |, Ry and Ry are independently selected from the group consisting of
5 hydrogen, -F, -Cl, -Br, -, -CN, {C1-C3ihaloakoxy, {T1-Cdlalkony, (C1-08) afle, (C3-
Coloycloatkyl, {(C2-Calaliynyl and {C1-C8ihaloalkyl;, or alternatively, B, and R may
be taken fogethar with the carbon aloms to which they are altached o form a 3-8
mambered ringiRs, Ry and B are independently sslected from the group consisting
of hydrogen, halegen, -CN, (C1-Clhaloatkyloxy, {C1-C)alkony, (C1-C8alky, {C3-
1o C8oycloaliod, (C2-C8alkynyl and (C1-Chihaloalkyl Re  and Ry are  sach
independently selected from the group consisting of hydrogen or methyl, Rs and Rg
are each independently sslected from the group consisting of hydrogen, halogen and
{C1-C3aliod; Ryp and Ry are each independently selected from the group consisting
of hydrogen, halogen and {C1-C3jaliny, Ry and Ry; are each independently sslected
15 from the group consisting of hydrogen, halogen and {C1-C3lalkvl, Ry and Ry are
sach independently selected from the group consisting of hydrogen, halogen, {C3-
C8eycioatkyl and {(C1-C3akyl; Ry and Res togsther with the carbon atom to which
they are aflachad may form a 3-membered carbocyclic ring: R and Ry are each
independently selected from the group consisting of hwdrogen, halogen, ({3-
20 CBeycloalkyt and {C1-C3)alkvl; Rye and Ryy fogether with the carbon atom lo which
they are attached may form a 3-membersd carbocyelic ring; Rys and Ry togather with
the carbons atoms W which they are attached may form a nonaromatic ring having 3

to § carbon atoms; V is independently selected from the group consisting of
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H28 RZR
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A2 V1, w7 V2 and,

R and Ry are sach independently selected from the group consisting of hydrogen

2B

or methyl; Ree and Ry are each independantly selected from the group consisting of
hydrogen, (C1-C8lalkyl, or halogen; Ry, R and Ry are required to have at least

& gne cocurence independently selectad from the group consisting of the following:
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hydrogen, halogen, (C1-CHalicd, (C3-Cojoyclpaliy, (C3-C8)kycloalkyl{C1-C8)alky,
(C1-CBihaloalkyl, -NHp, -8H, -OH, {C1-C8lslkoxy, -NRR:, substituted (Of1-
CElalkyl, substituted (C3-Cjoycinalkyl, substituted (C3-C8loycloalkyl{C1-Calalkyl,
substitited {(C1-CGlhaloaliod, substituted (C1-CBlalloxy, {(C3-C8loycloalkyl{ G2~
Colalkynyl, {C4-CBleycloakkenyl, (C4-C8kycloatkkenyC1-Colalkyl, Zy, Zp, &, ary,
heteroand, -CN, -NQ,;, -8Rgp, -C{OYOH, -C{O0ORy, ~-OC{OI0R,,, {C2-U6alkyny,
{C2-Cllalkenvl, (C1-Coihaloakyoxy, -~S(O0R0ORe, ~S0O:NRRas, -S{ORRap, -
NR3S{O 8RR, -C{OINRRzs, -C{OWRa, and -NRC{OWR3y; any remaining open
position for substitution for Ry, Ry and Ry is independently selected from the group
consisting of the following: hydrogen, halogen, {C1-C8lalkyl, (C3-C8loycloalkyl, {C3-
C8jcycloalkyl{C1-Cljaliyl, (C1-Céihaloakyl, -NHp, -OH, -8H, (C1-C8atkoxy, -
MR, substitded (C1-C8lalkyl, substituted {C3-COeycioalky!, substituled (C3-
GCBloycloalkyi{ C1-Colalkyl, substituted (C1-CBihaloakyl, substituted {T1-C8lalkoxy,
{C3-Cleycloaliyl{C2-Cllalkymy,  (C4-C8)cycloalkeny!,  {(C4-CRloycloalkenyi{ G-
CBialkyl, £q, arvl, heteroary, -ON, -NQs, -8Rsp, ~-C{OYOH, -C{OYOR,:, ~-OC{OOR,:,
(C2-C8lalkynyl, (C2-Cllalkenmy, {C1-UShaloalkyoxy, -8{0L0OR:;, -SO:MNRR:s, -
SH{OhRaz, ~NRxS(ORpRa, -CIOWNRsRss, ~-C{ORa, and -NR3C{ORay; Rex and Ray
may be taken together with the carbon atoms fo which they are attached to form a
ring: Ry and Ras may be together with the nifrogen o which they are attachsd fo
form a ring; Ras, R and Ry are indspendently selected from the group consisting of
the following: hydrogen, halogen, {(C1-C8lalkyl, (C3-COkycloalkyl, (C3-
COoycloali{C1-Calalid, (C1-Coihaloalkyl, -NH;, -OH, -8H, {(C1-Céalkoxy, -

5
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NRzRa, substituled {C1-CBlalkyl, substituted {C3-Coleycloalkyl, substitted (C3-
Coeycloalkyi{ C1-Colalkyl, substituted (C1-C8ihaloalkyl, substituted {C1-C8latkoxy,
{C3-C8cycloalkyl C2-C8)aligyrry, {C4-CBloycloatkenyl,  (C4-CBlovoloalkenyl(C1-
UBlalkyl, Zi, aryl, hetercaryl, ~-CN, -NCy, -8Ry, -C{OIOH, -C{OY0OR,, ~OC{O0R,y,
{C2-Colaliomyl, (C2-CBalkenyt, {C1-Colhaloatkyoxy, -S{OR0Ry, -SOuNRL,R:, -
S{O)Ra2, -NRxS{O):Rs, -CIOWNRRas, ~C{OWRy, and -NR3C{OWay Rus, Rao, and
Rzo are independently selected from the group consisting of the following: hydrogen,
halogen, {(C1-Colalkyl, (C3-Coloycloaliod, {C3-Clloycloalip{C1-Calalkyl,  {C1-
Chaloalkyl, -NH;, ~OH, -SH, (C1-C8)alkoxy, -NRyRa,, substiuted {C1-C8Yalkyl,
substituted (C3-C8kycloalkyl, substituted {C3-CBleycloatkyl{C1-Calkyl, substitutad
{C1-Celhaloalkyl, substituted (C1-C8)alkoxy, {C3-C8loycloatky C2-Colalkynyl, {C4-
C8loycloalkenyl, {C4-CBleycloalkenyl{C1-C8)alkyl, 74, anv, hetgroaryl, -CN, -NG;, -
SRy, -C{OYOH, -C{OJ0ORy, -OCIOIOR,,, {C2-C8jatkyryl, (C2-CRlatkenyl, (C1-
Cihaloalkyory, -S(0R0OR, -SONRaiRas, ~S{OhRa, -NRuS(0ORRs, ~CIONRdas,
-G{O)Rss, and -NR3C{O)Rs1; Ry and Ryy together with the carbons atoms to which
they are sttached may form a ring; Rug and Ry together with the carbons atoms o
which they are atached may form a ring; Ra is independently selected from the
group consisting of hydrogen, optionally  substituted ({C1-Cllalicdl, oplionally
substituted {C3-C8)oycloalkyl, and optionally substituted {C4-CBialkenyl, Rap is
independently selected from the group consisting of optionally substituted (C1-
C8lalkyl, optionally substituted (C3-COloycloalkyl, and optionally substituted (C4-
C8latkenyl, Ras is independently selected from the group consisling of oplionally
substituted (C1-C8)alikyl, optionally substituted {C3-C8joycloalkyl, and optionally
substituled (C4-C8)alkenyl; Ryy s independently selected from the group consisting
of hydrogen, optionally substituted (C1-CR)atkyl, optionally  substituted  {(C3-
COoycloalidl, and optionally  substituted (C4-C8latkenyl, Ry is independently
selected from the group consisting of hydrogen, optionally substituted {C1-C)allyl,
optionally substituted {C3-C8jeycloalky!, and optionally substituted {C4-C8alkenyl;
Rss is independently selected from the group consisting of hydrogen, optionally
substituted (C1-CB)alkyl, optionally substituted {C3-Cljeycloatkyl, and optionally
substituted (C4-C8lakenvl; Ry and Ry ars sach independently selected from the
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group consisting of hydrogen or methyl; Ra and Ry are each independently selected
from the group consisting of hydrogen or methyl with 2 proviso that Ry, Ry, Ry, Ry,
Rs, Re Ry, R, Rg, Rug, Ry, Riz, Ry, Rag, Rus, Rug, Rey, Rus, Rug, Rup, Rag, Ra, Rog
and Rzs cannot simullansously be hydrogen; with a proviso that § By is -OHs, -Cl, -Br
or -OMe, then Ry, Ra, Ry, Rs, Re, Ry, Ry, R, Rup, Ry, Rz, Rys, Rug, Rus, Ry, Ryy, Rug,
Rig, Fae, Rzt Rap, Fay and Ry cannot simullaneously be hydrogen; with a proviso
that f Ry is -CHz or -G, then Ry, Ry, Ra, Rs, Rs, By, Re, Ra, Ryg, Buy, Rip, Rag, Raug, Rug,
Ras, Ruz, Ryg, Reg, Rag, Ray, Rae, Rox and Ry cannot simultanecusly be hydrogen; with
a proviso thal f R; and Ry are ~F, then Ry, Ry, R, Be, Ry, Ra, Ry, Ryg, By, R, Ros,
Fae R, Rig, Ry, Rug, Rug, Rop, Ry, R, R and Ry cannot simullancously be
hydrogen; with a provise that § Ry is -Br and R is -CHg, then Ry, Ry, Ry, Re, Re, Ry,
Re, Ra Rug, Rar, Rez, Ryz, Ry Rus, Rus, Ry, Rya Rag, Ry, Rap, Rap and Ry, cannot
stmultaneously be hydrogen; Z4 I8 an optionally substituted 8-membered hetsrocyelic
ring containing 1 or 2 heteroatoms; £; is an optionally substituted 4- or S-membered
heterooyclic ring: £; Is an optionally substituted 7-, 8- or S-membered heterocyclic
ring; £y is an oplionally substifuted heterocyclic ring system with 3 to 11 ring stoms;
or & phammaceutically accepiable salt thersof In a first preferred embodiment of
Farmula |, Vis V1) and Rep, Res and Ry, are required to have at least one ocourence
independently selected from the group consisting of the following: -NH,, -SH, -OH,
(C1-UBlathoxny, -NRyRa, substituted (C1-C8lalkyl, substiiuted (C3-COeycioalkyl,
substituted {(C3-C8jeycloalky{C1-Caaliyl, substituted {C1-Cohaloaliyl, substitutad
(GH-Chlalkoxy,  (C3-C8loycloalioiC2-Calakynyl,  (C4-CBloycloakkenyl,  (C4-
C8eycloalkenyl{C1-Caalkeyd, £y, Zp, Z;, aryl, heteroaryl, -ON, -NO,, -8Ry, ~C{OXOH,
LR, -DC{Q)0R,:, (C2-Clalkynyl, (C2-C8Jatkenyl, (C1-CBihaloakyoxy, -
S{O3R0Rs, ~S0MNRyRys, -B{01Ra, -NRuS{ORRs, ~CONRy,Ras, ~-C(OWRy, and -
NRzC{ORy In a second prefered embodiment of Farmula |, V is V1, and Ry, Ros
and Ry are required 1o have at least one ocoumence indepandently selected from the
group consisting of the following: -NRgRas, substituted (C1-C8alind, substituted (C3-
C@loycloalkyl,  substituted  (C3-COkcycloalip{C1-CBlaliyl,  substituted {(C1-
C@ihaloalkyl, substituted {(C1-C8lakoxny, (C3-CBoycloalky(Ca-CRlalkyryl, (T4
C8loycloatkenyt, (C4-C8)ycloatkenyl{C1-Colalkyl, T, &

Ta. arvl, heteroard, -CM, -NQO,,
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SR, -C{OJOH, -C{O)0Rs, -OC{O0ORy, (C2-C8lakyryl, {C2-C8lalkenyl, (01
Cohaloalkyoxy, -8{0R0Rss, -SO:NRRas, ~S{01Ry, -NRaS0LRa:, -CIONRFas,
-CEOIR, and -NRC{ORa: In a thind preferred embodiment of Formula | Ry is
independently selected from halogen and {(C1-C3klkyl. In a fourth prefered
embodiment of Formula |, Ry is independently selected from halogen and {(C1-
Cllalkyl. in a fifth preferred embodiment of Formula L V is VE and Ry is
independently selected from {C2-C8lalkynyl and ~CN. In & sixth preferred
smbodiment of Formula |, Ry is independently selected from halogen and {C1-
C2ihsloalkyl In a ssventh praferred embodiment of Formula I, V is independently
selected from V2 and V3; and R and Ry are independently selected from {C2-
Colalinyl and ~CN. In an esighth preforred embodiment of Formula | V is
independently selected from V2 and V3; and Ryy and Ry are independenily selected
from {C2-Calafkyny! and ~CN. In a ninth preferrad embodiment of Formula |, V is V1
and Koy, Rgs and Ry sre required o have at least one ocourrence independently
sslected from the group consisting of the following: halogen, {C1-C8)alkyi, {C3-
C8loycioalkyl, (C3-Clloycloalkyl{C1-C8)alkyl, (C1-C8ihaloaliyl, -NH;, -SH, -OH, (C1-
Colatkoxy, -NR3pRy, substituted (C1-Ofalil,  substituted {C3-C8eyeioalind,
substituted (C3-C8jcycloalkyli{C1-C8lalkyl, substitded (C1-C8ihaloalkyl, substituted
{GC1-Chjalkoxy,  {C3-Cojoycloalkyl{C2-Colalipnyl,  (C4-Clloycloalkenyl,  (T4-
Cloycloalkenyl{C1-CaYalkyl, 2y, Zz, &5, anyl, hetercaryl, -CN, -NO,, -SRus, -C{OYOH,
-C{OYORg, ~OC{OYORg, (C2-CBlalkynyl, {(C2-C8)alleny, {C1-Cohaloalivoxy, -
SO0 s, ~SONRuRss, -S{ORRs, -NRaS{ORRy,, -CIONRadas, -CIOR., and -
NRawC{OW . In & first sel of preferred allematives within the ninth preferred
embodiment of Formula |, Ry is independently selected from hydrogen and -F: Ry is
independently sslected from halogen, (C1-CBhaloatkyl; Ry is indapendently selected
from hydrogen and -F; Ry, Rs, Rs, Ry, Rs, Ry, Rug, Ruy, Rez, Rz, Ry Rys, Rag, Ry,
R Ryg and Re are simultaneously hydrogen: Ry and Ry are independsently
selected from hydrogen and -F. In a second set of preferred aftermatives within the
ninth preferved ambodiment of Formula |, Ry is independently selected from hydrogen
and -F, Ry is indepandently selected from -CF;, -CHF,, -F, -Cl and -Br Ry is
independently selected from -CN, and ~{(C2ialkynyvl; Ry, Ry, Ry, Ra, Ry, Ra, R, R,

&
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Rit, Rz, Rea, Rug Rug, Rup, Rey, Rug, Rus, Roo, Ray, Ry, and Ry are simultaneously
hydrogen, In a thind set of preferred altematives within the ninth preferred
embodiment of Formula |, R, is independently selacted from -OF,, -Cl and -Br, Ray is
independently selected from halogen: Ry, Ry, Ry, Rs, Rs, Ry, Rs, Ry, Reg, Ryq, R,

5 Rug, Raa, Rus, Rag, Ryz, Rug, Rag, Rop, Raq, Rog, and Ry are simultaneously hydrogen,
Preferred species of Formula | include the following compounds:
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In second aspect, the invention provides s method for the treatment of
abnormal cell growth, including cancer, in a subject comprising administering to the
subject a therapeutically effective amount of a compound of the nvention, or a
pharmaceutically acceptable salt. More particularly, the method comprizses the step
of administering an effective amount of 3 compound representad by formuda (1), or a
pharmaceutically acceplable salt thereof. In 3 first preferred mode of the second
aspect of the invention, the method for the freatment of cancerin a subjsct comprises
the step of administering an effective amount of & compound of the first praferred
ambodiment of Formula |, or a pharmaceuticaily acceptable salt thereef. In 8 second
preferred mode of the second aspect of the Invention, the method for the trestment of
cancer in a subjedt comprises the step of administering an effective amount of a
compound of the second preferred embodiment of Formuda |, or a pharmaceutically
acceplable sall thersof. In a thind preferred mode of the second sspect of the
invention, the mathod for the treatment of cancer in a subject comprises the step of
administering an effective amount of a compound of the third preferred smbodiment
of Formula |, or a pharmaceutically scceptable salt thereof. In a fourth preferred
mode of the second aspect of the invention, the methed for the treatment of cancer in
a subject comprises the step of administering an effective amount of & compound of
the fourth preferred embodiment of Formula |, or a pharmaceutically accaeptable salt
therseof. In g fifth preferred mode of the second aspect of the invention, the method
for the treatment of cancer in 3 subject comprises the step of administering an
sffective amount of 8 compound of the fifth preferred smbodiment of Formula |, or &
pharmaceutically acceptable sall thereof. In a sixth preferred mode of the second
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agpact of the invention, the method for the treatment of cancerin g sublect comprises
the step of administering an effective amount of a compound of the shdh preferred
embodiment of Formula §, or a pharmaceutically acceptable salt thereof, In 8 seventh
preferred mads of the second aspect of the invention, the method for the treatment of
cancer in a subject comprises the step of sdministering an effective amount of a
compound of the seventh preferred embodiment of Formuds |, or 2 phamaceutically
acceplable salt thereof. In an eighth preferred mode of the second aspect of the
invention, the method for the reatment of cancer in & subject comprises the step of
administering an sffective amount of 8 compound of the eighth preferred embodiment
of Formula |, or a pharmaceutically acceplable salt thereof. In 8 ninth preferred mode
of the second aspect of the invention, the method for the trestment of cancer i a
subject comprises the slep of administering an efective amount of a compound of
the ninth preferred embodiment of Formula |, or a phammaceutically acceptable salt
theraof. In g tenth preferred mode of the second aspect of the invention, the method
for the treatment of cancer in & subject comprises the step of administering an
effective amount of a compound of the first set of allemative embodimants of the
ninth preferred embodiment of Formula |, or a phamaceutioally accepiable salt
thereof. In an eleventh prefarred mode of the second aspect of the invention, the
method for the reatment of cancer in a subject comprises the step of administering
an sffective amourd of a2 compound of the second set of altemnative embaodiments of
the ninth preferred embodiment of Formula |, or 2 pharmaceutically scceptable salt
thereof. In 8 twslfth preferred mode of the second aspect of the invention, the
method for the treatment of cancer in a subject comprises the step of administering
an effective amount of a compound of the third set of alternative embodiments of the
ninth preferred embodiment of Formula |, or a pharmacsutically acceptable salt
thereof. In a thirleenth preferred mode of the second aspect of the invention, the
method for the trestment of cancer in a subject comprises the step of administering
an effective amourt of any of the preferred species of Formula I or a
pharmaceutically scoeptable salt thereof.

