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BACKGROUND OF THE | NVENTI ON [ 0001] Phosphati dylinositol 3-kinase (PlI3K) is
a fam |y wO 2begpisa74ki nases t hat phosphoryl ate phosphati dypcirnssemobssat t he 3
position of the inositol ring. P13K i$ conprised of several classes of
genes, including ass IA IB, Il and Ill and sone of these classes contain
several isoforns (reviewed in Engelman et al., Nature Review Genetics
7:606-619 (2006)). Adding to the conplexity of this famly is the fact that
Pl 3Ks function as heterodiners, conprising a catalytic donmain and a

regul atory domain. The PI3K famly is structurally rel ated to a Iarger
group of lipid and serine/threonine protein kinases known
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DNA- PK, ATM ATR, nTOR, TRRAP and 5MGL. [0002] PI 3K is activated downstream
of various mtogenic signals nmediated through receptor tyrosine kinases,
and subsequently stinulates a variety of biological outcones; including

i ncreased cell survival, cell r | growth, cel

met abol i sm cel |l nlgratloﬁiéggéé@gﬁggéggéﬁiit£€§lﬁﬁid in Cantley, Science
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gene cl asses have proven to be oncogenic and are commonly found in a
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4:988-1004 (2005)), pancreas (reV|eme In wnwar d Nat ure Reviews Cancer
3:11-22 (2003)), thyroid (reviewed in Dowmward Nature Reviews Cancer
3:11-22 (2003); reviewed in Hennessy et al., Nature Reviews Drug D scovery
4:988- 1004 (2005)); brain (Sanuels et al., Science 304:554 (2004); reviewd
in Karakas et al., British Journal of Cancer 94: 455-59 (2006)), bl adder
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3 [0006]Clearly, it would be beneficial to provide novel PI3K inhibitors

t hat possess good therapeutic properties, especially for the treatnent of
prol i f er avoweeqy/iswfsh ammat ory, or cardi ovascul ar di sor der CTRIETADI0ED07
DESCRI PTI ON OF THE | NVENTI ON [ 0007] 1. 2General Description of Conpounds of
the Invention: [0008] This invention provides conpounds that are inhibitors
of PI3K, and accordingly are useful for the treatnment of proliferative,

i nfl ammat ory, or cardiovascular disorders. The conpounds of this i nvention
are represented by formula I: Y2---/ R2 CY--e | or a
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wher ei Karakas et al., British Journal of Cancer 94: 455-59 (2006)), esophagus (Phillips et al., International
Journal of Cancer 118:2644-6 (2006)); pancreas (reviewed in Downward Nature Reviews Cancer 3:11-22
(2003)); skin (reviewed in Hennessy et al., Nature Reviews Drug Discovery 4:988-1004 (2005)), prostate
(reviewed in Hennessy et al., Nature Reviews Drug Discovery 4:988-1004 (2005)), lung (Samuels et al.,
Science 304:554 (2004); reviewed in Karakas et al., British Journal of Cancer 94: 455-59 (2006)), breast
(Samuels et al., Science 304:554 (2004); Isakoff et al., Can Res 65:10992-1000 (2005); reviewed in
Karakas et al., British Journal of Cancer 94: 455-59 (2006)), endometrium (Oda et al., Can Res 65:10669-
73 (2005); reviewed in Hennessy et al., Nature Reviews Drug Discovery 4:988-1004 (2005)), cervix
(reviewed in Hennessy et al., Nature Reviews Drug Discovery 4:988-1004 (2005)); ovary (Shayesteh et
al., Nature Genetics 21:99-102 (1999); reviewed in Karakas et al., British Journal of Cancer 94: 455-59
(2006)), testes (Moul et al., Genes Chromosomes Cancer 5:109-18 (1992); Di Vizio et al., Oncogene
24:1882-94 (2005)), hematological cells (reviewed in Karakas et al., British Journal of Cancer 94: 455-59
(2006); Hennessy et al., Nature Reviews Drug Discovery 4:988-1004 (2005)), pancreas (reviewed in
Downward Nature Reviews Cancer 3:11-22 (2003)), thyroid (reviewed in Downward Nature Reviews
Cancer 3:11-22 (2003); reviewed in Hennessy et al., Nature Reviews Drug Discovery 4:988-1004
(2005)); brain (Samuels et al., Science 304:554 (2004); reviewed in Karakas et al., British Journal of
Cancer 94: 455-59 (2006)), bladder (Lopez-Knowles et al., Cancer Research 66:7401-7404 (2006),
Hennessy et al., Nature Reviews Drug Discovery 4:988-1004 (2005)); kidney (reviewed in Downward
Nature Reviews Cancer 3:11-22 (2003)) and Head and Neck (reviewed in Engelman et al., Nature
Reviews Genetics 7:606-619 (2006)).
[0005] Other classes of disorders with aberrant PI3K pathway signaling where the molecules defined
within this invention may have a therapeutic benefit include inflammatory and cardiovascular diseases,
including but not limited to allergies/anaphylaxis (reviewed in Rommel et al., Nature Reviews
Immunology 7:191-201 (2007)), acute and chronic inflammation (reviewed in Ruckle et al., Nature
Reviews Drug Discovery 5:903-12 (2006); reviewed in Rommel et al., Nature Reviews Immunology
7:191-201 (2007)), rheumatoid arthritis (reviewed in Rommel et al., Nature Reviews Immunology 7:191-
201 (2007)); autoimmunity disorders (reviewed in Ruckle et al., Nature Reviews Drug Discovery 5:903-
12 (2006)), thrombosis (Jackson et al., Nature Medicine 11:507-14 (2005); reviewed in Ruckle et al.,
Nature Reviews Drug Discovery 5:903-12 (2006)), hypertension (reviewed in Ruckle et al., Nature
Reviews Drug Discovery 5:903-12 (2006)), cardiac hypertrophy (reviewed in Proud et al., Cardiovascular
Research 63:403-13 (2004)), and heart failure (reviewed in Mocanu et al., British Journal of
Pharmacology 150:833-8 (2007)).