A third aspect of the invention is direcled to & pharmaceutical composition

comprising & compound represented by Formula |, or & pharmaceutically acceptable
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sall theraof, in combination with a pharmaceutically acceptable carrier or excipient,
In @ first preferrad smbodiment of this thind aspect of the invention, the
pharmaceutical composition comprises a compound of the first preferred embodiment
of Formula 1, or a pharmaceutically scceptable salt thereof, in combination with 2
pharmaceutically acceptable carer or exciplent. In a second prefered embodiment
of this third aspect of the invention, the pharmaceutical composition gomprises a
compound of the second preferred embodiment of Formula |, or a pharmaceutically
acceplable salt thereof, In combination with a pharmaceutically acceptable camier or
excipiant. In a third preferred embodiment of this third aspect of the invention, the
pharmaceutical composition comprises a compound of the third preferred
embodiment of Formula &, or a pharmaceutically accepiable salt thereof in
combination with a pharmaceutically acceptable carler or excipient. In a fourth
preferrad embodiment of this third aspect of the invention, the pharmaceutical
composition comprises a compound of the fourth preferred embodiment of Formula |,
of a pharmaceutically accepiable salt thereof, in combination with a pharmaceutically
acceptable carrer or excipient. In a fifth preferred embodiment of this third aspect of
the invention, the pharmaceutical composition comprises a compound of the fifth
praferred embodiment of Formula |, or a pharmaceutically scceptable salt thereof, in
combination with a pharmaceutically acceptable camier or excipient. In a sixth
preferred embodiment of this third aspsct of the invention, the pharmaceutical
composition comprises a compound of the sixth preferred embodiment of Formuda |
or & pharmaceutically acceptable salf thersof, in combination with & pharmacsutically
acceplable carrier or excipient.  In 3 seventh preferred embodiment of this third
aspect of the invention, the pharmaceutical composition comprises 8 compound of
the seventh preferred embodiment of Formula | or a pharmaceutically acceptable
salt thersof, in combination with a pharmaceutically acceptable carier or excipient.
In a eighth preferred embodiment of this thid aspect of the invention, the
phamaceutical composition comprises a compound of the eighth preferred
embodiment of Formula | or a8 pharmaceutically scceptable salt thereof, in
combination with & phamaceutically acceptable carrer or excipient, In 2 ninth
preferred embodiment of this thid aspect of the invention, the pharmacautical
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composition comprises a compound of the ninth preferred embodiment of Formula 1,
or a phamaceutically acceptable ssit thereof, In combination with a pharmacsutically
acceptable carier or excipient. In & tenth preferred embodiment of this third aspect
of the invention, the pharmaceutical composition comprizes a compound of the first
set of alternative embodiments of the ninth preferred embodiment of Formula b ora
pharmaceutically accepiable salt thersof, in combination with a pharmaceautically
acceplable camier or excipienl. In a cleventh preferred embodiment of this third
aspect of the invention, the pharmaceutical composition comprises a compound of
the second set of allemative embodiments of the ninth preferred embodiment of
Formuwa {, or a pharmaceutically acceptable salt thereof, in combination with &
pharmaceutically acceptable carrier or excipient. In a twelfth preferrad embodimant
of this third aspect of the invention, the pharmaceutical composition comprises a
compound of the thid sel of altemnstive embodiments of the ninth praferred
embodiment of Formula |, or a pharmaceutically acceplable salt thereof, in
combination with a pharmaceutically acceptable carrier or axcipient. In a thireenth
preferred ambodiment of this third aspect of the invention, the phammaceutical
composition comprises any of the preferred species of Formula |, or 3
pharmmaceutically acceplable sall thersof, In combination with a pharmaceutically
accepiable carrier or excipient.

in frequent embodimants of the methods provided herein, the abromal asll
growth is cancer. In some embodiments, the methods provided result in one or mors
of the following: (1) inhibiting cancer cell proliferation; (2} inhibiting cancer cell
invasiveness; (3} inducing apoptosis of cancer cells: {4} inhibiting cancer gell
metastasis, or (5} inhibiting angiogenesis.

in frequent embodiments, the abnormal cell growth is cancer and the subject
s a human.

In some embodiments, the methods described herein further comprise
administering fo the subject an amount of an anti-cancer therapeutic agent or a
palliative agent, which amounts may be ogether sffective in treating said abnormal
growth. In some embodiments, the one or more ant-cancer therapautic agent is
selected from antumor agenis, anti-angiogenesis sgents, signal  transduction
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nhibitors, and ant-profiferative agents, which amounts are logether effective in
treating said abnomal cell growth. In some such embuodiments, the anti-umor agent
iz selected from the group consisting of mitotic inhibitors, alkylating agenis, anti-
metaboliles, infercalating antibodies, growth facior inhibitors, radiation, cell cycle
inhibitors, enzymes, topoisomerase inhibitors, biological response modifiers, anti-
bodies, cylotowes, anti-hormones, and anti-androgens,

Each of the embodiments below describing the invention envisions within the
scope the pharmaceutically acceplable salts of the compounds of the invention,
Accordingly, the phrase “or a pharmaceutically acceptable salt thereol is implicit in
the description of all compounds described herein,
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Figure 1 Hllustrates a graph depicting the results of 3 3 day drug treatment with
exparimental and control compounds on AS48 NSCLO cells by cell titer glo assay,

Figure 2 Hlustrates Western blots from A549 NSCLC cells treated with
axperimental and control compounds.,
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The prasent invention may be understood more readily by reference to the
following detalled description of the prefarred embodiments of the invention and the
Examples included hersin.

Befinitions

The terms used hereln have their ordinary meaning and the meaning of such
terms is independent at each cocurrence thersof. That notwithstianding and aexoept
where stated otherwise, the following definiions apply throughout the specification
and claims. Chemical namss, common names, and chemical struchires may be
used interchangeably to desoribe the structure, ¥ a chemical structure and a
chemical name, and an ambigully exists betwsen the sbructure and the name, the
structure predominates. Thess dafinitions apply regardless of whether a term is used
by fself or in combingtion with other terms, unless otherwise indicated. Hencs, the
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definition of “alkyl” applies to “alkyl” portions of "hydroxyalkyl,” “luoraalkyl,” *-O-alkyl,”
&, unless otherwise indicated.

As used herein, and throughout this disclosurs, the following terms, uniess
utherwise indicated, shall be understood o have the following meanings:

A “patient” or “subject” is & human or non-human mammal  In one
embodiment, a patient or subject is 8 human. In ancther embodiment, a patient or
subject is a chimpanzes.

The term “therapeutically effective amount” as used hersin, refers o an
amount of the compound of Formula (1) and/or additional therapeutic agent, or a
composition  thereof that is eoffective in produsing the desired therapeutic,
ameliorative, inhibitory or prevertative effsct when administered o a patient suffering
from cancer or ancther diseass or disonder of undesirable coll profiferation. In the
combination therapies of the present invention, a tharapeutically effective amount
can refer 1o each indhidual agent or to the combination as 2 whole, wherein the
amounts of all agents administersd are fogether offective, but whevein the
component agent of the combination may nof be present individuslly in an effective
amount. In reference 1o the treatment of cancer, a therapeutically effective amount,
refers to that amount which has the effect of {1) reducing the size of the tumor, {2}
inhibiting (that is slowing to some extent, preferably stopping) tumor metastasis, (3}
inhibiting o some extent (preferably stopping) fumor growth or umor invasiveness
andfor {4} refleving to some extent {or preferably, eliminating) one or more signs or
symptoms associated with cancer.

The term “praventing” as used herein with respect to cancer or & disease or
disorder of undesirable cell proliferation, refers to reducing the likelihood or rate of
dissase or disorder progression.

The use of a dashed or dolted line signifiss a single bond between sald
molecular fragment and another defined molecular fragment.  For example, the
selection of V1 for V in Formula (1) vields the following structure:
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The term “alkyl” as used herein, refers to an aliphatic hydrocarbon group
having one of iis hydrogen atoms replaced with a bond having the specified number
of carbon atoms. The alkyl group may be siraight chain or branched chain groups.
Alkyl substituents typically contain 1 to 20 carbon atoms “(C1-C20alkyl”, preferably
1-12 carbon atoms “{C1-C12)alkyl”, more preferably 1 to 8 carbon atoms “C1-
C8lallyl’, or 1 to 6 carbon atoms “{C1-C8)alkyl”, or 1 to 4 carbon atoms “(C1-
Cdialky!”. In different embodiments, an aliky! group contains from 7-12 carbon atoms
{C7-Cl2)alioyl” or from 7 to 20 carbon atoms “(C7-C20)elkyl”. Non-limiting examples
of alkyl groups Include methyl, athyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobuty,
tert-butyl, n-pentyl, neopentyl, isopantyl, n-hexyl, isohexyl and nechexyl. Akt
groups described herein as optionally substituted {"optionally substituted alle!") may
be substituted by one or more substituent groups, which are selected independently
unless otherwise indicated. Alkyl groups described hersin as substituted atkyl
{"substituted alkyl’) will be substituted with one or more substituent groups, which are
selected independently unless otherwise indicated. The total number of substituent
groups may equal the tolal number of hydrogen atoms on the alkyl molety, o the
extent such substitution makes chemical sense. Optionally subsiituted alkyl groups
typically confain from 1 {o & oplional substituents, preferably from 1 o 4 optional
substituents and more preferably from 1 {o 3 optional substituents. For example, an
optionally substituted ethylene group is “optionally substituted (CR)allky?” and a
substituted ethylene group is “substituted (C2)alkyl”.

Suitable substituent groups for both, “optionally substituted aliyl” and
“substituted allkyl” include, but are not limited to (C3-C8loycloalkyl, 3-12 membered
heterocyolyl, (C8-CA2%aryl, 512 membered heteroaryl, halo, =0 {(oxo), =3 {thiono),
=N-CN, =N-OR, =NR", -CN, -C{OIR”, -CORY, -CIOINR'RY, -8R% .SORY -50,7%
-SOZNRTRY, -NO,, -NRFRY, -NRICIOWRY, -NRSCONRERY, -NRYC(OIORX .
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NRFSORY, -NRYSONRIRY, -ORY, -OC{OR” and -OCIOINR'RY: where in sach RS
and RY is independently hydrogen, {(C1-C8lalkyl, {C2-C8lalkeny, {C2-C8alkym,
{G3-UBjoycloalkyl, 3-12 membared heterocyelv, (C8-C12)aryl, or 512 memberad
hetercaryl, or R® and RY may be taken tegether with the nitrogen atom to which thay
are aftached 1o form 8 3-12 membered heteroovelyl or 5-12 membeyed heteroand
system, each optionally containing 0, 1 or 2 additional heteroatoms; each RS and &Y
i optionally substituted with 1 o 3 subsifiuents independently sslected from the
group consisting of halo, =Q, -CN, -C{OW, -CO:R’, -C{OINR’;, -S0.R’, -NR', -5
wherein each R’ s independently hydrogen, (C1-C8)alky, {C3-Chloycloalkyl, or 3-12
memberad helercoyelyl. However, sulfable substituent for “substituted alkyt” doas not
include hydrogen.

“Alkenyt” refers to an alkyl group, as defined herein, consisting of at least two
carbon atoms and at least one carbon-carbon bond, Typically, alikenyl groups have 2
o 20 carbon atoms “(C2-C20jatkenyl, preferably 2 to 12 carbon atoms 2~
C12)alkenyl”, more preferably 2 to 8 carbon atoms HC2-Clalkenyl”, or 2 10 § carbon
atoms (G2-Chlalkenyl”, or 2 to 4 carbon atoms (C2-Cdialkeny?”. Representative
examples include, but are not limited to, sthery, 1-propanyl, 2-propenyl, 1-, 2-, or 3-
butenyl, and the like. Suitable substituent groups for alkenyl are as described hersin
for, "optionally substituted alkyl” and “substituted aliy?™.

“Alkynyl” refers to an aliyl group, as defined herein, consisting of at least two
carbon atoms and at lsast one carbon-carbon iple bond. Alisymyl groups have 2 fo
20 carbon atoms “(C2-C20elkynyl”, preforably 2 to 12 carbon atoms HC2-
Ci2kalkynyl”, more preferably 2 to 8 carbon atoms HC2-Clialkyny!”, or 2 10 6 carbon
stoms “(C2-Chalkyryl”, or 2 to 4 carbon atoms “(C2-C4)alkynyl”. Hepresentative
axamples includs, but are not limited to, athynyl, 1-propynyl, 2-progynvl, 1-, 2-, or 3-
butynyl, and the ke, Allynyl groups may be unsubstifuled or substituted.  Suitable
substituent groups for alkynyl are as described hersin for, “optionally substiiuted
alioyl” and “substituted allyl”

The term “fluoroalkyl,” as used hersin, refers to an alkyl group as defined
above, wherein one or more of the alkyl group’s hydrogen atoms has besen replaced
with a fluorine.  In one embodiment, a fluorcalkyl group has from 1 to 6 carbon
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atoms. In ancther embodiment, a fluorcalky! group has from 1 to 3 carbon atoms. In
ancther embodiment, a fluoroalkyl group is substiuted with fom 1 to 3 fluorine
atoms. Norvlimiting examples of fluoroalid groups include -CHF, ~CHF,, and -OF,.
The term “(C1-C3} fluoroalky!” refers to a Auorcaliyl group having from 1 to 3 carbon
atoms. The term Y{C1)fuoroalkyl” refers to -CHyF, -CHF,, and -CF,.

The term “aryl” as used hereln, refers to an aromatic monooyclic or muiticyclic
ring system comprising from 8 fo about 14 carbon stoms. In one embodiment, an
aryl group containg from about 8 to 10 carbon atoms (Ce-Cie anvl).  In another
embodiment, an aryl group is phenyl. Non-imiting examples of anyl grouns includs
phenyl and naphthyl.

The term “cycloalkyl” as used herein, refers fo a saturated ring containing the
specified number of ring carbon atoms, and no heteroatoms. Cycloalky! substituents
typically contain 3 1o 8 carbon atoms “(C3-C8loycloalky!”, preferably 3-7 carbon
atoms {C3-CTioycloalkyl”, more preferably 3 to 8 carbon atoms “(C3-C8oycloaliyl”,
or 3 to & carbon atoms “(C3-Chjoycloalil”.  Non-limiting examples of monocyclic
cycloakyls include cyclopropyl, cyclobutyl, cyclopentyl, and cycliohexyl. Cycloaliod
groups described herein as optionally substitited (“optionally substifuted cycioalkyl™)
may be substituted by one or more substituents groups, which are sslected
independently unless otherwise indicated. Cycloalkyl groups described herein as
substituted cycloalloyl ("substituted cvcloalky!™) will be substituted with one or more
substituent groups, which are selected independently uniess otherwise indicated.
The fotal number of substituent groups may equal the total number hydrogen atoms
on the cycloalkyl molaly, 1o the extent such substitution makes chemical sense.
Optionally substituted cycloalky! groups typically confain from 1 to 6 optional
substituents, preferably from 1 fo 4 optional substituents and more preferably from 1
to 3 oplional substituents. For example, an optionally substituted cyclopropy! group
is “optionafly substituted (C3)oycloalkyl” and a substituled cyclopropyl group is
“substituted {C2)oycloalkyl’. In one embodiment 3 cycloalicy! group contains 3 to §
carbon atoms, “(C3-C8oycloatkyl”. In another embodiment a substituted cycloaliod
group containg 3 fo § carbon atoms, “substituled (C3-C8lcoycloalkyl”.  Suitable
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substituent groups Tor cycioalkyl are as described herein for, “optionally substituted
alkyl” and "substituted aliey!”,

The term ‘“cycloalkenyl® as used herein, refers fo partislly unsaturated
carbocyclic ring systern containing the specified number of carbon stoms.

5 Cycloalkeny! substituents typically contain 4 to 8 carbon atoms H{C4-CBieycloalkeny!”
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and preferably 5-6 carbon atoms “{C5-C8)cycloalkenyl”. MNon-Emiting examples of
monocyelic cycloalkenyls include cyclobuteny, cyclopentenyl, cyclohexsnyl, and
cycioheptenyl. Cycloalkenyl groups described herein may be optionally substituted
{‘cycloalkenyl”) with one or more substituent groups, which are selected
independently unless otherwise indicated. The folal number of substitusnt Groups
may equal the total number of hydrogen atoms on the cycloalkenyl moiety, o the
extent such substitution makes chemical sense. Optionally substituted cycloatkanyl
groups typically contain from 1 to 6 optional substituents, preferably from 1 to 4
optional substituents and more preferably from 1 to 3 optional substituents. For
example, a cyclopentenyl group is (CSjoycloatkenyl” and an optionally substituted
cyclopenteny! group is “optionally substituted (CSioycioalkenyl”. In one embodiment
a cycloalkeny! group containg 4 to & carbon atoms, HC4-C8leycloalkenyl”. Suitable
substituent groups for cycloalkeny! are as described hersin for, “aptionally substituted
alky!” and “substituted alkyl™.

The term “cycloalkylalkyl” as used hersin, refors to a cycloalky! ring, typically a
{C3-Cllnycloaliodd, which is connected to the base molscule through an alkviene
linker of 1 to 6 carbon atorms “(C1-CBlalkylene”. Cycloalkylalky! groups are described
by the number of carbon atoms in the carbocyclic ring and the number of carbon
atoms in the linker. Cycloalkyialkyl groups described herein as optionally substituted
{("optionally substituled cycloakylaliy”) may be substituted by one or mors
substituent groups, which are selected independently unless otherwise indicated.
Cycloalkylalky! groups described hersin as substituted oyclealkylalkyl (“substituted
eycloalkylalky!™) will be substituted with one or more substituent groups, which are
selected independently unless otherwise indicated. The total number of substiivent
groups may equal the fotal number of hydrogen aloms on the cycloalkylalky! moiety,
fo the oxtent such subsifiution makes chemical sense. Optionally  substituled
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cycloalkylaliyl groups typleally contain from 1 o 8 optional substifuents, preferably
from 1 o 4 oplional substituents and more preferably from 1 to 3 oplionsl
subsiituents. In one embodiment a cycloaliod group contains 3 fo 8 carbon aloms
and the linker akyl group containg 1 to 6 carbon atoms, O 3-C8eycloalio{ G-
CBlallyl”. For example, cyclopropylethvl group is O Seycloakyl{C2ialky?” and an
oplionally  substiled  cyclopropylethyl  group s ‘optionally  substituted
{Coycioalyl{C2ialied™.  In addition, 8 substiuted cycloprapylethyl group s
‘substituted (Clicyoloalkyl(C2)aky!”. Sultable substituent groups for cyckoaliovlalkyl
are as described herein for, "optionally substituted allod” and “substituted alky!”

The term “cycloatkenvialkyl” as used herein, refers io a cycloalkeny! ring,
typically a (C4-C8jeycloalkeny], which is connected 1o the hase moleculs through an
alkylene linker of 1 to 6 carbon atoms “(C1-CBlakviens”. Cycloatkenyialkyl groups
are described by the number of carbon atoms In the carbooyolic fing and the number
of carbon atoms In the linker. Thus a {Chcycioakyvenyl{Cialkyl” group 8 &
cyclopentenyl group connected o the base molecule though a methyiene group {-
CHe-l Cycloalkenylalkyl groups described herein may be optionally substituted by
one or more substituent groups, which are selected indepsndently unless otherwise
indicated, The total number of substituent groups may equal the total number of
hydrogen atoms on the cycioalkenylalkyl molsty, o the extent such substitition
makes chemical sense. Opticnally substituted cycloatkenylalkyl groups typically
cortain from 1 to § optional substituents, preferably from 1 1o 4 aptional substituenis
and more preferably from 1 to 3 optional substifuents. In one embodiment a
cycioalkenyl group containg 4 to 8 carbon stoms and the linker alky! group containg 1
o & carbon  atoms,  “(C4-CBlcycloalkenyi(C1-C8)alkyl. For saxample,
cyclopentenylsthyl group is “(ClloycloalkenyilCRalky!” and an optionally substituted
syclopentenyviethyl group is “optionally  substituted {CSoycloatkenyi{C2)alloyl
Sultable substituent groups for cwcloalkenyialiyl are as described hersin for,
“optionally substifuted afiol” and “substituled aflol”.

i some instances, substituted alkyl groups may be specifically namead with
referenca to the substituent group. For example “haloalkyl” refers to an alloyl group
having the specified number of carbon atoms that is substituted by one or more halo
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substituents, and typically contain 1 to 8 carbon atoms and 1, 2 or 2 halo atoms {i.e.,
{C1-Caihaloalkyl™). Thus, a (C1-Coihaloalkyl group includes irifluoromethyl (CFy)
and diffluoromethyl (-CFH).  Haloalind groups described hersin as opticnally
substituted ("optionally substituited haloatky?”) may be substituted by one or more
substituent groups, which are selecled independently unless otherwise indicated.
Haloatkyl groups described herein as substituted haloalid (“substituted haloafio™
will be subslitted with one or more substifuent groups, which are selected
independently unless otherwise indicated. The fotal number of substituent grouns
may squal the total number of hydrogen atoms on the haloalkyl moiety, to the extent
such substitution makes chemical sense. Optionally substituted haloaliod groups
typically contain from 1 fo 6 optional substifuents, prefarably from 1 to 4 optional
substituents and more preferably from 1 to 3 optional substituerts, For axample, an
optionally substituted halopropyl group is “optionally substituted {C3haloaliod” and a
substituted halopropyl group is “substituted (C3lhaloali”. In one embodiment
cycivalkyl group contains 1 to § carbon atoms, *(C1-C8haloalkyl”. In another
embodiment a substituted haloalkyl group contains 1 to 8 carbon atoms, “substituted
(C1-CBihaloatkyl”. Suitable substituent groups for haloalkyl are as described herein
for, “optionally substituted aliyl” and *substituted alky!™.

“Alkoxy” refers to a monovalent -O-alleyl group, wherein the alkyl portion has
the specified number of carbon atoms. The alkyl portion of the atkoxy group, may be
straight chain or branched chain groups. Alloxy groups typically contain 1 fo 8
carbon atoms “(C1-C8lalkoxy”, or 1 to 8 carbon stoms HC-Clalkoxy” or 1 10 4
carbon astoms (C1-Cdlalkoxy”. Nordimiting examples of alkoxy groups include
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy and t-butoxy.,  Alkoxy groups
described herein as optionally substituted (“optionally substituted alkoxy™) may be
substifuted by one or more substifuent groups, which are selected independently
uniess otherwise indicated. Alkoxy groups described herein as substituted atkoxy
{"substituted allcoxy”) will be substituled with one or more substitluent groups, which
are selecled independently unless otherwise indicated. The total number of
substituent groups may equal the total number of hydrogen atoms on the alkoxy
moiety, to the extent such substitution makes chemical sense. Optionally substituted
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alkoxy groups typically contain from 1 1o 6 optional substifuants, preforably from 1 fo
4 optional substifuents and more preferably from 1 to 3 optional substituents. For
example, an optionally substituted ethoxy group is "optionally substituted {Cakkoxy”
and a substituted butoxy group is “substituted (Cd)alkoxy”. In one embodiment an
atkoxy group contains 1 {o 8 carbon atoms, YC1-Coalkoxy”. In another embodiment
a substituled alkoxy group contains 1 o 8 carbon atoms, “substituted {C1-C8lalkoxy”.
Suilable substituent groups for alkoxy are as described herein for, “optionally
substituled alkyl” and “substituted alioi”.

The term “haloalkoxy” refers fo a monovalent -O-haloalkyl group wherein the
alict portion has the specified number of carbon atoms that are substituted by one or
more halo substifuents, and typically contain 1 to 8 carbon atoms and 1, 2 or 3 halo
atoms (e, {(C1-Coihaloalkoxy™) In some instances, substituted alkyl groups may be
spacifically named with reference to the substituent group. For example “halosikoxy”
refers o an alkyl group having the specified number of carbon atoms. Thus, a {9~
C4ihaloalkoxy group includes trifluoromethoxy (-OCF3). Haloalkoxy groups described
herein may be substituted by one or more substituent groups, which are seiscted
independently unless otherwise indicated. The tolal number of substituent groups
may equal the tolal number of hydrogen stoms on the haloaliod molety, o the extent
such substitution makes chemical sense. Optionally substituted haloalkoxy Qroups
typically contain from 1 to 3 optional substituents and preferably from 1 1o 2 optional
substituents. In one embodiment a haloalkoxy group contains 1 to 8 carbon atoms,
{C1-Co)haloalkoxy”. An example of & substifuted haloalkoxy group containg 1 to 8
carbon atoms, “(C1-C8ihalealkoxy”, Suitable substituent groups for haloalkyloxy are
as described herein for, “optionally substituted alky!” and “substituted alikyl”.

The term “halo” as used herein, means -F, -Cl, -Br or -1 In one embodiment, a
hale group is -Cl. In another embodiment, 8 halo group is -Br.

The term "acyt” as used herein means -C{Ojalkyl or -C{Ocycloalkyl. The alkyl
group may be straight chain or branched chain groups. Alkyl substituent of an acyl
group fypically contain 1 to 20 carbon atoms, preferably 1-12 carbon atoms, more
preferably 1 to 8 carbon atoms, 1 1o 6 carbon atoms, or 1 to 4 carbon atoms. The
cycloalkyl substitusnt of an acyl group typically contain 3 to 8 carbon aloms,
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preferably 3-7 carbon aloms, mors preferably 3 to 8 carbon atoms, or 3 to § carbon
atoms. The alkyl and cycloalky! moieties may be substituied, Suitable substituent
groups are as described herein for, "optionally substituted alkyl” and “substiiuted
alkyt”.

The term “aryl” or “aromatic” refers to an optionally substituted monocoyclic
biaryl or fused bicyclic ring systems, having the well-known characteristics of
aromaticlly, wherein af lsast one ring contains a completely conjugated pi-electron
system. Typically, aryl groups contain 6 to 20 carbon atoms, "([C8-20aryl" as ring
members, preferably € to 14 carbon atoms “(C8-C14)any?™ or more preferably 8 10 12
carbon atoms {C8-Ci2janyl”. Fused aryl groups may include an anyl ring {8.4., 8
pheny! ring) fused to another aryl ring, or fused fo a satursted or partisfly ursaturated
carbocyefic or heterocyelic rfing.  The point of attachment to the base molecule on
such fused any ring systems may be a carbon atom of the aromatic portion or &
carbon or nitrogen atom of the nor-aromatic portion of the ring system. Example,
without limitation, of aryl groups include phenyl, bipheny, naphthyl, anthracenyl,
phenanthreny!, indanyl, indenyl, and tetrahydronaphthyl. The anyl group may be
unsubstituted or substituted as further described herein.

The term “heleroaryl” or heteroaromatic” as used herein, refers o an aromatic
monocyclic or multicyclic ring system comprising about 5 to about 14 ring atoms,
wharein from 1 fo 4 of the ring atoms is independently N, O, or 8 and the remaining
ring atoms are carbon atoms. These systems having the wel-known characteristics
of aromaticlty, Heteroaryt rings are attached fo the base molecule via a ring atom of
the heleroaromatic ring, such that aromaticity Is maintained. The inclusion of a
hateroadom permits aromaticlly In S-membered rings a8 well as 8 memberad rings.

: in one embodiment, & hetercaryl group has 8 to 10 ring atoms.  In ancther

embodiment, 2 heteroany! group is & monocyolic ring system and has S o 8 sing
atoms. In another smbodiment, a hetersryl group is & bicyclic ring system.  The term
“heteroaryl” also includes a helersary], as defined above, fused to a heterocyohd as
defined below. The ferm “hetercaryl” alsc encompasses a hetercaryl group, as
defined above, which is fused fo a benzene, 3 cyclohexadiene or 3 cyclohexans ring.

Non-limiting examples of hetercaryls include pyridyl, pyraziny, furany, thiernyl,
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pyrimidingl, pyridine  {including N-substituted pyridines), isoxazoly, isothiazoh,
oxazolyl, oxadiazolyl, thiszolyl, pyrazonyl, furyl, pyrrolyl, triazobyl, 1,2 4-thiadiazohy,
pyrazinyl, pyridazinyl, indob, quinoxafing, phthalazin, oxindobd, imidazolt,2-
ajpyridinyl, imidazo[2,1-bithiazolyl, and alike. In one embodiment, a heteroaryl group
is optionally substifuted, as described hersin, “optionally substituted heteroand’

The terms “helerocyclyl”, “heterocydlic® or “heteroalicyclic™ may be used
interchangeably hersin, o refer to & non-aromatic saturated or partially saturated
monocychic or multicyclic ring system containing 3 to 11 ring atoms, wherein from 1 o
4 of the ring atoms are independently O, 8, or N and the remainder of the ring atoms
are carbon atoms. In one embodiment, a heterocyelic group is monocyelic and has §
ring atoms, “S-membered heterocyclic ring”. In another embodiment, a heterocyolic
group is 8 monoeyelic and has 6 ring atoms with either { or ring atoms being a
hetercatom, “8-membered heterccyclic ring containing 1 or 2 heteroatoms”.  In
another embodiment, a heterocyclic group is monooyclic and has either 4 or 5 ring
stoms, “4- or S-memberad heterocyclic ring”. In another embodiment, a heterocyclic
group has 7, 8 or 8 ring atoms, “7-, 8- or 3-membersd heterocyclic ring”. In another
embodiment, 2 heterocyclic group is bicyclic. A heterocyclic group can be joined to
the rest of the molecule via a ring carbon or ring nitrogen atom. The nitrogen or
sulphur atom of the heferocycly! can be optionally oxidized o the corrasponding N-
oxide, S-oxide or 5,5-dioxide. Non-fimiting examples of the monocyclic hatersoyalic
rings include oxetanyl, piperidyl, pyrroliding, piperazing, morpholing, thiomorpholin,
thiazoliding, dihydropyranyd, gyran, 1.4-dioxanyl, tetrahydrofuranyt,
tetrahydrothiophenyl, defta-lactam, della-lactone and the like. Heterocyolic groups
may be unsubstituted or substituted, when specified, by the same groups suftable for
alkyl, aryl or heleroanyl. In ons embodiment a heterocyclic ring containg 8 stoms and
is substituted with 1 to 4 groups as defined herein, “S-membersd heterocyclic ring
substituted with one fo four groups™. In addition, ring nitrogen atoms may be
optionally substituted, when specified, by groups suitable for an amine, e.g., alk,
acyl, carbamoyl, sulfony! substituents, efc., and ring § atoms may be optionally
substituted by 1 or 2 oxo groups {ie., S0}y, where g is 0, 1 or 2. in one
embodiment a 4 or 5 membersd heterocycic ring is optionally substituted, as givan
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above, “optionally substituted 4- or S-membered helerooyclic fng”.  In another
ambodiment, & 7, 8- or S-membered heterscyclic ring is optionally substituled, as
given above, “optionally substituted 7-, 8- or S-membersd heterotyelic ring”.

Aryl, helercaryl and helerocyolic moileties described herein as optionally
substituted ("optionally substituted”) may be substifuled by one or more substituent
groups, which are selected independently unless otherwise indicated.  Ani,
heteroaryl and heterocyclic moisties described hersin as substituted {"substituted”)
are substituted by one or more substituent groups, which are selecied indepandently
uniess otherwise indicated. Optionally substituted aryl, heteroan or heterocyolic
groups typically contain from 1 1o § optional substituents, sometimes 1 o 4 optional
substituents, preferably 1 10 3 optional substituents, or more preferably 1-2 optional
substituents.  Substituted aryl, hetercaryl or heterocyclic groups contain at lsast one
substituent as described herein and may optionally contain up to 5 total substituents
gach independently selected.

Substituent groups sultable for arv, hetercaryl and heterocyclic rings include,
but are not limited tor (C1-CBlalkyl, (C2-Cllalkenyl, {C2-Cllalkynyl, {(C3-
Cjeycloalkyl, 312 membered heterocyclyl, (C8-Ci2lryl, 512 membersd
heteroaryl, halo, =0 {oxo), =5 (thiono), =N-CN, =N-OR* =NR* -CN, C{OWRY, -
CORY, -CIOINR'RY, -8RY -SORY -SO.RY -SO2NRFRY, -NO, -NRRY
NRIC{OWRY, -NRECIOINRTRY, -NRICIOIOR®, -NRESORY, -NRSONR'RY, -ORX -
OC(OR" and -OC{OINR™RY; where in each R and RY is independently hydrogen,
{C1-CBlatkyl, (C2-Colalkenyl, {C2-Chlalkynyl, (C3-C8loycloaliyl, 3-12 membered
heterocyclyl, (C8-C12)aryl, or 5-12 membered heteroaryl, or R* and RY may be taken
together with the nitrogen atom to which they are attached to form a 3-12 maembered
heterocycly! or 8-12 membered hetercary! system, sach optionally containing G, 1 or
2 additional heteroatoms; each R and RY is optionally substituted with 1 to 3
substituents independently selected from the group consisting of halp, =0, -CN, -
C{OR, -COR, -C{OINR";, -SO:R’, -NR',, -OR’, wherein each R' is independeantly
hydrogen, (C1-C8lalkyl, {(C3-CBjeycloalkyl, or 3-12 membered heterocychl. Howevar,
suitable substituent for “substituted alky!” does not include hydrogen.
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“Uinsubstituted aming” refers to a group -NH,, Whaere the aming is describad
as substituted or optionally substituled, the term includes groups of the form -NRRy,
where sach Ry and Ry is independently selected from hydrogen, (C1-C8lalkyl, (C3-
COeycloalkyl, alkynyl, heterocyolyl, acyl, aryl, heteroary, thicacyl, cyoloatkylalkyl,
arylaliyl, or hetercallkylalkyl, in 2ach case having the specified rumber of atoms and
optionafly substituted as described hersin.  Typicaily, alkyl substituents on amines
cordain 1 to 8 carbon stoms, preferably 1 fo 6 carbon aloms, or more praferably 1 o
4 carbon atoms. The term also includes forms wherein Ry and Ry are taken together
with the nitrogen to which they are attached to form 3 3-12 membersad heterooyelyl or
&-12 membered hetercaryl ring, each of which may be optionally substiuted as
described herein for heterocyelyl or heteroany! rings and which may contain 1 to 3
additional heterostoms selected from N, O, and 8 as ring members, provided that
such rings do not contaln contiguous oxygen aloms or contiguous suiphur atoms,
The term, as described above, extends fo the amino residue of another functional
group {(for example, -C{OINRxRy, -8(OLNRyRy, and alike). In one embodiment, Ry
and Ry of -NRRy; of -C{OINRyRy, may be taken together with the nifrogen to which
they are attached to form a ring {a 3-12 memberaed heterocyol or 5-12 membered
heteroaryl ring, each of which may be oplionally substituted as described hersin for
heterocyciyl or hateroaryt rings and which may contain 1 to 3 additional heteroatoms
selacted from N, O, and § as ring members, provided that such rings do not contain
contiguous oxygen atoms of contiguous sulphur atoms). In another embodiment, Ry
and Ry of -NRRy; of -S{OLNRRy, may be taken togsther with the nitrogen to which
they are attached 10 form a ring {8 3-12 membered heterocyelyl or 5-12 memberad
heteroary! ring, each of which may be optionally substituted as described herein for
heterocyclyl or hetercany! rings and which may contain 1 to 3 additional haeteroatoms
salacted from N, O, and S as ring members, provided that such fings do not contain
contiguous oxygen atoms or contiguous sulphur gtoms),

Two adjacent substifuents on a ring may be taken together, with the atoms o
which they are attached, to form a ring. The fermlogether with the carbons atoms o
which they are attached may form 2 ring” is defined herein to maan two adiacent
residues residing on a ring may be combined fogether with the carbon aloms to
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which they are attached fo form a 3-12 membered heterocychl, 8 3-7 membered
carbocyclyd, or a §-12 membered heteroany ring, each of which may be optionally
substituted as described herein for heterocyely! or heteroand rings. Thus formed
heterocychyl and heteroaryl rings may contain 1 to 3 sdditional heternatoms selected
from N, O, and 8 as ring membars, (provided that such rings do not contain
contiguous oxygen aloms or contiguous sulphur atoms),  Non-limiting examples
derived from a sultably substituted phenvl moieties of compound of Formula {1}
include, but are not imited to, benzofuranyl, benzothiophenyd, indolyl, benzimidazohd,
indazolyl, benzotrizolyl, indazolyl, quinoling, isequinoling, cinnoling, azaquinazoline,
quinoxalinyl, 2, 3-dihydro-1H-indeny, phthalanyl, 2.3-dihydrobenzofuryl,
benzodioxoyl, benzodioxanyl, and the like. Nondimiting examples derived from two
substituents on & hetersocyoivl ring includs, but are not limited o

and afike. Non-limiting examples derived from two substituents on an aryl ring
include, but are not limited 1o
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and alike.

The term “substituled” means that one or more hydrogen atoms of the
designated are replaced with a selection from the indicated group, provided that the
atoms’ normal valencies under the existing circumstances are not exceeded, and that
the substitulion results in a stable compound. By “"stable compound” or “stable
structure” is meant a compound that is sufficiently robust to survive isolation o a
useful degree of purlty from a reaction mixture, and formulation into an efficacious
therapeutic agent.

When any substituent or variable ocours more than one time in any constituent
or the compound of Formula (1), iis definition on sach ocourrence s independent of
ifs definition at svery other ocourence, unfess otherwise indicated,

The term "in purified form” as used herein, refers o the physical state of &
compound after the compound is isolated from a synthetic process {eg., from a
reaction mixture), a natursl source, or a combination thereof. The ferm “in purified
form” also refers to the physical state of a compound after the compound is obtained
from a purification process or processeas described herein or well-known to the skilled
artisan (2.g., chromatography, recrystallization and the like).

it should be noted that any carbon as well as heteroalom with unsatisfied
valences in the text, schemes, axamples and tables harein is assumed o have the

sufficient number of hydrogen atom{s) to satisfy the valences.
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Une or more compounds of the invention may exist in unsolvaled as well as
solvaled forms with pharmaceutically acceplable solvents such as water, ethanol,
and the like, and It is intended that the invention embrace both solvated and
unsolvated forms.

The compounds of Formula () may contain one or mors sterecgenic centers
and can thus ocowr 88 racemales, racemic midurss, single enantiomers,
diastersomeric mixtures and individual disatereomers. Each such asymmetric canter
will independently produce two optical isomers and # is intended that afl of the
possible oplical somers and diastersomers in mixtures and as pwe or partially
purified compounds are includad within the ambit of this invention.

As used herein, the term “composition” is infended o encompass & product
comprising the specified ingredients in the specified amounts, as well as any product
which results, directly or indirectly, from combination of the specifisd ingredients in
the specified amounts.

In the compounds of generic Formula (1), the afoms may exhibit thelr natural
isotopic abundances, or one or more of the atoms may be artificially enriched in a
particular isofope having the same atomic number, but an atomic mass or mass
number different from the atomic mass or mass number predominantly found in
nature. The present invention is meant to include all sultable isotopic variations of
the compounds of generic Formula (). Enriching in 2 particular isotope may provide
an advantageous characteristic(s), for example enriching for deuterium may afford
certain therapeutic advantages, such as increasing in vivo half-life or reducing
dosages. in addition, isotopic enrichment may also enrich a compound's usefulness
in the characterization of biological samples. Compounds enriched in a specific
isolope may be prepared via synthetic methods described herein and methods
known to those skilled in the art by using reagents and starting material enriched with
the specific isotope.

Prodrugs of the compounds of the invention are contemplated herein. The
term “prodrug’, as employed herein, denotes a compound which upon administration
to & subject, undergoes chemical conversion by metabolic or chemical processes io
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vield & compound of Formula (1), Prodrugs may have beneficial properties, such as
but not limited to, the enhancement of absomtion andfor oral bivavailability.

The compounds of Formula (1) may in some cases form salls which are also
with the scope of this invention. Reference to 2 compound of the formula {I} herein is
understood {0 include reference o salts thereof, unless otherwise noted. The term
“sali(s)” as used herein denotes scidic andlor basic salls formed with inorganic
andfor organic acids and bases. Zwilterionic (intemal or inner salts} are included
within the term “sal{s})” as used herein {and may be formed, for example, where the
R substituents comprise an acid molety such as a carboxyl group). Also included
herein are quaternary salls ammonium salts such as alkylammonium  salls,
Phamaceutically acceplable {ie., non-toxic, physiologically acceptable) salts are
preferred, although other salts are uselul, for example, in isolation or purification
steps which may be smployed during preparation. Salls of the compounds of the
Formula (1) may be formed, for example, by reacting a compound of Formula {i} by
reacting & compound of Formula () with an equivalent amount of an acid or base in a
medium such as one the allows for the precipitation of the salt (example, ather) or in
an agueous medium followed by vophilization.

Exemplary acid addiion salis include acetates, ascorbates, bengosies,
banzenssulfonates, bisulfates,  borstes, butyrates, clrates, camphorates,
camphorsulfonates, fumarstes, hydrochiorides, hydrobromides, hydroiodides,
lactates, meleates, methanssulfonates, naphthalenesulfonates, nitrates, oxalstes,
phosphates, propionates, salicyistes, succinates, sulfates, tartarstes, thiocyanaiss,
toluenesulfonates (also known as fosylates), and the lke. Additionally, acids which
are generally considered suitable for the formation of phamaceutically ussful salts
from basic pharmaceutical compounds are discussed, for example by P. Siahl et al,
Camille G. (eds.) Handbook of Pharmaceutical Salts. Properties, Selection and Use.
{2002} Zurich: Wiley-VOH. This disclosurs is incorporated herein by reference.