Zis selected froman optionally substituted Cl1_3al kyl ene chain, -0-,-S
-S(0)-, -S(0)2-, -C(0)-, -02-, -C(O)NR la-, -N(Ria)C(0)-, -N(Ri a)C-, -
N(12") S(OWD-200/BE4@) N(R") -, -N(R12) C(0) NRl a-, -N(R 2) S( erzNSRIape3conr Rl a
is hydrogen or an optionally substitused Cl.4 aliphatic, and R3 is an
optionally substituted group selected from Cl_6 aliphatic, 3-10-nenbered
cycl oal i phatic, 4-10-nenbered heterocyclyl having 1-5 heteroatons

i ndependently sel ected from nitrogen, oxygen, or sulfur, 6-10-nenbered
aryl, or 5-10-nenbered heteroaryl having 1-5 heteroatons i ndependently

sel ectﬁﬂ fromnitrqgen, oxygen, or sulfur; R2 is H halogen, -WR5, or -R5,
wher ei §006]  Cleggly.dt"weuyid be beneficiahp Rrpvesisimous B3y nbihiretsitha) pettess goad herapeudife
chain, rce{lnies,‘els\f(ea%l%for the treatmenSfProliferale) Inframnrafer{) or cardiS¥culardidofieMR2a-
-N(R2a% 0)-, -N(R2a)C2-, -S(0)2NR2a-, -N(R2a)S(0)2-, -0C(0)N(1271-,
-N(R211) C(0) NR2a-, -N(R2a) S(0)2N(Rea) - , Rh i s hydrogen or an
optionally substitut edPELS et o ENIIO optionally
substituted group selected fromCl-6aliphatic, 3-10-nenbered

cycl oal0DPHat i ¢., Gékeddd Demmipeoedf Cretperalsyf thy Invaentnng 1-5 het er oat ons

i ndep tly . selected fromnitrogen, 0Xx ,, Or ur, 6-10-nmenber

eyt TOPOEY TR e proy s CambST ey AGos R B B asherd Rl ERaaBATr
sel ectheltréatrain of grolifg@tive, fugrintorgror satfoMisculat disordrs. &M@ c¥Bpaunds 6B’

i ndependently N or . Wherein each occurrence of R6 is independently
hydr ogBFUNENE rRES Y f9‘i‘73“iazi7, Cl-6al i phatic, or 3-10-nenbered

cycl oaliphatic, wherein: Vis selecged froman optionally substituted

Cl. 3al kyl ene chain, -0-, -N(R6a)-, -5 -5(0)-, -S(0)2-, -C(0)-, -002-,

“C(0)1'1R 64-, -N(R)C(0)-, -N(R6a)CO¥err<5(0)2NR6a-, - N(R8a)S(0)2-,
-0C(0) N(R6a) -, -N(R6a)C(0)NR6a- CYN(R64) S(0) 2N(R6a) -, or -0C((0)-.
Y1 /Xt
HN\)g;xz