Exemplary basic salls include ammonium salts, alkall metal salts such as
sodium, lithium, and polassium salts, alkaline earth metal salts such as calcium and
magnesium salts, salts with organic bases {for example, organic amines) such as

dicyclohexylamines, tbutyl amines, and salis with amino acids such as argining,
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Iysineg and the like. Basic nitrogen-containing groups may be quarternized with
agents such as lower alkyl halides {e.g., methyl, ethyl, and huty chiorides, bromides
and iodides), disliod sulfates (e.q., dimethyl, diethyl, and dibutyl sulfates), long chain
halides {e.g., decyl, launvl, and stearyl chiorides, bromides and iodides), araliy
halides (e.g., benzy! and phenethyl bromides), and others.

The present invention further includes compounds of Formula (1) in sl their
isolated forms.

Compounds of the Invention
In one aspeact, the invention provides a compound of Formula (I):

0
In Formula |, Ry and R, are independently selected from the group consisting of
hydrogen, -F, -Cl, -Br, -, -CN, {C1-C3lhaloalioxy, (C1-Cdlalkoxy, {C1-C8) alieyl, (T3-
Cojeycloalion, (C2-Calalkynyl or {C1-Coihaloatkyl; or alternatively, Ry and Ry may be
taken together with the carbon atoms to which they are attached to form a 3-8
membered ring; Ry, Ry and Rs are independently selected from the group consisting
of hydrogen, halogen, ~-ON, (C1-Cahaloalkyloxy, (C1-C4)atkoxy, {C1-Coalkyl, {C3-
Cojeycloalkyl, (C2-C8)alkyny! ang ({C1-Cohaloalkyk Rg  and Ry  are  esch
independantly selected from the group consisting of hydrogen or methyl; Rs and Ry
arg each independently selected from the group consisting of hydrogen, halogen and
{(C1-C3jalkyl; Rs and Ry together with the carbon atom fo which they are attached
may form a 3-membersd carbocyclic ring; Ry and R are each independently
selected from the group consisting of hydrogen, halogen and (C1-C3)alkyl; Ry and
Ry fogether with the carbon atom o which they are aftached may form a &
mambered carbocyclic ring; Ry and Ry are each inddependently selacted from the
group consisting of hydrogen, halogen and (C1-C3lalkyl; Riz and Ry fogether with
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the carbon afom o which they are attached may form a 3-membered carbocyelic
ing; Rus and Rys are each independently selected from the group consisting of
hydrogen, halogen, (C3-C8joycloalkyl and (C1-C3lafkyl, Ry and Rys together with
the carbon atom to which they are attached may form a I-membered carbocoyclic
nng, Ris and Ryy are each independently selected from the group consisting of
hydrogen, halogen, {C3-Célcycloalkyl and (C1-Clakyl; Ris and Ry tugether with
the carbon atom to which they are attached may form a S-membered carbocyclic
ring; Res and Ry together with the carbons atoms to which they are attached may
form & ring; V is independently selected from the group consisting of:

R2¢

Ri8

Ri3

R R2%

R2E_
ro8

R23

R34

V1, Y™ v ang
R and Ryp are each independently selected from the group consisting of hydrogen
or methyl, Rgo and Ry are each independently selected from the group consisting
of hydrogen, (C1-C8lakyl, or halogen; Ry, Rys and Ryg are required to have at least
one coourrence independently selected from the following: hydrogen, halogen, (C1-
Clalloyl, {C3-COjcycioalkyl, {(C3-COloycloalkyl{C1-C8)alkyl, (C1-CHhaloalkyl, -NHz, -
SH, -OH, (C1-CBlalkoxy, -NRpRa, substituted (C1-C8lalkyl, substituted (C3-
C8joycloalicyl,  substituted  (C3-COloycloalkyi{C1-C8)alkyl,  substituted  (O1-
Coihaloalkyl, substituted (C1-C8alkoxy, (C3-COcycioalkyC2-C8latkynyl, {C4-
Clloycloalikenyl, (C4-C8joycloalkenyl{ C1-C8lalkyl, Zs, Zp, Za, any, heteroany, -CN, -
NGz, -SRgg, ~C{OJOH, -C{O)ORy, -OC{O)0R g, {C2-C8)alkynyl, (C2-Cllalkenyl, (C1-
Chhaloalkyoxy, -8{0),0Ra;, -BO:NRuRss, ~8{00Rag, -NRuS{OLRy, ~CIONRRas,
~G{OR3s, and -NR3C{OWRa; Any remaining open position for substitution for Ry, R
and Faq is independently selected from the following: hydrogen, halogen, (C1-
Colalkyl, (C3-C8joycloalkyl, (C3-Coleyeloalkyl{T1-C8)alkyl, (C1-Chihaloally, -NHs, -
OH, -8H, (C1-C8latkoxy, -NRypRys, substituted (C1-C8lalkyl, substituted (03
COeycloalicyl,  substituted  (C3-CO)cycloalkyl{C1-CB)alkyl,  substituted  {C1-
Coihaloalkyl, substitited  {C1-Clalkoxy, (C3-COeycloalkyiC2-C8atkynyl, (C4-
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Cloyeloalkenyl, (C4-C8joycloalkenyl{C1-C8lalkyl, Ty, anyt, heteroaryl, -CN, -NGs, ~
SRaz, -C{OJOH, -C{OJORy, -OC{O0Rs, (C2-C8latkynyl, (C2-Cllatkenyi, {C1-
Colhaloaliyoxy, -8{0)20Rs,, -S0:NRuRys, ~S{0pRa, -NR2SIOLR:, ~C{OINR R,
-C{OIRs1, and -NRyC{ORsy; Res and Ry may be taken togsther with the carbon
atoms o which they are aftached fo form a ring; Ras and Ras may be togather with the
nitrogen to which they are attached fo form a ring; Ras, Res and Ry are independently
selected from the group consisting of the following: hydrogan, halogen, {C1-Caaliod,
(C3-CBleycloaliyl, {C3-COlcycloalkyl{C1-Cllalkyl, (C1-C8lhaloalkyl, -Ni,, -OH, -8H,
(C1-Colalkoxy, -NR3Rss, substituted (C1-C8laliyl, substituted {C3-Clcycioalind,
substituted (C3-CReyoloalky{C1-C8lalkyl, substituted (C1-Céihaloalkyl, substituted
{C1-Clatkony,  (C3-C8nycloalkyl{C2-CHiatiynyl, (C4-CBloycioalkenyl,  {(C4-
CBloycloalkenyl(C1-Cllalkyl, Zo, aryl, heteroaryl, -CN, -NO,, -SRs, -C(OWOH, -
G{O)ORs, ~OC{Q)0Ry;, {(C2-Calalkynyl, (C2-C8jakkenyl, (C1-C6haloalkyoxy, -
S{Q):0Rsz, ~S80NRaRy5, -8{0)Raz, -NR3; S(0)Ray, ~C{OWNRRas, -C{ORa:, and -
NR3sC{O)Ra; Ras, Ras, and Ry are independently selected from the group consisting
of the following:  hydrogen, halogen, (C1-C8alkyl, (C3-CBoyoloatkyl, (03-
Coloycloalkyl{C1-Chlalkyl, (C1-Chihaloalky, -NH:;, -OH, -8H, {(C1-Coalliony, -
MNRazRas, substituted (C1-CBlalkyl, substituted {C3-C8icycloalkyl, substituted {C3-
COlycloalikyi{C1-Colalkyl, substituted (C1-Céihaloalky!, substituted {C1-C8atkoxy,
{C3-Clloycloalkyl{C2-Colalkynyl,  (C4-UB)eycloalkenyl, {C4-C8leycloalkemd{C1-
Celalkyl, Zs, aryl, hetercany, -CN, -NOz, SRy, -C{O)OH, -C{O)OR, -OCIOIOR,,,
(C2-Colalkynyl, (C2-C8lalkenyl, (C1-CBihaloakyoxy, -S{0OR0Ra, -80NRyRas, -
S(O)Ra, -NRu8(0RRy, ~C{ONRyRas, ~C{OWRyy, and -NRC{ORay; Ros and Ry
together with the carbons atoms to which they are attached may form a ring; Rae and
Rag together with the carbons atoms to which they are attached may form a ring; Ras
is independently selected from the group consisting of hydragen, optionally
substituled (C1-C8lalkyl, optionally substituted {(C3-C@lcycloalkyl, and optionally
substifuted (C4-CBlalkenyl; Ry, is independently selected from the group consisting
of optionally substituted (C1-CBlakyl, optionally substituted {(C3-Cooyoloalkyl, and
eptionally substituted (C4-Cljalkenyl, Ra; is independently selected from the GrouUD
consisting of oplionally substitted (C1-CBlalkyl, optionally substituted (O3-

33



10

5

20

30

WO 2018/031987 PCT/US2017/046715

Cojoycloalkyl, and optionally substitted {C4-CBlalkenyl: Ray is indepandently
selected from the group consisting of hydrogen, optionally substituted {C1-C8alkyl,
optionally substifuted (C3-C8joyoloalkyl, and optionally substituted {C4-CBialkery;
Ras is independently selected from the group consisting of hydrogen, oplionally
substituted (C1-C8lalkyl, optionally substituted (C3-CBloycloalind, and optionally
substituted (C4-CBlalkenyl Ry is independently selected from the group consisting of
hydrogen, optionally substituted  {(C1-C8alkyl, optionally  substituted (C3-
Coleycloatkyl, and oplionally substituted {C4-C8lalkenvh Ruy and Ry are sach
independently selected from the group consisting of hydrogen or methyl, Ry and Ry
are sach independently selected from hydrogen or methyl; wherein Ry, Ry, Ry, R,
Rs, R, Rr, Ra, Ry, Rag, Rey, Rz, Rag, Rug, Rug, Rus, Ruy, Rus, Ryg, Rug, Raq, Rog, Rug
and Ras cannot simultanecusly be hydrogen; wherein R, is ~Gia, =Cl, -Br or -Ol0e
then Ry, Ry, Ry, Rs, Re, Ry, Ry, Ry, Rip, Ry, Rag, Rug, Rug, Res, Rig, Riy, Ruea, Ryg, Rog,
R, Raa, Ryg and Ry cannot simullansously be hydrogen: wherein Ry is -k or -G,
then Ry, Ry, Re, Rs, Re, Ry, R, Ry, Ryg, Ruq, Fia, Rag, Ry, Ris, Rug, By, Rug, Reg, Rag,
Ra1, Rez, Ros and Ry cannot simultanecusly be hydrogen; wherein R and R, are -F
then Ry, Ra, Ry, Ry, Ry, Re, Ry, Rug, Rar, Rez, Reg, Rua, Ris, Reg, Ri7, Rug, Rug, R, Ry,
Roz, Ros and Ryy cannot simuitaneously be hydrogen. & is an optionally substituted
8-membered heterocyclic ring containing 1 or 2 heleroatoms: % I8 an optionally
substituled 4~ or S-membered helerocyclic ring; 25 is an optionally substituted 7-, 8-
or B-membered helerocyclic ring; 24 Is an optionally substituted heterocyclic ring
system with 3 to 11 ring atoms; or a phamaceutically acceptable salt thereof,

In frequent embodiments, of Formula (1), Rs, B, Re, Ry, Ry, Ra Ry, Ryq, R,
Ris, Ry, Rus, Rus, Ry Ryg, Ryg are hydrogen,

in some embodiments, of Formuls (1), Ry is -ClL, -Br or -CF,.

in some embodiments of Formula (1), Ry is -0 and Ra, Ry, Re, Ry, Ry, Ry Rug,
Ry, Rez, Ruz, Rug, Ras, Ryg, Ryy Ryg, Rep are hydrogen.

In some embodiments of Formuda ), Ry is -Br and R, Re, Ra, Ry, By, Re Ryq,
Ry1, Ruz, Ryg, Ryg, Rug, Ryg, Ryy Rug, Rup are hydrogen.

In some embodiments of Formuda (1), Ry 18 -CFy and Ry, Ry, Re, Ry, Ry, Rg Ryo,
Far, Rz, Ria, Rus, Rys, Reg, Rey Ryg, Ryp are hydrogen.
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in some embodiments of Formula (1), Ry is (C2-C8)alkynyl.

in some embodiments of Formula (1), Rep Is (C2)alkynyl and R, is -OF,.
In some embodiments of Formula (1), Ry is {C2alkynyl and Ry is -OL
in some embodiments of Formula (1), Ry is (C2lalkvny! and R, is -Br.

Bosags Forms and Regimens

Administration of compounds of the invention may be affected by any method
that enables delivery of the compounds to the site of action. These methods includs
oral roules, intraducdenal routes, parenferal injection {inciuding infravenous,

10 subcutaneous, intramuscular, or infusion), topical and rectal administration.

Dosage regimens may be adjusted to provide the optimum dasired response.
For example, a single bolus may be administered, several divided doses may be
administered over time or the dose may be proportionally reducsed or increased as
indicated by the exigencies of the therapeutic situation. ltis aspacially advantageous

15 to formulate parenteral compositions In dosage unit form for sase of administration
and uniformity of dose. Dosage unit form, as used hersin, refers to physically discrele
unifts suited as unitary dosages for the mammalian subjects to be treated; sach unit
containing & predetermined quantity of active compound caloulated o produce the
desired therapautic effect in association with the required pharmaceutical carrier.

20 The specification for the dosage unit forms of the invention may be dictated by and
directly dependant on {8) the unigue characteristics of the chemotherapsutic agent
and the particular therapautic or prophvisctic sffect to be achieved, and {b) the
imitations inherent In the ant of compounding such an active compound for the
treatment of sensitivity in individusls,

25 Thus, the siilled artisan would appreciate, based upon the disclosure provided
herein, thet the dose and dosing regimen is adjusted in acoordance with methods
well-known in the therapeutic arts. That iz, the maximum tolerable dose may be
readily established, and the effective amount providing a detectable therapeutic
benafit fo & patient may also be determined, as can the temporal requiraments for

30 administering each agent to provide a detectable therapeutic benef® to the patient,
Accordingly, while certain dose and adminisiration regimens are asxemplified herain,
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these examples in no way limit the dose and sdministration ragimen that may be
provided 1o & patient in practicing the present Invention. it is o be noled that dosage
values may vary with the type and severity of the condition to be afleviated, and may
include single or multiple doses. i is to be further understood that for any particular
subject, specific dosage regimens should be adjusted over time according o the
irdividual nesd and the professional judgement of the parson adminisienng or
supenising the adminisiration of the compositions, and that dosage ranges set forth
herein are exemplary only and are not intended to limit the scops or praciice of the
clgimed  composition. For example, doses may be adjusied based on
pharmacokinetic or pharmacodynamics parameters, which may include clinical
sffects such as toxic effects andior laboratory values. Thus, the present invention
ncompasses infra-patient dose-escalation as determined by the skilled arlisan.
Determining  appropriate dosages and regimens for administration of the
chemotherapeutic agent are wall-known in the relevant art and would be undersiood
o be encompassed by the skifled artisan once provided the feachings disclosed
herein,

The amount of the compound of the invention administered will be dependent
on the subject being treatsd, the severity of the disorder or condition, the rate of
administration, the disposition of the compound and the discretion of the prasonbing
physician. However, an effective dosage is in the range of about 0.001 to about 100
myg per kg body weight per day, preferably about 1 to about 35 mg/kg/day, in single
or divided doses. For a 70 kg human, this would amourt fo about 0.05 to about 7
g/day, preferably about 0.1 {0 sbout 2.5 g/day. In some instances, dosage lovels
balow the lower limit of the aforessid range may bs more than adequate, while In
other cases stil larger doses may be employed without causing any harmful side
effect, provided that such larger doses are first divided into several small doses for
administration through-out the day,

Formulations and Routes of Administration
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As used herein, 8 ‘pharmacsutically acceptable carrier” refers fo g carrier or
dituerd that does not cause significant irritation fo an organism and does not abrogate
the biviogical activity and properties of the active compound.

The pharmaceutically acceptable camier may comprise any conventional
pharmaceutical carrler or excipient. The choice of carrier andfor exciplant, will to 3
large exient, depend on factors such as the particular mode of administration, the
effect of the excipient on solubility and stability, and the naturs of the dosags form.

Suitable pharmaceutical carriers include inert diluents or fillers, waler and
various organic solvents (such as hydrates and solvates). The phamaceutical
compositions may, f desired, contain additional ingredients such as flavorings,
binders, excipients and the like. Thus for oral administration, tablets cordaining
various excipients, such as citric acid may be emploved together with various
disintegrants such as starch, alginic ackd and ceriain complex silicates and with
binding agents such as sucrose, gelatin and acacia. Examples without Emitation, of
exciplents include calclum carbonate, calchum phosphate, various sugars and types
of starch, cellulose derivatives, gelatin, vegetable oils and polvethviens glvools,
Additionally, lubricating agents such as magnesium stearate, sodium laury sulfats
and talc are ofien useful for tableting pwrposes. Solid compositions of a similar type
may aiso be employed in soft and hard filled gelatin capsules. Non-fimiting examples
of material, therefore, Include laciose or milk sugar and high molecular weight
pelvethviene glyeols. When aquenus suspensions or elixirs are desired for oral
administration the active compound thersin may be combined with various
sweatening or flavoring agents, coloring matters or dyes and, if desired, emulsifving
agenis or suspending agents, together with diluents such as water, sthanol,
propylene glyeol, glvesrin, or combinations thereot,

The pharmaceutical composition may, for example, be in o form suitable for
oral administration as a tablet, capsuls, pil, powder, sustained release formulation,
solution, suspension or emulsion, for toplcal administration as an ointment or Crenss,

or for rectal administration as & suppository.
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Exemplary parenteral administration forms include solutions or suspensions of
an active compound in a sterile aqueous solution, for example, agueous propyisns
glycol or dextrose solutions. Such dosage forms may be sultably buffersd, ¥ desired.

The pharmaceutical composition may be in unit dosage forms suitable for
single adminisiration of precise amounis.

Pharmaceutical compositions sutable for the delivery of active agenis and
mathods for thelr preparation will be readily apparent to those siilled in the art. Such
compositions and methods for thelr preparation may be found, for example, in
“Remington's Pharmaceutical Sciences”, 18% Edition (Mack Publishing Company,
1998}, the disclosure of which is ncorporated herein by reference in iis gntiraty,

Compounds of the invention may be administerad orally. Oral administration
may involve swallowing, so that the compound enters the gastrointestingl iract,
buccal or sublingual administration may be employed by which the compounds
enters the blood stream directly from the mouth,

Formudations sultable for oral administration include solid formulations such as
tablets, capsules containing particulates, liguids, or powders. Lozenges {including
Houid filled), chews, mulli- and nano-particulates, gels solid solution, liposome, films,
ovules, sprays and liquid formulations.

Liquid formulations Include suspensions, solutions, syrups and alixirs. Such
formulations may be used as fillers In soft or hard capsules and typically include s
carrier, for example, walser, eothanol, polyethviens ghveol, propylene  glvool,
methylcelivlose, or a sultable ofl, and one or more emulsifying agents andfor
suspending agents. Liguid formulations may also be prepared by the reconstitution
of a solid, for exampls, from a sachet.

Compounds of the invention may also be used in fast-dissolving, fast
disintegrating dosage forms such as those described in Expert Opinion in
Therapeutic Patents, 11 (8), 981-888 by Liang and Chen (2001), the disclosure of
which is incomorated herain by reference in its entirety.

For tablet dosage forms, the active agent may make up from 1 wt % 1o 80 wt
% of the dosage form, more typically from 8§ wi % o 60 wi % of the dosage form. in
addition io the aclive agent, tablels generally contain a disintegrant. Examples of
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disintegrants include sodium starch givoolate, sodium carboxymethy! ceflulose,
cajcium  carboxymethyl  cellulose, croscarmeliose  sodium,  crospovidone,
polyvinylpyrrolidone, methyl cellulose, microorystaliine cellulose,  lower aliyl-
substitulad  hydroxypropyl cellulose, starch, pregelatinized starch and sodium
alginate. Generally, the disintegrant may comprise from 1 wi % to 25 wi %, preferably
from 5 wi % to 20 wi % of the dosage form.

Binders are generally used to impart cohesive qualities to a tablet formulation.
Suitable binders Include microcrystaliine celfudose, gelatin, sugars, polysthyisns
glycol, natural and synthetic gums, polwvinyipyrolidone, pregelatinized starch,
hydroxypropyl, cefiulose and hydroxypropyl methyiceliuiose.  Tablets may also
corfain diluents, such as lactose, mannifol, xyiitol, dextrose, sucrose, sorbitol,
microcrystalline cellulose, starch, and dibasic calcium phosphate dehydrate.

Tablets may also optionally include surface aclive agents such as sodium
lauryl sulfate and ploysorbate 80, and glidanis such as silicon dioxide and tale.
When present, surface active agents are typically in amounts of from 0.2 wt % to 5 wt
% of the tablet, and glidants typically from 0.2 wt % to 1 wit % of the tablet,

Tablets also generally contain lubricants such as magnesium stearate, calcium
slearate, zine slearale, sodium steary! fumarate, and mixtures of magnesium stearate
with sodium laury! sulphate. Lubricants generally are present in amounts from 0.25
wt % {0 10 wt %, preferably from 0.5 wi % 10 3 wi % of the tablet.

Exemplary tablets may contain up to about 80 wit % active agents for about 10
wl % to about 90 wit % binder, from about 0 wt % to about 85 wt % diluent, from
about Z wi % to about 10 wit % disintegrant, and from about 0.25 wt % to about 10 wt
% lubricant.

The formulation of labists is discussed in detall in “pharmaceutical Dosage
Forma: Tablets, Vol 17, by H. Liesberman and L. Lachman, Marcel Bekker, MY, N.Y.,
1980 (ISBN 0-8247.6818-X), the disclosure of which s incorporsted herein by
reference in its entirety.

Suitable modified release formulations are described in U8, Pat. No.
8,106,804, Detalls of other suilable release technologies such as high BNergy

dispersions and osmotic and coated particles may be found in Verma ot al,
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Pharmaceutical Technology Ondling 25(2), 1-14 (2001 3 This disclosure of this
reference is Incorporated herain by refarsnce in s antirsty.
it is understood that compounds of Formula (1) can be formulated as g di-salt,

Farsnteral Administration

Compounds of the Invention may alse be administerad diractly into the blood
stream, inte muscle, or into an intemal organ.  Suiteble means for parenteral
administration  Including  infravenous,  intraarterial, intraparifoneal, Intrathecal,
intraveniricular, intraurethral, intracranial, inframuscular and suboutanenus. Sultable
devices for parenteral administration include needie inigctors, nesdle-freg injectors
and infusion techniques.

Parenteral formulations are typically acueous solutions which may contain
excipients such as salts, carbohydrates and buffering agents {preferably to a pH of 3
o B}, but, for some applications, they may be mors suftably formulated as a sterle
non-aquecus solution or 88 & dried form to be used in conjunction with & sultable
vehicle such as sterile, pyrogen-free water.

The preparation of parenteral formulations under sierile conditions, for
example, by ivophilization, may readily be accomplished  using  standard
pharmaceutical technigues well known o those skilled in the art,

The solubllity of compounds of the invention used in the preparation of
parenteral solutions may potentially be increased by the use of appropriate
formulation technigues, such as the incorporation of soiubiitv-enhancing agents.

Formulations for parenteral administration may be formulated to be immediate
andior modified release. Modified release formulations include delayed-, sustained-,
pulsed-, conirolled-, targeted and programmed release.  Thus compounds of the
invention may potentially be formulated as a solid, semi-solid, or thixetropio liquid for
administration as an implanted depot providing modified release of the active
compound.  Examples of such formulations include drug-costed stents and PGLA
microspheras,

The compounds of the invention may also potentially be administered fopically
to the skin or mucosa, that is, dermally or transdermally. Typical formulations for this
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pulpose include gels, hydrogels, lotions, solutions, creams, ointments, dusting
powders, dressings, foams, films, skin paiches, walers, mnplants, sponges, fibers
bandages and microemuisions.

Dosags
The amount of the active compound administered will be depandent on the

subject being treated, the severty of the disorder or condition, the rafe of
administration, the disposition of the compound and the discretion of the prasoribing
physiclan. However, the effective dose is typically In the range of about 0.001 o
about 100 mg per kg body weight per day, preferably 0.01 to sbout 38 mgfkgiday, in
a single or divided doses. For a human, this would amount to about 0.07 fo about
700 mg/day, preferably about 0.7 fo about 2500 mg/day. In some instances, dosags
levels below the lower limit of the aforesaid range may be more than adequate, while
in other cases still farger doses may be used without causing any harmiul side effect,
with such larger doses typically divided into several smalier doses for administration
throughout the day.

Combination Therapy

As used hersin, the term “combination therapy” refers to the administration of
& compound of the invention together with at least one additional pharmaceutical or
maedicinal agent {e.g., an anti-cancer agent), aither sequentially or simultaneously.

As noted above, the compounds of the invention may potentially be used in
combination with one or more additional anti-cancer agents, which are described
below. When a combination therapy is used, the one or more additional anti-cancer
agent may be administered sequentially or simultaneously with the compound of the
invention. In one embodiment, the additional anti-cancer agent is administered to 2
marmmal (subject, patient) prior {o administration of the compound of the invention.
in another embodiment, the additional anti-cancer agent is administered o the
mammal afler administration of the compound of the invention. in another
smbodiment, the additional anti-cancer agent is administered o the mammal

simultaneously with the administration of the compound of the invention.
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The invention also relates 1o a pharmaceutical composition for the treatment of
abnormal cell growth In a mammal, including & human, which comprises an amount
of a compound of the invention, as defined harsin, in combination with one or more
(preferably one to threa) anti-cancer agents selected from a group consisting of anti-
angiogenesis agents and signal trensduction inhibitors and a pharmaceuticslly
acceptable carrier, wherein the amounts of the active agent and the combination ant-
cancer agents when {aken as a whole Is therapsutically effective for treating said
abnormal cell growth.

i one embodiment of the present Invention the anti-cancer agent used in
conjunction with a compound of the invention and pharmaceutical compositions
described hergin is an ant-angiogenesis sgert (e.g., an agent that stops tumors from
developing new blood vessels). Examples of ant-angiogenesis agents include for
example VEGF inhiblors, VEGFR inhibltors, TIE-2 inhibitors, PDGFR inhibitors,
angiopostin inhibitors, PKCheiz inhibitors, COX-2 inhibitorg, integrins, MMP-2
{matrix-metalioproteinase 2) inhibitors, and MMP.G {matremetalioproteinase @)
inhibitors.

Freforred anti-angiogenssis agents include sunitinib {Sutent ™, bevacizumab
{Avastin T}, axitinib (AG 13738), SU 14813 (Pfizer), and AG 13958 (Pfizer).

Additional anti-angiogenesis agents includs vatalanib (OGP F9787), Sorafenib
(Mexavar ™), pegaptanib octasodium (Macugen™), vandetanib {Zactima™), PF-
Q337210 {Pizer), SU 14843 (Piver), AZD 2174 {AstraZensca), ranibizumab
fLucentis™), Neovastat™) (AE 941), teirathiomolyb-dats {Copraxa™), AMG 708
{Amgen}, VEGF Trap (AVE 00058), CEP 7085 {Sanofi-Aventis), XL 880 (Exefixis),
telatinib (BAY 57-9352), and CP-868,598 (Plizer).

Cther anti-angiogenesis agents include enzastaunn (LY 317818}, midosiaurin
{CGR 41281), perffosine (KRX 0401), teprenone (Selbex™) and UCN 01 (Kyowa
Haidwo).

Uther examples of anti-angiogenesis agents which may be used in conjuction
with a compound of the invention and pharmacsutical compositions described herein
include celecoxib (Celebrex™), parecoxib (Dynastat™), deracoxit (SC 59046),
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tumiracoxib  (Preige™), valdecoxic (Bextra™), rofecoxib (Viexx™), iguratimod
{Careram ™), 1P 781 (Invedus), SC-58125 (Pharmacia) and eloricoxib (Arcoxia™),

Other ant-anglogenssis agents include exsulind {Aptosyn™), salsalate
(Amigesic™), diflunisal (Dolobid™), ibuprofen (Motrin™), ketoprofen {Crudis™),
nabumetone (Refafen’™), piroxicam (Feldene™), naproxen (Aleve™, Naprosyn™),
diclofenac  {Voltam™), indomethacin (Indocin™), sulindac {Clinorit™), tolmetin
(Tolectin™), etodolac (Lodine™, ketorolac (Toradol™), and oxaprozin (Day-pro™),

Other ant-angiogenasis agents include ABT 510 {Abboft), apratastat {Th
008}, AZD 8955 (AstraZeneca), incyclinide (Metastat™), and PCK 3145 (Pracyon).

Cther anti-angiogenesis agents include aciretin {Neotigason™), plitidepsin
{Aplidine™), cllengtide (EMD 121974), combretastatin A4 (CA4P), fenretinide {4
HPR), halofuginone (Tempostatin®™), Panzem'™, rebimastat (BMS 275201),
catumaxomab, (Removab™), lenalidomide (Revimid™), squalamine (EVIZON™),
thalidomide (Thalomid™), Ukrain™ (NSC 831570), Vitaxin™ (MEDI 522), and
zoledronic acid (Zomata ™).

in another embodiment the anti-cancer agent is a so called signal transduction
inhibitor {e.q., inhibiting the means by which regulatory molecules that govemn the
fundamental processes of cell growth, diferentiation, and survival communicated
within the cefl). Signal transduction inhibifors include small molecules, antibodies,
and antisense molecules. Signal transduction inhibitors include for axampie kinase
inhibitors {8.g., tyrosine kinase inhibilors or serinsfthreonine kinase inhibitors} and
cell cycle inhibitors. More speclfically signal transduction inhibitors include, for
example, famesyl protein transferase inhibitors, FgF inhibitors, ErbB-1 {EGFR)
inhibitors, ErbB-2 inhibitors, pan-erb inhibitors, IGF1R inhibitors, MEK {1,2) Inhibitors,
o-iit inhibitors, FLT-3 inhibitors, K-Ras inhibifors, PI3 kinase inhibitors, JAK
inhibitors, STAT Inhibitors, Raf kinase inhibitors, Akt inhibitors, mTOR inhibitors,
P7056 kinase inhibitors, inhibitors of the WNT pathway and so called mulli-dargeted
kinase inhibitors.

Preferred signal fransduction inhibitors Include gefitinib (ressa™), cetuximab
(Erbitux™), erlotinib (Tarceva™), trastuzmab (Herceptin™), sunitinb (Sutent™),
imatinib (Gleevec™), Trametinib™ (GSK1120212) and Cobimetinib™ (XL518).
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Additional examples of signal transduction inhibitors which may be used in
conjunction with a compound of the invention and pharmaceutical compoesitions
described hersin include BMS 214662, lonafamib (Sarasar™), pelitrexol (AG 2037),
matuzumab  (EMD  7200), nimotuzumab  (TheraCIM  h-R3™), panitumumab
{(Vectibix™), Vandstanib {ZactimaTM}, pazopanib (5B 786034}, BIBW 2082
(Boshringer ingetheim), and Cervens™ (TP 38},

Other examples of signal transduction inhibitors include Canertinib {Cl 1033},
pertuzumab (Omnitarg™), Lapatinib (Tycers™), peltinib (EKB 568), miltefosine
(Mitefosin™), BMS 508626, Lapulaucel-T (Neuvenge™), NeuVaxTM), Osidem™
(100 1), mubritinb (TAK-185), Panitumumab (Vectibix™), lapatinib (Tycerb™),
pelitinib (EKB 568), and pertuzumab (Omnitarg ™).

Other examples of signal transduction inhibitors  include ARRY 142888,
sverolimus (Certican™), zotarolimus (Endeavor™), temsirolimus (Torisel™), and VX
880 (Vertex).

This invention contemplates the use of a compound of the Invention together
with antineoplastic agents. Antineoplastic agents include, but are not limited o,
hormonal, anti-estrogen therapeutic agents, histone deacetylase (HDAC) inhibitors,
gens silencing agents or gene activating agents, ribonucleases, protsosomics,
Topoisomerase | inhibitors, Camplothecin derivatives, Topoisomerase 1l inhibitors,
alkylating agents, antimsiabolites, polADP-ribose), polymerase-1 {PARP-1)
inhibitors microtubulin inhibitors, antibiotics, spindle inhibitors, platinum-coordinated
compounds, gene therapsutic agents, antisense ofigonucieotides, vascular targeting
agenis (VTAs) and statins.

Examples of antineoplastic agents used in combination therapy with =
compound of the Invention, Includs, but are not limited to, glucocorticoids, such as
dexamethasone, pradnisons, predniscione, methyiprednisclons, hydrocortisone, and
progesting such as medroxyprogesterone, megestrol acetate (Megace), mifepristons
(RU-486) seleclive estrogen receplor modulators (SERMs, such as tamoxifen,
rafoxifene, lasofoxifene, afimoxifene, arzoxifens, bazedoxifene, flapemifensg,
ormeloxifens, ospemifoens, lesmilifens, toremifene, tiostance and CHF 4297
{Cheisi), selective estrogen-receptor downregulafors (SERDs, such as fulvastrant),
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exemestane  (Aromasin'™), anastrozole  {Arimidex™), atamestane, fadrozole,
letrozole (Femara), gonadotropin-releasing hormone {GnRH, also commonly referred
to as luteinizing hormona-releasing hormone [LHRH]} agonists such as buserslin
{Suprefact), goserslin (Zoladex), leuprorelin {Lupron}, and tiplorelin (Trelstar),
abarelc (Plenaxis), bicalutamide (Casodex), cyproterone, futamide {Eulexin),
megestrol, nilutamide  (Nilandron), and osaterone, dutasteride, epristeride,
finasteride, abarelix, goserelin, leuprorelin, friptorelin, bicalutamide, tamoxifen,
exemestane, anastrozols, fadrozole, fromestane, letrozole, and combinations thereof,

Other axample of antineoplastic agents used in combination with a compound
of the invention include, bt are not fimited fo, suberolanilide hydroxamic acid
(SAHA™, Merck), depsipeptide (FRE01228), GZM-777, MS-275, pivaloyloxymethyl
butyrate and PXD-101/Onconase™ (ranpimase), PS-341, Valcade™ (bortezomib), 8-
aminocamptothecin, belotecan, BN-80915, camplothecin, difiomotacan, adotecarin,
exatecan, gimatecan, 10-hydroxycamptothecin, irinctecan HCH (Camplosar™),
lurtotecan, Orathecin™ (rubltecan, Supergen™), SN-38, fopolecan, camplothecin,
10-hydroxycamptothecin, S9-aminocamptothecin, irinotecan, aclarubicin, adriamygin,
amonafide, amrubicin, annamyein, daunorubicin, doxorubicin,  elsamitrucin,
apirubicin, eloposide, idarubicin, galarubicin, hydroxvearbamide, nemorubicin,
novantrone {mitoxanirong), pirarubicin, pixanfrons, procarbazine, rebeccamyoin,
sobuzaxane, tafluposide, valrubicin, Zinecard T™ (dexrazoxane), nitrogen mustard N-
oxide, cyclophosphamide, AMD-473, altretaming, Ap-5280, apaziquoneg, brostallicin,
berdamustine, busulfan, carbogquone, carmusting, chiorambucll, dacarbazine,
estramustine, folemustine, ghufosfamide, Hosfamide, KW-2170, fomustine,
mafosfamide, mechlorethamine, melphalan, mitobronitel, mitolactol, mitomyein C,
mitoxatrone, nimusting, ranimustine, temozolomids, thiotepa, and platinum-
coordinated alkylating agents such as cispistin.  Paraplatin {carboplatin), eptaplatin,
lobaplatin, nedaplatin, EloxatinTM  (oxaliplatin), streptozocin, satrplatin, and
combinations thereof.

The invention also contemplates the use of a compound of the Invention
together with dihydrofolate reductase inhibitors (for axample metholrexate and
NeuTrexinTM (rimetresate glucoronate)), purine antagonist {for example 8-
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mercaplopwring  ribosids, mercaptopurine, 8-thioguanine, cladribine, clofarabine
{Clodar™), fludarabine, nelarabine, and rallifexed), pyrimidine antagonisis (for
example, Bfluorouracit {(5-FU), AllmtaT™ (premetrexed disodium), capecitabine
{(Xeloda™), cylosine, Arablnoside, Gemzar™ {gemcitabing), Tegafur™ (UFT Orzel™
or UForal™ and including TS-1 combination of tegafur, gimestat and otostat),
doxifluridine, carmofur, oyvlarabine {including ocfosfate, phosphate stearate,
sustained release and liposomal forms), snocitabing, S-szacitidine {Vidaza),
decitabing, and ethynyl-cytidine) and other antimetabolifes such as gfiomithine,
hydroxyurea, leusovorin, nolatrexed, trisping, frimetrexate, ABT-472, Ino-1001, KU-
0887 and GP! 18180 and combinations theraof.

Additional examples of antineoplastic agents used in combination therapy with
& compound of the invention, optionally with one or more other agents include, gt
are not limited to, Advexin™, Genasense (oblimersen, Genda), Combretastatin A4P
(CA4P),  Oxi4503, AVE-8062, ZD-8126, TZT 1027, storvastatin (Lipitor™),
pravastatin (PravacholTM), lovastatin  (MevacorTM), simvastatin {ZocorTM),
fluvastatin {LescolTM), cerivastatin {BaycolTM), rosuvastatin (CrestorTM), niacin
{AdvicorThM), caduet and combinations thereof.

Another embodiment of the present invention of particular interest relates to o
method for the freatment of bragst cancer in a human In need of such freatment,
comprising administering to said human an amount of 2 compound of the invention,
in combination with one or more (preferably one to three) anti-cancer agents selected
from the group consisling of trasturumab, tamoxifen, docetaxel, paclitaxsd,

capeciiabine, gemcitabine, vinorelbine, exmestane, letrozols and anastroznle,

Therapeutie Methods sand Uses
The invention further provides therapeutic methods and uses comprising

administering a compound of the invention, or pharmaceutically sccepiable salt
thareof, alone or in combination with one or more other therapeutic agents or
pailiative agents.

In one aspect, the invention provides a method for the freatment of abnormal

cell growth in & subject comprising administering to the sublect a therapeutically
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sifective amount of a compound of the Invention, or a pharmaceutically acceptable
salt thareof.

in another aspect, the invention provides s method for the frestment of
abnormal celf growth in 2 subject comprising administering to the subject an amount
of a compound of the invention, or a pharmaceutically acceptable salt thereof, in
combination with an amount of an antidumor agent, which amounts are togsther
sffeclive in trealing said abnormal growth,  In some embodiments, the anti-tumor
agent is selacted from the group consisting of mitotic inhibitors, alkyiating agents,
anti-metabolites, intercalating antibiotics, growth factor inhibitors, radiation, cell cycle
inhibitors, enzymes, topoisomerase inhibitors, biclogical response  modifiars,
antibodies, cytotoxics, anti-hormones and anti-androgens.

in another aspect, the invention provides a method of inhibiting cancer cell
profiferation in a subject, comprising administering to the subject a compaound of the
invention, or pharmaceutically acceptable salt thereof, In an amount effective o
inhibit cell proliferation.

in another aspect, the invention provides 3 method of inhibiting cancer cell
invasiveness in a subject, comprising administering to the subject a compound of the
invention, or pharmaceutically acceptable salt thereof, in an amount effective to
inhibit call prolifaration,

in another aspect, the invention provides a msthod of inducing apopiosis in
cancer cells in & subject, comprising administering to the subject a compound of the
invention, or phanmaceutically acceptable salt thereof, in an amount effective to
inhibit cell proliiferation.

i another aspsct, the invention provides a method of inducing apoplosis in a
subject, comprising administering to the subject a compound of the nvention, or
pharmaceutic acceptabla salt thereof, in an amount affcctive o inhibit cell
profiferation.

in frequent embodiments of the methods provided herein, the abnomal cel
growth is cancer, wherein said cancer is selected from the group consisting of basal
cell cancer, medulloblastoma cancer, liver cancer, rhabdomyosarcoma, lung cancer,

bone cancer, pancreatic cancer, skin cancer, cancer of the hesd and nack,
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cutaneous or intraccular melanoma, ulerine cancer, ovarian gcancer, rscigl cancer,
cancer of the anal region, stomach cancer, colon cancer, bresst cancer, ulerine
cancer, carcinoma of the fallopian tubes, carcinoma of the endometrium, carcinoms
of the cervix, carcinoma of the vagina, carcinoma of the vulva, Hodgkin's disease,
cancer of the esophagus, cancer of the small intestine, cancer of the endoorine
system, cancer of the thyrold gland, cancer of the parathyroid giand, cancer of the
adrenal gland, sarcoma of soft lssue, cancer of the urettwa, cancer of the penis,
prostate cancer, chronic or acute leukemia, lymphocytic lymphomas, cancer of the
bladder, cancer of the Kidney or ureter, renal cell carcinoma, carcinoma of the renal
pelvis, neoplasms of the central nervous system (ONS), primary ONE& iymphoma,
spinal axis tumors, brain stem glioma, pilultary adenoma, or a combination of one or
more of the foregoing cancers. In some embodiments, the cells are in a Hissue or
wmeor, and the ssue or mor may be in a subject, including a human,

Cancers treated using methods and compositions described hersin are
characterized by abnomal cell proliferation inctuding, but not fimited o, metastasis,
pre-nsoplastic hyperproliferation, cancer in siu, and neoplasms. Compounds of this
invention can be for prophylsds in addition to amelioration of signs and/or symptoms
of cancer. Examples of cancers treated by the compounds of the present invention
include, but are not fimited to, breast cancer, CNS cancers, colon cancer, prosiate

cancer, leukemia, lung cancer and lymphoma,

Mathods of Preparing the Compounds of Formuls (0
The compourds of this invention may be made by a varety of mesthods,

including standard chemisiry, Any previously defined variable will continue 1o have
praviously defined meaning unfess otherwise noted.  lustrative genaral synthetic
mathods are set out below and then specific compounds of Formula (I) are preparsd
in the Examples.