or a pharmaceutically acceptable salt thereof, wherein:
when Y, is C, R! is H, -CN, halogen, -Z-R% Cis aliphatic, or 3-10-membered cycloaliphatic,
wherein:
Z is selected from an optionally substituted C,.3alkylene chain, —O-, -N(R'*)-, -S-
, -S(0)-, -S(0),-, -C(0)-, -CO,-, -C(O)NR"-, -N(R'*)C(0)-, -N(R'*)CO,-, -S(0),NR"*-, -
N(R'*)S(0),-, -OC(O)NR')-, -N(R')C(O)NR"*-, -N(R')S(0),N(R*)-, or -OC(0)-;
R' is hydrogen or an optionally substituted C,.,aliphatic, and
R? is an optionally substituted group selected from C,_¢aliphatic, 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur;
R?is H, halogen, ~-W-R’, or —R®, wherein:
W is selected from an optionally substituted C,.; alkylene chain, -O-, -N(RZ“)-, -
S-, -8(0)-, -S(0);-, -C(0)-, -CO;-, -C(O)NR*-, -N(R*)C(0)-, -N(R*)CO»-, -S(0);NR*-,
-N(R*)S(0),-, -OC(O)N(R*)-, -N(R*)C(O)NR*-, -N(R*)S(0),N(R*)-, or -OC(O)-.
R* is hydrogen or an optionally substituted C,_4aliphatic, and
R’ is an optionally substituted group selected from C, aliphatic, 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently

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



R6a i s hydrogen or an optionally substituted Cl.4aliphatic, and R7 is
an optionally substituted group selected from Cl6 aliphatic, 3-10-nenbered
cycl oal i pNat20@/1541410- nenber ed het erocycl yl havi ng 1-5 heCemusawonms3co?

i ndependently sel ected from nitrogen, 4oxygen, or sulfur, 6-10-nenbered
aryl, or 5-10-nenbered heteroaryl having 1-5 heteroatons i ndependently

sel ected fromnitrogen, oxygen, or sulfur; Y1 is S 0, NR8, wherein
R8 is hydrogen or an optionally substituted Ch Aliphatic; Y2 is C, N
wherein each occurrence of R4 is independently-R4' or -T1-R48, wherein:
each occurrence of R4a, as l.ency and stabjlit ermt, .is independentl
fluorine, =0, =detereyylhaiop I3 neiproucigingepsslentseigpisppm niggaspropgen o |
RGER, | S G VRS § s O SIS e
- e, .: ) T | , or - : , or
two octurrent&say Faclﬂzt%epgﬂﬁ’ﬁ%‘ﬁ‘/ N8y hg’éhe%ﬁ"t e O??PFF'Bﬁé?ﬁEﬁisb‘fﬂeP"d‘ fbch t hey
ar e bowydehger, OCN) AbgeRIVOR B, YalipRe! o M1 @fhebdredByERAlSALIBSHRIGRYCl Y| ring
havi ng 0-1 additional_heteroatons selected fromnitrogen, —oxygen, Ok,

sul fur; each oc¥dtieknied figm a8 opHon yis‘r‘mBﬁb‘&’H&ﬁ?lgge‘Pﬁf&P‘Bge X d}l&aﬁ" -S-
optional l'y subst,.s)eds@)pueep! €0,.6dC(0)NRFCINGE")alORhARE)CO3-, 1 onRse-ed
cycl oal i phatic, 4-10-nenbered hegprog&gJ | haainﬁ l: 5 hetegoato
 hdependent | y seNEDE@ BN REGe N ROIGEINR o NED RPN E Tooroii@led
ar?/l N O(r]I ]{5 10- rrgstrrber er Reyardpad ¥ anf@u}n]ghmylub‘igta%@,gamamﬁc, kmflependent | %/ .
sel ecte rom ni trogen, oxygen, or su r; each_occurrence

i s i ndependently an o%zt‘FBﬁaPtf%a%ﬁ@ftftt“ﬁ‘?g(?“@F%‘if&dsfmétﬁé‘lipl?“l“&rﬁ‘l&memgered
Cl_Ceal i phatic, &clbaligrndar@meisdr@ickphiatiyChavig1i05 nesrbas86inbgicpdmaycl yl

having 1-5 heteroato i ndependent|ly selected fromnitrogen, oxygen, or
sul fur, 6-10- rren%?gF'ég%am‘tf‘P&?P’ BYEG: ﬂfewlf@fr ngﬁ’éet"é‘?ef?graw’ %gvkon@e%g%ed
het er oat ons i ndepeneettaying @lsarteeshidniindpeided@eRlecRd ¥i@ai hitréden Sdklybet, or
each occurrence o% R4d is I ndependently hydrogen or an optionally
substituted froni"S*0- menbered cycl oal i phatic, 4-10-menbered heterocyclyl
havi ng 1-5 het er oat ong, iinge@EnNRAt Whersif| RCiseBydrégem ¢t il ogedhallPXubstitutedOIC,.
sul fur, 6-10-nenbered aryl, or 5-10-nenbered heteroaryl having 1-5
het er oat ons indeﬁ@ﬂ@&ﬁtly sel ected fromnitrogen, oxygen, or sulfur;
each occurrence of R4Y,ist,Nndependently hydrogen or an optionally
substituted Cl _ 6aliphatic group; and
m
g %