Compounds of general Formula (1) may be prepared by methods known in the
art of organic synthesls as sef forth in part by the following synthatic schemes. In all
the schemes described below, # is well understood that protecting groups for
sensifive or reactive groups are employed where necessary in accordance with
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general principles of chemistry.  Protecting groups are manipulated according
standand methods of organic synthesis (T, W. Green and P. G, M. Wuls {1851}
Protecting Groups in Organic Synthesis, John Wilsy & Sons). Those skilled In the ant
will recognize whether & slereccenter exsts in compounds of Formula ().
Accordingly, the prosent iwention includes sl possible sterecisomers and includes
not only mixtures of sterecisomers (such as racemic compounds) but the individus!
sterepisomers. When a compound is desired as g single isomer # may be obtainsd
by various methods of separation of the fingl product or key intermediate or
alternatively may be made by a slerse spacific synthesis using isomerically pure
intermsdiates or mathods to impart isomeric purity. These are known o those skilled
in the art.

Compounds were analyzed by common methods known fo those skilled in the
art. NMR and HPLC and LOMS were used o evaluate isclated compounds and o
svaluate reaction mixtures. LCMS conditions used water and MsCN as the two
solvents using a Symmelry C18, 8 um, 4.8 X 50 mm colurmn. A linear gradient was
uged from time O (10 % MeCN) to time 4.5 min (85% MeCN}. The flow rate was 1.7
mifmin. Evaluation was at 254 nm.

The following solvents, reagents, protecting groups, moleties, and other
designations may be referred to by their abbraviations in parenthesis:

Me: methyi;

£ athyi;

Fr: propyl:

=P isopropyl:

Bu: butyl:

+Bu tert-bubyl

Ph: pheny,

Ac: acetyl

AcQOH: acetic acid

Ag. agueous

AUC: ares under a curve

Cone.: conceniratad
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DMF: dimsthviformamide

DMSO: dimethyisulfoxide

EfCAc: athyi acetate

EHOH: ethyl alcoho!

Ex.: Example

g grams

h: hours

HPLC! high-performance liguid chromatography
LCMS: liquid chromatography mass spactrometry
MaOH: meathy! alcohol

MS: mass speciromelry

NA: not applicable

ND: no data reporied

NMR: nuclear magnetic resonance spectrometry
Rat Time: retention time

RT or rf: room temperature

Satd, Sat'd, safd and satd. saturated

TFA: triflucroacetic acid

THF: telrahydrofuran

Mothods of Preparation

Compounds of the nvention may be prepared according fo the general
synthetic schemes and exemplary procedures provided hersin and mwdifications
theraof known to those of skill in the art. Al documents cited are incorgorated herein
by reference in their entirety. Starting materials are commercially avaliable or readily
prepared by one of ordinary skill in the art.

There are cumently many suppliers of chemical resgents. Examples of
chemical suppliers: Sigms Aldrich, Saint Louis, MO; Alfa Aesar, Tewksbury, MA; TOI
America. Porfland, OR; BroadPharm, San Diego, CA and Cambridge BinSciences,
Cambridge, UK, in no way is this list meant to be limiting.
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A general synthetic scheme shown as Scheme 1 {ses US 2015/023362), is a
sanes of reactions that one skilled in the art may use {0 prepare compounds of the
invention, Substituenis X and ¥ denote various substituents that may be used for
this reaction sequence and their positions on the moleculs are not lmited. In
agldition, this example is not o be Brniting with regard to the number of substituents
thal may be used therein, One uses and a substiuted banzaldshyde SAA and the
other approach uses benzyi amine SE.  Both substiuted benzyl amines and
substituted benzaldehydes are cormmercially available. Altemative reaction conditions
may be employed for the various fransformations in Schame 1. As an example, but
not fimited by these altemative reaction conditions, slternative reaction conditions as
given in US 2014/0335048 may be used. To further exemplify the chemistry, in
Scheme 1, X may be Ry, and ¥ may be R, however this should not be limiting with
ragard to substituents and their positions on the rings in question.

Scheme 1

&1
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Synthesis of compounds by Scheme 1 (8} NaBH({OQAc), CH.CL, 30°CH4 Iy (b
NaOH, CS8;, H:0, 1 h, {o) Mel, MeOH/reflux 30 min, (d}) dioxanefrefiux 12h {8)
MeONa MaOrirefiux 12-15 h.

in Scheme 2, an altermative reaction for the formation of an analog of 5F, SDD
is shown. As in Scheme 1, substifuents X and Y denote various substituents that
may be used for this reaction sequence and their positions on the molecule are not
imited. In addition, this example is not 1o be Hmiting with regard to the number of
substituents that may be used therein. To further axemplify the chemistry, In Scheme
£, X may be Ry and ¥ may be Rz, however this should not be iimiting with regard to
substituents and thelr positions on the rings in guestion.

Scheme 2
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Synthesis of compounds by Scheme 2: {a} methy! chioroformate, FiaN, CH:Ch, 0 °C
to 1t 44 h (b) MeOH, AcOH, reflux, 48 h; (c) NaBH{OAg), CH:Cl, 30°CH4 by (@)
NaOMe, MeOH, reflux, 18 h.

I Schame 3, synthesis of analogs with substitution about Ry, Ris, Rz and
Rz is shown, Ry is chosen o exemplify the chemistry that may be used for this
reaction sequence and is in no way meant o be imiting. The final condensation
reaction shown with reaction conditions provides both SAG and SAM. That is Ry
and Rip would be the same residue. Separation of this mbdure would provide the two
analogs.
Schems 3
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Synthesis of compounds by Scheme 3 (a) NaOH, CS8g, Hz0, 1 h, (b} Mel
MelH/reflux 30 min, (c) dioxanefrefiux 12h (d) MeONa MeOH/reflux 12-15 h.

Examples
Example 1
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1i-benzyl-7-[{(3-chiorophenylimethvi-2,58.7,11-
tetraazatricycio]7.4.0.0* rideca-1(0), 5-dien-8-one (1)

Synthesis of 18
5 o o Q
P cH, JL o P My
o NaBH(OAc),
SRR\ . o
w HO PROOMH i
i

A E ) 18

To & 50 mb thres necked flask, was charged with compound 1A (19, 5.2 mmol}, 1.2
dichloroethane (10 mL), DIEA {8685 mg, 5.2 mmol). The mixture was stirred for 15
minutes al 25 °C. Benzaldehyde (5.2 mmol) was added, followad by NaBH{OAg): (8.7
mmol). The mixture was stirred for 2 hours at 258 °C. LC-MS analysis confirmed that
the reaction was complete. The reaction was quenched with ice water (20 mL),
extracted with dichloromethane 20 mb twice. The combined organic phass was
washed with saturated aqueous NaHCO,, (2 X 28 mL) and concentrated. Compound
1B was obtained {1.22 ). The product was used for next step without further
putification.

Synthasis of 13

J’j\ Mel ,/'L\
Ry pis _ Y
(- v/
i€ irs

Compound 14 (58.8 mmol) was dissolved in methano! {70 mL), CHy (88.7 mmol)
was added dropwise af 35°C. After refluxed for 30 minutes, the solvent was removed
under vacuum. The residue was suspendsd in MTBE {80 mbL} and filtersd. The
resulting solid was dried under vacuum to afford compound 1D {vield 83%} as white
soiid.
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Syrithesis of 1F

oy o

o
l\ — NS; £ :.:g
g {
" i -~ ’.f: e i M
N \./O oy - "
ik R IF

Compound 1E {2 mmol}, and (3-chiorophenylimethanamine (4.2 mmol} was

V/

dissolved in dioxane (& mbL). The mixture was refluxed for 12 hours. Analysis of the
reaction mixture by LC-MS confirmed that the reaction was complated. The solvent
was removed, snd the residue was suspended with tolusne for 12 hours, The
suspension was filtered and the fillered cake was dried under vacuum to afford
compound 1F.

Synthesis of 1

O i/’} g /‘m{ﬁ Ry
&7 T~ |
iF "

W

iB

To 8 10 mbL three necked flask, was charged with compound 1F {80.4 mmol},
compound 18 (0.4 mmol), methano! (3ml.) and MeONa (1.2 mmol). The mixture was
refluxed for 15h hours. Analysis of the reaction mixture by LO-MS confirmed that the
reaction was complete. The reaction was cooled down 1o room tempsrature. Half of
the solverd was removed under vacuum. Water (2 ml) was added drop wise. A
brown solid preciplisted, was filtered and washed with water. The solid was dried
undar vacuum fo afford compound 1 (veld 25%).

"HNMR (400 MHz, CDCly) 8 2.44 (s, 2H), 2.65 {1, J = 6.4Hz, 2H), 3.28 (s, 2H), 3.85
(s, 2H}, 3.87 (s, 4H), 5.01 (s, 2H), 7.19- 7.42 (m, SH); LO-MS: miz= 406.7 (M+1),
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Example 2

/ﬁ/\? . f’\\E*‘\\
b 5 /’é\\ N » X j‘

£

{2}

11-benzyl-7-{{4-(riflucromethylphenylimethvi}-2,5,7, 11~
tetragzatricyclo]7.4.0.0 idsca-1(8),5-dien-8-one (2)

5 The procedure to prepare Compound 2 s same as Example 1 except in slep 3, (3
chiorophenylmethanamine is replaced by {-{trifluoromethyliphenviimsthanamine.
Yield 18%; "HNMR (400 MMz, G001, 8281 (1 J=40Hz, 2H), 2768 {1, J= 4.0 Hz,
Hy, 324 (s, 2H), 3.72 (5, 2H), 386 {1, J = 8.4 Mz, 2H), 4.08 {t Jd = 8.4 Hz, 2H), 5.10
{s, 2H}, 7.28- 7.38 (m, 5H}, 7.50 (4, J = 5.2 Hz, 2H), 7.60 {d, J = 5.2 Hz, 2H) LC-MS;

10 iz 4412 (M+1)

Example 3

11 -benzy%%{{&(triﬁmmmethyiaxy};:shenyﬂ}maﬁhyi}w?»{ﬁw
i85 {trifluoromethyliphenyl}-2,5,7,11 -tetraazatricyclo[7.4.0.05%Hrideca-
1{8),.5-dien-B-one {3}
Compound 3 prepared similarly as Example 1. Yield 30%; 'HNMR {(400MHz, CD,0)
8 2.63 {4 J=58H, 2H), 2.76 {1, J = 5.6Hz, 2H), 3.25 (s, 2H), 3.75 {s, 2H), 3.83-3.88
{m, 2H), 4.03-4.07 {m, 2H}, 8.1 (s, 2H), 7.20 {d, J = 8Hz, 1H), 7.32-7.51 {m, 8H), 7.58
20 (d, J = 8.4Hz, 2H); LO-MS: miz = 524.7 (M+1).
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Example 4

PPN G
o000 ®
P4 N ’\N,/Kq £ g

/
{4}
7-{{4-chiorophenylimethyll-1 1-{{3-ettwnylphenyi}-2,8,7,11-
tetraazatricyclo[7.4.0.0%%rideca-1(8), 5-dien-8-one (4)

s Compound 4 I8 prepared in & similar fashion as Example 1. Yield 30%:; "HNMR {400
Mz, DMSO-d8) 8 2.51 (s, 2H), 262 (s, 2H), 3.02 (s, 2H), 3.61 {8, 2H}, 37 (1, J =
B8.8Hz, 2H), 3.84 (d, J = 9.2Hz, 2H), 4.18 (5, 1H), 4.88 {5, 2H), 7.3-7.42 {m, 8H}; LC-
ME: miz = 430.8 (M+1).

Example 5

O

(3

10
5-banzyl-8-{{3-methyiphenyDmethwil-1 .8.9,11-
tetraazatetracyciof8.7.0.0%7.0% Mheptadeca-2(7), 10-dien-8-one (5)
Compound § is prepared in & similar fashion as Example 1. The procadure is given

below.
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Hal N,

C8,y, NaH i "'”
/ H,0 )

SA 38

Synthasis of 58

To & well-stired solution of cyclohexane-1,2-diamine (11.4 g, 0.1mol} in water was
added sodium hydroxide (8 g, 0.2 mmol} followed by carbon disulfide {8.36 g, O.11
mimol) at room tlemperature. The mixture was heated o 1007C overnight. The mixiure
was cooled, acidified with dilite hydrochioric acid, and extracted into DOM (100 mi X
3 mL). The combined organic layer was dried over sodium sulfate, and the solvent
was removaed complstely to glve the product 5B an offwhite solid {12.7 g vield, 81
%). 'H-NMR (400 Mz COCKY: §1.12-1.31 (m, 2H), 1.33-1.82 (m, 2H)L1.87-
1.91(m,2H), 1.98-2.08(m,2H}), 3.26-3.35(m,2H), 6.62(s,1H) MS {Ci): 157.2 (M+1).

5.2 Synthesis of 5C

<'/c§13
w

JL\ Mel A

Y e H o

o O

38 hi®

Compound 58 (12.5 g, 80.12 mmol) was dissolved in MeDH {250 mi) and Mel (171
g, 120.2 mmol} was added. The resulting mixture was refluxed for 2 h. The volatiles
ware removed under reduced pressure yielding 5C, (13.8 g Yield: 99%) as off-white
solid that was used without further purification.

Synthesis of 8D

58



16

15

WO 2018/031987 PCT/US2017/046715

TH

1\ f/w..ﬂ.. N )/'
N " c-Hl K_Mx\ //j} s psf(_g
o

513
3¢

Compound 5C (1 g, 59 mmol) was dissolved in +BuOH {15 ml) and 3-
methylbenzylamine (14.3 g, 1.8 mmol) was added. The mbdure was refluxed for 8 b,
The volatifes were evaporated under reducad pressure and the oily residue was
suspended in HpQ, alkalized with 1 N NaOH and extracted with DCM (20 miX4). The
combinad organic phase was drisd over MgSQ, and evaporated under reduced
pressure. The crude residue of 8D was purified by column chromatography on silica
gel using DCMMeOH (10/1) as sluent to vield 50 (810 myg yield: 80%) as vellow
solid.

Synthesis of §

Compound 5C (810 mg, 3.33 mmol} and compound 18 (828 mg, 3.33 mmol) wers
dissolved in MeOH (10 mi) and MeONa {382 my, 7.08 mmol) was added. The
resulting midture was refluxed overnight.  The crude residue was purified by
preparative-HPLC to give 5 (218 mg, vield 15%). "H-NMR {400MHz, CDL.0D 8 1,33
1.76 {m, TH), 1.82-1.98 {m, 2H), 2.20(s, 3H), 2.58-2.68 (m, 2H), 2.76-2.82 (m, 1H),
3.11-3.14 (m, 1H), 3.31-3.37 {m, 1H), 3.67 {s, 2H}, 3.8 (s, TH), 4.30-4.36 {m, 1H),
4.88-5.00 (m, Z2H}, 7.03-7.37 (m, 8H); LC-MS: miz = 440 .9 {M+1L
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Exampls 8

6

7-benzyi-4-{2-(triflucromethylibenzyi-1,2,.8,7.8 8-
hexahvdroimidezoll 2-alpyridol3 4-elpyrimidin-5{4H}-one (8)

5 it is prepared simifarly as example 1. Yield 30%: 'HNMR {4000MHz, CDCL) &
2.54 (s, 2H), 271 (s, 2H}, 3.32 (s, 2H), 3.68 (s, 2H), 3.85-3.07 {m, 4H), 5.30 (s, 2H),
7A0{d, J =760z, 1H), 7.28-7.33 (m, 6H), 743 (, J = 7.6Hz, 1H), 7.83 {d, J = 7.8Hz,
THELO-MS: miz=4412 (M)

10 Example 7

PN
@”@,5@*

(7

I-beneyl-d-(3-{trifluoromsthyiibenzyi-1.2,6,7.8,8-
hesahydroimidazolt L-alpyridol3, 4-alpyrimidin-S{4H-one (7)
it is prepared similarly as example 1. Yisld 30%; THNMR {400MHz, CD3GD) 8
15 2.55 (1, J = 3.8Hz, 2M), 2.71 (, J = 4Hz, 2H), 3.23 (s, 2H), 3.88 (s, 2H), 384 {1, J
8.4Hz, 2H), 3.99 {t, J = 6.4Hz, 2H), 5.07 (s 2H), 7.27 {t, J = 4.4Hz, tHY, 7.32- 7.37
{r, 4H), 747 (1, J = 8.2Hz, 1H), 7.84 (d, J = B.2Hz, 1H), 781 (d, J = 5.6Hz, 1H), 7.68
{8, TH); LO-MS: miz = 441.2 (M+1).
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Example 8

UG T

(8)

7-{S-athynyibenzyl}-4-(4-{trifluoromethoxy)benzyl)-1,2.8,7,8,8-
hexahydroimidazo[1,2-alpyrido]3,4-elpyrimidin-8(4H-one {8)

5 it is prepared similarly as example 1. Yield 20%: "HNMR (400MHz, CDCIZ) &
246 {s, 2H), 2.85 (1, J = 5.2Hz, 2H), 3.07 (s, 1H), 3.28 (s, 2H}, 3.63 (s, 2H), 3.80 {5,
4H), 5.04 (s, 2H), 7.14-7.13 (d, J = 8Hz, 2M), 7.27-7.32 (m, 2H}, 7.38-7.4 (d, J = 8Hz,
1H), 7.48 (4, 8Hz, 3H), LO-MS: miz = 480.8 (M)

10 Example 8

G
i

i
i

&

#-beneyl-4-(3 4-dichlorobanzyi-1 2,8,7,8,8-hexahydroimidazo]1,2-
alpyridof3, 4-glpyrimidin-5{4H}-ons (8)
it is prepared similarly as example 1. Yield 30%: 'HNMR {400MHz, CDA0ODY &
15 258 ({t, J = 5.6z, 2H}, 2.74 {1, J = 5.6Mz, 2H), 3.23 (s, 2H), 3.7-3.71 {d, J = 4Hz, 2H),
3.86 (1, J = @.2Mz, 2H), 4.03 (t, J = 9.6Hz, 2H), 4.87 (s, 2H), 7.27-7.55 {rm, 8H); LO-
ME: vz ~ 441.3 (M+1).

20
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Exampis 10

7-{2-bromobenzy(}-4-{2-methyibenzyi-1,2.8,7,.8.8-
hexahydroimidazo{1 Z-alpyrido3 4-elpyrimidin-5{(4t-one (10)

5 It is praparad similarly as example 1. Yield 30%: "HNMR (A0OMHz, CO30CD) &
2.38 {s, 3H}, 2.81 (s, 2H), 2.81 {1, J = 4.8Mz, 2H), 3.31 (s, 2H) 3.8 ¢ J = 8.4Hz, 4H),
402 (t, J = 9.2Hz, 2H), 5.01 (s, 2H), 8.88-8.81 (d, J = 8Hz, TH), T.05-7.2 (m, 4H),
734 (t, J = 7.8Hz, 1H), 7.51-7.53 (d, J ~ 8Hz, 1H), 7.58-7.8 {d, J = 8Hz, 1H);, LC-MB:
miz = 488.2 (M+1).

ig
Example 11

aoh

7-{3-bromobenzyl}-4-(2-methvibenzyiy-1,2,8,7.8,8-
hexahydroimidazol1, 2-glpyrido(3,4-elpyrimidin-5{4H)-one (11)

15 it is prepared similarly as example 1. Yisld 30%. *HNMR {400MHz, DMSO d6) 8
2.32 (8, 3H), 2.57 (s, 2H), 2,66 {1, J = 4.8Hz, 2H), 3.06 (5, 2H), 3.84-8.7 {m, 4M), 3.97
{t,J = 9.2Hz, 2H), 4.87 (s, 2H), 6.88-8.9 (d, J = 8Hz, 1H), 7.00-7.14 {m, 3H), 7.3-7.35
{m, 2H), 7.45-7.47 (d, J = BHz, 1H), 7.53 (s, 1H): LO-MS: miz = 4653 {M+1).

an
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Example 12

(12)
7-(3-Ethynytbenzyli-4-(4-(rifiuoromethyi)benzyl-1,2,8,7.8.0-
hexahydroimidazolt 2Z-ajpyrido[3, 4-elpyrimidin-5{4H)}-one (12)

5 it is prepared similarly as example 1. Yield 20%; "HNMR {400MHz, CDCI3) &
248 (d, J = 5.6Hz, 2H), 2.66 {1, 5.2Hz, 2H)}, 3.08 (s, 1H), 3.28 (s, 2H)}, 3.84 {s, 2H),
3.81 (s, 4H), 5.1 {s, 2H}, 7.27-7.33 {m, 2H), 7.4 (d, J = 7.2Hz, 1H), 7.48 {s,1H), 7.82-
7.57 (m, 4H); LC-MS: miz = 484.8 (M+1).

1t Example 13

S SN
S RN 8 - - :
nos OL@IA&

(13)

4-{4-Bromobenzyi}-7-(3-sthynylbenzyl)-1,2,6,7 8.9
hexahydroimidazo[1 2Z-aipyrido[3, 4-elpyrimidin-5(4H}-one {13)
it is prepared similarly as example 1. Yield 30%: HNMR {(400MHz, CDCI3) &
15 248 (1 J = 5.8Mz, 2H), 2.85 (1, J = 5.6Hz, 2H), 3.06 (s, 1H), 3.28 {5, 2H), 3.84 (s, 2H),
3.89 (s, 4H}, 5.0 (s, 2H), 7.27-7.42 (m, 7H), 7.48 (s, 1H) LO-MS: miz = 478.7 {M+1).
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Example 14

SN W ?/‘\/j
\L\? U \ﬁ/&m b °’
L/

(14)
3-{{4-(4-Chiorobenzyl}-5-0xo-1 ,2,4.5,8,8-hexahydroimidazof1,2-
ajpyrédm{:%,4~ejpyrim§c§in—?{ﬁH}~y§}m&thy§}b&nmnitr§§a {14}

5 it is prepared similarly as example 1. Yield 25%; THNMR (400MHz, CDCIZ) 8
248 {1, J = 5.6Hz, 2H), 2.88 (, J = 5.8Hz, 2H), 3.26 (s, 2H}, 3.88 (s, 2H), 3.91 (s, 4H),
5.0 (s, 2M) T.25{, J = 5.8Hz, 2H), 7.42 (t, J = 8Hz, 3H), 7.85-7.57 (d, J = 8Hgz, 2H},
£.86 (s, TH}), LO-MB: miz = 432.2 (M+1).

\_/

(15}

10 Example 15

3-{{5-Oxo-4-(4-(trifluoromethybenzyi-1,2,4,5,8.8-
hexahydroimidazol1 2-a] pyride]3, 4-ejpyrimidin-7{6H)-
yhmethylibenzonitrile {15)

18 It is prepared similarly as example 1. Yield 22%; "HNMR {400MHz, CDCIZY 525
(s, 2M}, 2.89 (t, J = 5.6Hz, 2H), 3.27 (s, 2H), 3.6 (s, 2H}, 3.92 (s, 4H), 5.1 (s, 2H),
7.43 {4, J = 8Hz, 1H), 7.62-7.67 (m, 6H), 7.66 (s, 1H); LC-MS: myz = 4681 {M+1),

&5



WO 2018/031987 PCT/US2017/046715

Example 18

N

(16)
4-{4-Chlorobenzyl}-7-(3-fluorobenzy}-1,2,8,7.8 8-
hexahydroimidazol1 2-ajpyridof3,4-elpyrimidin-8(4H}-one (16)

It is prepared similarly as example 1. Yisld 25%: "HNMR (400MHz, CDCID) 8
246 (t, J = 5.8Hz, 2H), 2.85 {t, ] = 5.6Hz, 2H), 3.27 (s, 2H), 3.84 {8, 2H}, 3.89 (s, 4H),
5.0 (s, 2H}, 6.92-6.87 {m, 1H}, 7.07 {t, J = 7.8Hz, 2H), 7.23-7.20 {m, 3H), 7.4-7.42 (d,
J = 8z, 2HY LC-MS: miz = 425.2 (M+1).

10 Example 17

AP

(17)
4-{4-Bromobeanzyl)-T-{3-fluorchenzyl)-1,2.8,7.8.9-
hexahydroimidazol ;2-alpyridol3 4-elpyrimidin-S{dH-ons {17}

it is prepsred similarly as example 1. Yield 30%:; THNMR {4000MHz, CDCI3)

15 8247 (1, J = 5.8Hz, 2H), 2.685 (1, J = 5.6Hz, 2H), 3.27 (8. 2H}, 3.85 (s, 2H), 3.89 {5,

4H} 4.89 (s, 2H), 8.83-8.97 {m, 1H), 7.05-7.08 {m, 2H), 7.24-7.20 {m, 1H), 7.33-7.41
(m, 48} LO-MS: miz = 4711 (M+1).
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Example 18

/' f\/j,\
K, \,,«“"j\ EV/F

(18)
I{3-Fluorobenzyli-4-{(4-(trifluoromethylbenzyiy-1,2,6,7,8,8-
hexahydroimidazof1 L-aipyridol3 4-aloyrimidin-5(4H}one (18)

5 It is prepared simiarly as example 1. Yield 25%; "HRNMR {400MHz, CDCIZ)
8248 (1, J = 5.8Hz, 2H), 2.87 (4, J = 5.8Mz, 2H), 3.28 {s, 2H}), 3.85 (3, 2H}, 3.81 (s,
4H}), 5.1 (s, 2H), 6.93-6.98 {m, 1H),7.08 {1, J = 78Hz, 2H), 7.25-73 {m, 1H), 7.82-
7.57 (m, 4H); LO-MS8: mvz = 450.2 (M+1).

10 Example 18

\ﬁ ) ,)\D L N/i\\ AN
o’ \\1;‘: '\L J g

(1%)

7-(3-Perdeuteriobenzyl}-4-{4-(irifluoromethyibenzyi)-1,2,6,7.8.0-
haexahydroimidazolt <£-alpyrido[3, 4-elpyrimidin-8{4H}-one (19

It is prepared similarly as example 1. Yield 30%.; 'THNMR {GO0MMz, CDCIB) &
15 2.48 (s, 2H}, 2.60 (s, 2H), 3.3 {5, 2H), 3.80 (s, 4H), 5.00 (s, 2H}, 7.54 (s, 4H); LC-MS:
miz = 4483 (M+1).
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Example 20

N s ‘
./ A

{20

7-benzyl-4-{4-{triflucromethoxyibenzyi-1,2,6,7 8.8~
hexahydroimidazol1,2-alpyridol3, 4-elpyrimidin-5(4Hkone {20
5 it is preparad similarly as example 1. Yield 30%; "HNMR {400MHz, CDCI3) &
245 (4 J = 5.6Hz, 2H), 2.64 (1, J = 5.6Hz, 2H), 3.28 (s, 2H), 3.5 (s, 2H}, 3.85.3.88
{m, 4H), 5.03 (s, 2M), 7.4-F12 (d, J = 8Hz, 2H), 7.25-7.31 (m, SH), 7.48-7.51(d, J =
Bz, 2H} LC-MS: iz = 458.8 (M).

10 Example 21

Rl TN QO

mf
(21)

-{3-{riftuoromethoxybenzyl-4-{4-{iflucromethvilbenzyi)-1,2,8,7.8,8-
hexahydroimidazo[1,2-alpyridol3, 4-slpyrimidin-6(4H -one {21}
It is prepared similarly as example 1. Yield 25%:; "HNMR (400MHz, CD30DY &
15 263 (1 J = B8z, 2H), 2.76 (4, J = 5.6Mz, 2H), 3.25 (s, 2H), 3.75 (s, 2H), 3.83-3.88
{m, 2H}, 4.03-4.07 {m, 2H), 5.1 (s, 2H), 7.20 (¢, J ~ 8Hz, 1H), 7.32-7.51 {m, 5}, 7.59
(d, J = 8Hz, 2H), LO-MS: mfz = 524.7 (M).
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Example 22

{22

4-{4-chiorobenzyi}-7-{4-athynvibenzyi}-1,2,8,7.8.8-
haxahydroimidazol 1, 2-alpyridol3, 4-slpyrimidin-8{(4H}-ona {22}

5 i is prepared similardy as example 1. Yield 25%; "THNIMR (400MHz, DMSO dB) &
2.51 (s, 2H), 262 {1, J = B.8Hz, 2H), 3.02 (s, 2H}, 3.62 (s, 2H, 371 (1, J = 8.2Mz, 2H},
383 (L J=8.2Mz), 4.88 (s, 2H), 7.3-7.36 (m, 8H), 7.43-7.45 {d, J = BHz, 2H) LO-MS:
miz = 430.8 (M).

10 Example 23

(23}

4-{4-Bromobenayl}-7-(4-luorobenzyl1,2.6,7.8,58-
hexahydroimidazo[1,2-alpyrido[3 4-elpyrimidin-S(dH rone (23)
it is prepared simifarly as example 1. Yield 30%; "HNMR (400MHz, CDCI3) &
15 2.48(4 J = 5.6Hz, 2H), 2.65(1, J = 5.68He, 2H}, 3.28 (s, 2H), 3.62 (s, 2H), 3.89 (s, 4H3,

4.99(s, 2H), .98 (t, J = 8.8Hz, 2H),7.27-7.3 (m, 2H), 7.33-7.41 {m, 4H); LO-MS: miz
= 471.1 (M+1),
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Example 24

N

£

(24)

?~{3~(Triﬂugmmeihyi}benzyﬁ}wf;in«(@-{triﬁmmmathyi}&;enzyi)«‘E 2,.8,7.8.9-
hexahydroimidazolt Z-ajpyridof3,4-slpyrimidin-S{4H)-one (24)

5 It is prepared similarly as example 1. Yield 25%; 'HNMR {400MHz, CDOI3
82.48 (1, J = 5.6Hz, 2H), 2.87 {1, J = 5.8Hz, 2H), 3.29 (s, 2H), 371 (8, 2H), 3.8 (s, 4H),
8.1 {s, 2H), 7.43 (t, J = V.6Hz, 1H), 7.51-7.57 (m, 6H), 7.51 (&, 1H); LC-MS: nmvz
509.8 (M+1).

10 Example 28

4-{4-chiorobenzyl}-7-(thiophen-2-vimethyl3-1,2,.6,7.8.8-
hexahydroimidazol1 Z-aipyridof3 4-elpyrimidin-S{4H)}-one (25)
It is prepared similarly as example 1. Yield 25%: "HNMR {(400MHz, CDCIZ) 3
15 2.47 (s, 2H), 2.88 (8, J = 5.2Hz, 2H), 3.3 (s, 2H), 3.7 {{, J = 8.8Hz, 2Hj, 3.88 {s, 4H),
2.01 {8, 2H), 7.05-7.07 (d, J = 8Hz, 1H), 7.15 (s, 1H), 7.23-7.28 {m, 3H), 7.4-7.42 (d,
J = BHz, 2H); LO-MS: miz = 413.1 (M+1).
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Example 26

T Jj\\ -
SRS eQS!
= Ny, 25N

\\/x

{26}

4-{4-chiorsbenzyl}-7-{thiophen-3-yimetini)-1,2,8,7.8.8-
haxahydrolmidazolt &-alpyridofd, 4-elpwimidin-5(4Hone {28}

5 itis prepared similarly as sxampie 1. Yield 25%: "HNMR {400MHz, DMSBO a8 5
2.51 (3, 2H), 285 (4, J = 5.2Hz, 2H), 3.08 (s, 2H), 3.71 4, J = B.8Hz, 2H}, 3.83 (s, 2H),
3.84 {1, J = 8.8Hz, 2H), 4.88 (s, 2H), 6.86-6.99 (m, 2H), 7.3-7.38 (m, 4H), 7.43.7.44
(d, J = 4h2 THY LO-MS: miz = 413.1 (M+1),

10 Example 27

@n

3{{1-sthyh-2,4-dioxo-3-(4-(rifluoromethylbenzyi>1,2,3.4,7,8-
haxahydm;}yﬁdmi@,3»@};}35:‘%??15&5&6{55*5}—yﬂ}me‘thyi}benzﬁnitrﬂe {27}
Compound 27 was prepared as shown in Example 2 and Example 3. Notably,
15 methyl lodide is replaced by iodoethane. Yield 15%: "HNMR {400MHMz, CDCI3}
8127 (1, J = 5.6z, 3H), 2.68-2.74 (m, 4H), 3.34 {8, 2H}, 3.7 (g, 2H), 3.88-3.91 (m,
2H), 396 (s, 2MH), 744 (t, J = 8Mz, 1H), 7.52-7.58 (m, 8H}), 7.87 (s, 1H); LC-MS:
MYz = 468, 1{M+1).
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Biological Assavs and Data

Compourds of the present invention may be lested on human derived cancer
calls,

Cancer ceil lines, HCT118 (human colon cancer) or MDA-MEB-231 (MDA 231,
human breast adenocarcinoma) were dispensed in 100 ul of cell suspension in a 95
well plate. The plate was incubated for 24 hours in a humidified incubator {37°C, 5%
Gy The compound from the present invention, al the appropriate fest
concentrations, ars added to the culiure media of the plate. The plate is incubated
for 48 hours, COK-8 (10 ul, sse balow) is added {o sach well. The plate is incubated
from 1-4 b under conditions as described above, and the absorbance at 450 nm and
850 nm is measured with a plate reader.

Cell Counting Kit-8 (CCK-8) allows sensitive colorimetric assays for the
determination of the number of viable cells in the profiferation and oyvlotoxicity assays.
Cell Counfing was by COK-8 using WST-8 (2-{2-methoxy-4-nitrophenyi}-3-{4-
nitrophenyl}-5-(2, 4-disulfopheny)-2H-tetrazolivm, monosodium sall), which produces
a waler-soluble formazan dye upon bloreduction in the presance of an slectron
carier, 1-Methoxy PMS. CCK-8 solution is added dirgctly to the cells. WST-8 is
bioreduced by celiular dehydrogenases to an orange formazan product that is soluble
in tssus culture medium, The amount of formazan produced is dirsclly proportional to
the number of living cells.

Biolegical activity on human cancer cells for selected examples is providad in
Table 1. Compounds of the invention show significant and  unanticipated
improvements In potency on human cancer lines in comparison to TICT0 (11-benzyh
7-{{2-methyiphenylimethyil-2,5,7,11 “tetraazatricyclo[7.4.0.0% rideca-1 {8}, 5-dien-8-
el

Table 1. Biological activily data on human cancer cells for salect analogs

&N s - 3 33 NG FouR S 3 SN S SN TN & Y
TOIOEITUIAAND Iy A e FHARA ARE TR W o HEEEY
LOimpoung ® Hesn {URg, HLTTIR) Wegn {1,
R AN R 2N
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cells). Figure 1 shows ICs determinations for TIOY 4, compound 2 and compound 4
after 3 day (72 how treatment). Figure 2 shows westem blots for tas compound on
AB48 cells after 72 hours. The following kinases were examined: Akt, pAld, Meki,
Mekd, Erk2, pErkZ and oMye
differentiation protein (Mch-1) was also svaluated. OF particular note, is the reduction

in addition, Induced mysioid leukemia cell

in the kinase pAkt (phosphorviated form of Akt} with compound 2 at significantly
lower concentrations than TIC1O. Compound 2 at 0.037 uM provides similar
reductions in pAkt as doas 10 uM of TIC1D.

Select compounds of this invention were examined in vivo o assess
pharmacokinelic properties in & mouse. TIC1D was compared to Example 4,
Example 18, Example 19 and Example 26, Each compound was formulsted and
administered to 2 mouse. Blood was taken at specific time points (0.25h, 05 h, 1 h,
2h,4h 8h and 24 h) and avaluated for the drug administered by LO/MS. Each
compound was administered iv. 8t 2 mgikg and also evaluated by oral administration
{gavage} at 10 mo/kg (Formulation: 5% DMSO + 05%, HP-B-CD (20%, W) vielding a
solution). The salect data from these studies is shown in Table 2.4 Note: In the field
of pharmacokinetics, the area under the curve {AUC) is the arsa under the curve
{mathematically known as the definite integral} in a plot of drug concentration in blood
plasma vs. ime. in addition, percent oral bicavailability or %F is a measurs of the
percent of the drug given orally that is in systemic circulation In the plasma. Sse US
8,678,760 and reforences cifed theroin,

Table 2: Evalustion of TIC10, Example 4, Exampla 18, Example 18 and

Example 27 in a mouse
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All publications and patent applications oited in the spacification are herein
incorporated by reference in their entirety.  Although the foregoing invention has
been described in some detall by way of Hlustration and example, # will be readily
apparent {o those of ordinary skill in the art In fight of the teachings of this invention

5 that certain changes and modifications may be made thereto without departing from

the spirlt or scope of the appended ciaims.
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What is claimed is:
1. Acompound of Formula (1)

t)

whersin

Ry and R are independently selected from the group consisting of hydrogen, -F, ~Cl, -
Br, -1, -CN, (C1-C3ihaloalkoxy, (C1-Cd)alioxy, {G1-08) allyl, (C3-C8loycloalkyl, {02~
Clalkyryd and (C1-Colhaloalkyl; or altematively, Ry and R; may be taken together
with the carbon atoms o which they are attached to form & 3-8 membered ring;

Ra, Rq and Rs are independently selected from the group consisting of hydrogen,
halogen, -CN, {(C1-Cihaloalidoxy, (C1-Caatkoxy, (C1-Cllalky, (C3-C8leycloalio,
(C2-Calallymnyt and (C1-CBihaloalkyl:

Re and Ry are each independently selected from the group consisting of
hydragen or methyl;

Re and Ry are sach independently sslected Fom the group consisting of
hydrogen, halogen and {C1-C3)alkyi;

Rip and Ry are sach independently selocted from the group consisting of
hydrogen, halogen and (C1-C3alll:

R and Ry are sach independently selected from the group consisting of

Fydrogen, halogen and {C1-03)alic:

Hiw and Ry are sach independently selectad from the group consisting of
hydrogen, halogen, (C3-C8keycloaliod and (C1 ~Gdialiot:

Ris and Ry togsther with the carbon atom to which they are altached may form a 3
membered carbocyclic ring:

Rig and Ryy are sach independently selected from the group consisting of hydrogen,
halogen, (C3-C8loycloalkyl and (C1-Calalit;
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Rig and Ry together with the carbon afom o which they are atiached may form a 3
memberad carbocyolic ring:

Ris and Ry together with the carbons atoms to which they are attached may form a
nonaromatic ring having 3 to 8 carbon atoms:;

V is independently selected from the group consisting of:

R20

Rig Rig

"6 R2%

A22,
R

Ha3

§24 "3

Vi, ™ Va2 and,
Ryg and Ryg are each independently selected from the group consisting of hydrogen or

Rap

mathnd;

Rao and Ry are each independently selected from the group consisting of hydrogen,
{C1-Cajalkyl, or halogen;

Rzz, Rz and Rpq 8re required fo have at least one occurrence independently selected
from the group consisting of the following: hydrogen, halogen, (C1-C8alky, (T3
COjcyeloatkyl, {C3-COeycloalikyl(C1-Caaliod, (C1-Cohaloalkyl, -NM,, -8H, -OH, (C1-
Cojalkoxy, -NRaRs, substituted (C1 CElakyl, substiuted (C3-C8)oyoloalky,
substituled {C3-COleycloaliyl{C1-Chlalkyl, substituted {C1-Calhaloalkyl, substifuted
{C1-Chmlkoxy, {C3-Clloycloallo{ C2-C8Jalkynyl, {C4-C8loycloatkkenyl,  {C4-
CBloycloatkenyl{C1-C8jatkyl, 24, Zo, Zs, aryi, hetercaryl, -CN, -NOy, -8R, ~-C{OIOHM,
C{OJORg, -OC{O)0Ry, (C2-C8lalkynyl, {C2-C8lalkenyl, {C1-Coihaloatkyoxy, -
S{OhORs, -SONRuRss, -S{0)Rsz, ~NRa:S{O)Raz, -CONRsRas, ~-O(OWRay, and -
NRC{ORs;

any remaining open position for substitution for Ry, Rus and Ry is independently
seiecled from the group consisting of the following: hydrogan, halogen, {C1-Célaliod,
{C3-Coleycloakyl, (CI3-CRoycloaliyi{C1-CBlalkyl, {C1-Cohaloalkyl, -NH,, -OH, -8H,
{C1-Chlalkony, -NRaRas, substituted {C1-Colalkyl, substituted (C3-C8)oycloalkyl,
substituted (C3-COkycloallyl(C1-Calalied, substituted {C1-Clhaloalkyl, substituted
{C1-CHhalkoxy, (C3-Cokoycloalil{ C2-Claliynyl, {C4-C8loycloatkenyl,  {C4-
Clloycloatkenyl(C1-Colaliyl, Zs, anvl, heteroaryl, -ON, -NO., ~5Rap, -C{OWOH, -
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C{OJ0Rg, ~OC{O)0OR,,, {C2-C8)aliyny, (C2-CBlakenyl, (C1-Chaloatkvoxy, -
S{ORORz, -BONRyRas, -S(O)Ryy, -NRuS{ORRy, ~CIONR R, Oy, and -
NRaC{O Ry

Rz and Rye may be taken together with the carbon atoms o which they are altached to
form a ring;

Rzs and Ry may be together with the nitrogen to which they are aftached fo form a ring;

Ras, Res and Ry are independently sefected from the group consisting of the following:
hydrogen, halogen, (C1-Céalkyl, (C3-C8)cycloalky, {C3-C8)oycloalind{C1-Clalk,
{C1-Cohaloalkyl, -NHz, -OH, -SH, (C1-C8lalkoxy, -NRuRa, substiuted {C1-
Colalkyl, substituted (C3-C8eycloalkyl, substituted {C3-CBoycloalio{C1-C8)alkyl,
substituted (C1-Céihaloalkyl, substituted (C1-C8)alkoxy, {C3-C8levcloalkyl{ C2-
CBlaliynyl,  (C4-C8joynioalkenyd, (C4-Coloycloatkenyl{C1-CBlalkyl, Zo  aryl,
heteroaryl, -CN, -NQg, -8SRa, -C{O)OH, -C{O)0Rsm, -OC(OI0Rs, {C2-C8alkynyl,
{C2-Cllalkenyl, (Ct-Cathaloalkyoxy, -S{ORORay, -SONRsdRas, ~S{0OhRa,
NR31S{C)zRaz, ~CIOMNR4Ras, ~C{ORe, and -NRasCOWRa;

Raze, Rou, and Ry are independently selected from the group consisting of the foliowing:
hydrogen, halogen, (C1-C8lalkyl, (C3-CBlcyeloalky, {C3-Cleycloaliog{C1-Célalkyl,
(C1-Cohaloalkyl, -NHz, -OH, -SH, {C1-C8lalkoxy, -NRuRi, substituted {C1-
Coalieyl, substituted (C3-CBlovcloalkyl, substituted {C3-UBkeycloalil{C1-Cllalky,
substituted  {C1-C8haloalkyl, substitvted {C1 -Glalkoxy, (C3-C8joycloalkyl{C2-
Cllalkynyl,  (C4-CB)oycloalkeny, (C4-CBloycloalkenyi{C1-C8latkyl, Z;,  anyl,
heteroaryl, -ON, -NO;, -8Ra, -C{OXOH, -C{OORs, -OC{OI0R,, {C2-C8lalkynyd,
(C2-Cllalkenyl, (C1-CBihaloalkyoxy, -S{0RORa, -SONRuRss, ~S{ORRa,
NR31S{0)eRaz, -C{ONR34Ras, -C{O)R3y, and ~NRzC{ORs:;

Rag and Ry together with the carbons atoms to which thay are affached may form a
ring;

Rue and Ry together with the carbons stoms to which they are attached may form a
Hng;

Rat I8 independently selected from the group consisting of hydrogen, optionally
substitted {C1-C8)alkyl, optionally substituted {C3-Clleycloalkyl, and optionally
substituted (C4-C8alkenyl:
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Raz is independently selected from the group consisting of optionally substituted (C1-
C8latkyl, optionally substituted (C3-C8leycloalkyl, and optionally substituted {(C4-
Clalkenyt;

Rz Is independently selscted from the group consisting of eptionally substituted {(C1-
C8Jalkyl, optionally substituted (C3-COjeycloalkyl, and optionally substifided {C4-
C8lalkenvi;

Ry is independently selected from the group consisting of hydrogen, optionally
substituted  (C1-CBjalkyl, optionally substituted (C3-C8)oycloaliey, and optionally
substituted (C4-CBlalkenyt;

Rss Is independently selected from the group consisting of hydrogen, optionally
substituted {C1-CBJalkyl, optionally substituted {C3-Chjeycloalicdl, and optionally
substituted {C4-Cl)alkenyt;

Ras is independently selocted from the group consisting of hydrogen, optionally
substituted (C1-C8Jalkyl, optionally substituted (C3-C8loycloalkyl, and optionally
substituted (C4-C8)alkenyl:

Rar and Ras are sach independently selected from the group consisting of hydrogen or
mathyl;

Rae and Ry are sach independently selected from the group consisting of hydrogen or
methyl;

with a proviso that Ry, Ry, Ry, Ry, Rs, Rg, Ry, Ry, Re, Rip, Rygy Resy Bz, Rug, Rys, Ry,
Rz, Rig, Rag, Roo, Rey, Raz, R and Ry cannot simuliansously be hvdrogen;

with a proviso that R is -CHg, -Cl, -Br or -OMe then Ry, Ry, Ry, Ry, Ry, Ry, Ry, 1, Rg,
Rar, Riz, Ry, Ru, Ruso Ris Rip, Rig, Rug, Ryp, Ry, Rug Rps and Rag cannot
simuliansously be hydrogen;

with & provigo that, i Ry is -CHy or -Cl, then Ry, By, Ry, Rs, R, Ry, Ry, Ry, Ryg, iy, Ryg,
Rig, Raa, Bas, Rig, Ry, Rug, Rug, Rag, Rae, Ry, Ros and Ry cannot simultansousiy be
hydrogen;

with a proviso that ¥ Ry and R; are ~F, then Ry, Ry, Rs, R, Ry, Re, Ry, Rag, Riq, Ryg, Rys,
Rig, Rag, Ry, Ry, Rea, Rus, Ron, Ry, Roo, R and Ry, cannot simultansously be

hyvdrogen;
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with & proviso that Iif Ry is -Br and Ry is -CHs, then Ry, Ry, Ry, Rs, Ry, Ry, Ra, Ry, Ryp,
Re1, Rez, Raa, Rya, Bas, Rus, Ry, Rag, Rug, Roi, Rop, Ry and Fag cannot simultaneocusly
ba hydrogen;

£ I8 an optionally substituled S-memberad heterocyclic ring containing 1 or 2
heteroatoms;

&y is an optionally substituted 4- or S-mambered heterocyclic ring;

£3 is an optionally substituted 7-, 8- or -memberad heterogychic ring;

£4 18 an optionally substituted heterooyolic ring system with 3 to 11 fing atoms;
or a pharmaceutically acceptable salt thereof,

<. The compound of claim 1, whersin
Vis V1:

Moz, Res and Ry are required o have at least one oocurrance indepandently selscted
from the group consisting of the following: -NH,, -8H, -OH, {C1-Coatkory, -NR1pRys,
substituted  {(C1-CBlalkyl,  substituted {C3-C8)oycloalkyl, substituted (C3-
Coleycloalky{C1-Ch)alkyl, substituted {C1-Caihaloalkyl, substited {C1-C8lalkoxy,
(C3-COloycloalky{ C2-C8 Jalkyny, (C4-CBleycloalkenyl,  {C4-CBloycloatkenyi(C1-
Celalkyl, Zy, 2z, Z3, aryl, heteroary, -CN, -NOz -SRa, L{OYOH, ~-C{O0ORy;, -
OC{OY0OR,,, (C2-Cajaliynyl, (C2-C8lalkenyl, {C1-Cohaloalkyoxy, -S{OROR.:, -
SCNR3aRas, ~8{01Ra, -NR31S(ORR:z, ~C{ONRaRas, ~C{OR s, and -NR:aC{OWRy,

3. The compound of claim 1, wharein
Vis Vi

Rz, Ros and Ryq are required fo have at least one occurrencs independently selected
from the group consisting of the following: -NRyRs., substituted {C1-Calaliod,
substifited (C3-C8joycloatkyl, substituted (C3-Co)cycloalky{C1 -LBlalkyl, substituted
{C1-Chihaloalkyl, substituted (C1-Clalkoxy, (C3-Cljcycloalio{C2-Clalkynvl, (04
C8jeycloalkenyl, (C4-C8loycloalkernyl(C1-Cllalkvl, 25, Zs, aryl, hateroanyl, ~-CN, -NG;,
B8Ry, -C{OJOH, -C{OX0ORy;, -OC{0OI0R.:, (C2-Chlalimyl, {(C2-Cllalkenyl, {C1-
CE)haloalkyoxy, -S{0)0Rsy, -S0NRsRas, ~5(0hRas, -NRaS{0hRa, ~CIONR Ry,
~L{O)Rz1, and -NRC{OWR,,,
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. The compound of claim 1, wherein Ry is independently selected from halogen and

{C1-Claliod;
or a pharmacautically scceptable salt thereof,

. The compound of claim 1, wherein Ry is independently selected from halogen and

{(C1-C3alkyl;
or & pharmaceutically acceptable salt thereof,

. The compound of claim 1, wherein

Vis V1;
Ry s independently selected from (C2-08)alkynyl and ~ON:
or a pharmaceutically acceplable salt thereof,

. The compourd of claim 8, wherein R; is independently selected from halogen and

{C1-C2Zthaloaliod:
or a pharmaceutically acceptable salt thersof.

. Tha compound of claim 1, wherein

V is independently selected from V2 and V3;
Res and Rep are independently selected from (C2-C8)alkyny! and ~CN:
or a pharmacsutically accaptable salt thereof,

The compound of claim 1, whersin

V¥ g independently selected from V2 and V3;

Rzr and Ry are independently selected from (C2-C8alkynyd and -ON:

or a pharmaceutically acceptable salf thergof,

10. The compound of claim 1, whersin
Vs Vi;
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Moz, Ry and Ryg are required 1o have at least ong scoumence indapendently selected from
the group consisting of the following: halogen, {C1-Clalkyl, {C3-Cloycloalkyl, (C3-
Coleycloalky(C1-C8)alkyl, (C1-Cihaloalkyl, -NH,, -SH, -OH, {C1-CBlalkoxy, ~NRRas,
substifuted  {C1-CBlalkyl,  substituted {C3-COloycloaliyl,  substituted  (C3-
Celeyoloalkyl{C1-C8lakyl, substituted (Ot -CElhaloatkyl, substituted {(C1-C8)alkoxy,
{C3-Clloycloali{ C2-Coalkyny, (C4-Cajoycloalikenyl, {C4-C8loycloalienyi{C1-
C8lakyl, Zy, Zp, Z3, aryl, hefercaryl, -CN, -NO,, -SRy,, C{OYOH, -C{OYORg,, -
OC{Q)ORs,, (C2-CBlalkynyl, (C2-C8latkenyl, {C1-Caihaloalicvoxy, -S{OR0ORs,,
SOzNRaaRs, ~8(0)Raz, -NR318(0)Ras, -CIOINRaeRas, -CIORy, and -NRyC{ORs1;
of & pharmaceutically acceptable salt thersof,

11. The compound of claim 10, wherein

Ry is indepsndently selscted from hydrogen and &

Rz is independently selacted from halogen, (C1 ~CBhaloalkyl:

Ra is independently sclected from hydrogen and -F:

Ra Rs. R, Ry, R, Ry, Rig, Ryr, Riz, Rug, Rig, Rys, Rug, Ry, Reg, Rug and Ry are
simultaneously hydrogen;

Rap and Ry are independently selected from hydrogen and -F:

or a pharmaceutically acceptable salt thereof.

12.  The compound of claim 10, wharein

Rs is independently selected from hydrogen and -5

Rz is independently selected from -CF;, -CHF,, -F, -Cf and -Br;

Ry is independantly selected from -CN, and ~{ 2 Jalkynvl;

Rz, Re, Rs, Rs, Ry, Re, R, Rug, Ry, Rip, Reg, Reg, Rus, Rug, Ry, Rus, Rus, Run, Ray, Roa,
ard Rgy are simultansously hydrogen;

or a pharmacautically acceptable salt thereof.

13.  The compound of claim 10, wherein
R: is independently selected from -CF;, -Cl and -Br;
Rz is independently selected from halogen:
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R, Ra, Ra, Rs, Re, Ry, Ry, Re, Ruo, Rus, Rig, Ryz, R, Ras, Rig, Rey, Rug, g, Rop, Ra,
Ras, and Ry are simultansously hydrogen;

or a pharmacsulically acceptable salt thereof,

4. A compound or a pharmaceutically acceptable salt thereof, wherein the compound

is:

15. A compourdd or & pharmaceutically acceptable salt thereofl, wherein the compound
is:

Jf\(IN QNG

18. A compound or a pharmaceuﬁcaﬁiy acceptable salt thereof, wherein the compound

s i/‘ ":1:-‘,:-/ /‘\\._‘.r"’ ’ o fJ\i[f"\x: E” \"\.i Fa, _/‘ \\.‘/f\ /;\\Vr/j\\ A"' E"’/ \.’\
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('\(%/!\\N'/\E ‘\‘\w.f"’“\\, Tjrl\i AT ,f'\\ /
{
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17. A compound or a pharmaceutically acceptable salt thereof, wherein the compound
i
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20. A method for the treatment of cancer In & subject, comprising administering an
effective amount of a compound of farmula (1)

8 ﬁ R§ RY

R
e /k J

e ; Ri¥
Lo

/1

éiw"\/

(;

or a pharmaceutically acceptable salt thersof,

21. A method for the treatment of cancer in a subject, comprising administering an
sffective amount of & compound of claim 2, or a phamaceutically acceptable salt
thereof.

22. A method for the treatment of cancer in 2 sublject, comprising administering an
effective amount of a compound of claim 3, or g pharmaceutically acceptable salt
thersof.

23. A method for the trestment of cancer in a subject, comprising administering an
sffective amount of a compound of claim 4, or a pharmaceutically acceptable salt
thareof,

24. A method for the treatment of cancer in & subject, comprising administering an
effective amount of & compound of claim 5, or & pharmaceutically acceptable salt
theraof.

25. A method for the treatment of cancer in & subject, comprising administering an
affective amount of a compound of claim 8, or & pharmaceutically acceptable salt
thereof,

28. A method for the treatment of cancer in & subject, comprising administering an
sffective amount of & compound of claim 7, or & pharmaceutically accepiable salt
thereof.
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£7. A method for the restment of cancer in subject, comprising administering an
effective amourt of a compound of claim 8, or a pharmaceutically acceptable salt
thereof.

28. A method for the treatment of cancer in a subject, comprising administering an
effective amount of a compound of claim 8, or o pharmaceutically acceptable salt
thereof.

£8. A method for the treatment of cancer in a subject, comprising administering an
effective amount of & compound of claim 10, ar a pharmaceutically acceptsble salf
thereof.

30. A method for the treatment of cancer in a subjest, comprising administering an
effective amount of & compound of claim 11, or a pharmaceutically acceptable sait
thereof,

31. A method for the treatment of cancer in & subject, comprising administering an
effective amount of 2 compound of claim 12, or & pharmaceutically acceptable salt
thersof.

32. A method for the freatment of cancer in a subject, comprising administering an
effective amount of a compound of claim 13, or a pharmaceutically acceptable salt
thereof,

33. A method for the treatment of cancer in a subject, comprising administering an
effactive amount of a compound of claim 14, or & pharmaceutically acceptable salt
thereof,

34. A method for the treatment of cancer in a subjedt, gomprising administering an
effective amount of 3 compound of claim 15, or a pharmaceutically acceptable salt
theraof.
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38. A method for the treatment of cancer in a subject, somprising administering an
effective amount of & compound of claim 18, or & phammaceutically acceptable salt
theraof,

38. A maethod for the treatmant of cancer in a subject, comprising administering an
effective amount of 2 compound of claim 17, or a pharmaceutically acceptable salt
thersof.

37. A method for the freatment of cancer in a subject, comprising administering an
effective amount of a compound of claim 18, or a pharmaceutically acceptable salt
thergof,

38. A method for the treatment of cancer In & subject, comprising administering an
effactive amount of a compound of claim 18, or a pharmacsutically acceptable salt
thaereof,

38. A pharmaceutical composition, comprising a compound of claim 1. or a
pharmaceutically acceptable salt thereof, and & pharmaceutically acceplable carrier
or excipient.

40. A phammaceutical composition, comprising 2 compound of claim 2 or s
pharmaceutically acceplable salt thersof, and a pharmaceutically acceptable carvier

of gxcipiant.

41. A pharmaceutical composition, comprising a compound of claim 3, or 2
pharmaceutically accaptabie salt thereof, and & pharmaceutically acceptable carrer
or exciplent.

42. A pharmacsutical composition, comprising 2 compound of claim 4, or s
pharmacsutically acceptable salt thereof, and a pharmaceutically acceptable carrier

or excipient,
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43. A phamaceutical composition, comprising & compound of claim 8 or a
phamaceutically acceplable salt thereof, and a pharmaceutically acceptable carrier

OF excinient,

44. A pharmaceutical composition, comprising a compound of claim 8, or a
pharmaceutically acceptable salt thereof, and a pharmacsutically acceptable carrier

or excipient.

45, A pharmaceutical composition, comprising a compound of claim 7, or a
pharmaceutically acceptable salt thereof, and a sharmaceutically accaptable camier
or excipient,

46. A pharmaceutical composition, comprising a compound of olaim 8 or a
pharmaceutically acceptable salt thereof, and 3 pharmaceutically accepiable oarrier

of excipient.

47. A pharmaceutical composition, comprising 2 compound of claim 9, or s
pharmaceutically acceplable salt thereof, and a pharmacsutically scceptable carrier
or excipient.

48. A pharmaceutical composition, comprising a compound of claim 10, or a
pharmaceutically acceptable salt thersof, and a phamaceutically acceptable carrier

ar excipient.

48. A pharmaceutical composition, comprising & compound of cleim 11, or &
pharmaceutically acceptable salt thereof, and a pharmaceutically scceptable camier
or exgipient,

50. A pharmaceutical composition, comprising a compound of claim 12, or 8
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier

ar axciplent.
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81. A pharmaceutical composition, comprising & compound of claim 13, or a
pharmaceutically accaptable salt thereof, and a pharmaceutically acceptable camier

oF axcipient.

82. A pharmaceutical composition, comprising @ compourdd of claim 14, oF B
phamaceutically acceplable salt thereof, and a pharmaceutically acceptable carrier

or sxcipient.

83. A pharmaceutical composition, comprising a compound of claim 15, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrer

oF excipient.

34. A pharmaceutical composilion, comprising a compound of claim 18, or a
pharmaceutically acceptable salf thereof, and & pharmaceutically accaptable carrier

Or excipient.

85. A pharmaceutical composition, comprising 8 compound of claim ¥, o &
pharmaceutically acceplable salt thereof, and a pharmaceutically acceptable carrier

o excipient,

58. A phammaceutical composition, comprising & compound of claim 18, or a
phammaceutically acceptable salt thereof, and a pharmacsutically accepiable camier

or axcipient,

87. A pharmaceutical composition, comprising & compound of caim 18, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrler
Gr excipient.
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