n(R4) \/—ﬂm n(R4) N
0 N— ) : \/ -

4
CY is , m or n(FY)

wherein each occurrence of R* is independently—R‘“’ or -T,-R*, wherein:

each occurrence of R*, as valency and stability permit, is independently fluorine,
=0, =S, -CN, -NO,, -R*, -N(R®),, -OR®, -SR*, -S(O);R*, -C(O)R*, -C(O)OR™, -
CONR™),, -S(O)N(R™);, -OCONR®),, -NR*)C(O)R®, -NR*)SOR*, -
N(R*)C(O)OR™, -N(R*)C(O)N(R™),, or -N(R*)SO,N(R*),, or two occurrences of R*,
taken together with a nitrogen atom to which they are bound, form an optionally
substituted 4-7-membered heterocyclyl ring having 0-1 additional heteroatoms selected
from nitrogen, oxygen, or sulfur;

each occurrence of R* is independently hydrogen or an optionally substituted
group selected from C,.Cs aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms

independently selected from nitrogen, oxygen, or sulfur;



Tl is an optionally substituted Cl_C6 al kyl ene chain wherein the al kyl ene
chain optionally is interrupted by -N(R4a) - , - S, 5(0)-, -5(0)2-,
-C(0)-, -VeO@p@/154HC(0) N(R4a) -, -S(0)2N(Rda)-, -0C(0) N RrkYAIS2008i0036¢ O) - ,
-N(e) S02-, -N(R4a)C(0)0-, -NR 4a C(0)N(R4a)-, -N(R4a)S(0)2N(R4a)-, -0C((0)-
-C(O)N(R4a)-0- or wherein Tl or a portion thereof optionally forns part
of an optionally substituted 3-7 nenbered cycl oaliphatic or heterocyclyl
ring; nis 0-6; mis 1 or 2; pis 0, 1, or 2; - represents a single or
doubl e bond; and provided that the corrpound of for mula | is other than
Mor phol i ne, 445- (4, 5-di hen 1- 1H- a iq nyll- 0009] 2.
Conpounds and Defi ni t$%6 ECC“%/IB‘EYEGT '(S‘é"rPGEdeB y?‘h?fg“’f‘ ftihied $RYR 3¢ Cfeﬂose

descri bed gener agrdry Cf. QEalfpﬁithUB-&OJm@bﬁkéﬁ,cy@MpﬁitE 4-00nleaiberet Ihasfobﬁﬂﬁqtahygt he
cl asses, subcl asses, and species djscl osed herein. As used |guer é}
fol I owi ng defi ni t-p Befgroatams F“dﬁlﬁfﬁ‘fiﬁnqﬁff"@%‘% PR AR OFHRIP A 5] ?é f‘f]“ﬂ%red

descri bed herei mrylcompPRREmbaEd hdigrohfMeRing QDS KERfodiemORBEfRARINY seidthatfidnit ed
with one or nore substituents, such as are illustrated generally above, or

as exenplified b‘}}"?féf‘t‘?"c—‘,/&?“aff’r%‘llaéses subcl asses, and species of the

invention. It wll beeaalpséc@ﬁb&%dlzt‘dh@md&daﬁddahy Agdogendk hiPBtloni1ySubsiiiedit ed”
I s used interchangeably with the phrase "substit ut ed or unsupstituted.” In

general , the terﬁ‘r‘?médeﬂ‘?“flﬁfe@d’yd"%ﬁi’é‘?%f‘ IBmeseheed hetgrackdykhayigg 1opt i onal | y"
or not, means t hatercatdhih@Peidchay idéttedFont MBoLASHGB&, 8Fsult, &t 10-mémbered

aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;
each occurrence of R* is independently hydrogen or an optionally substituted C;.
¢ aliphatic group; and
T, is an optionally substituted C,.Cg alkylene chain wherein the alkylene chain
optionally is interrupted by -N(R*)-, -O-, -S-, -S(0)-, -S(0),-, -C(0)-, -C(0)O-,
-C(O)N(R*)-, -S(0),N(R*)-, -OC(O)NR*)-, -N(R*)C(0)-, -N(R*)SO;-,
NR*)C(0)0-, -NR* C(O)NR*)-, -N(R*)S(0),NR*)-, -OC(O)-, or -C(O)N(R*)-O- or
wherein T or a portion thereof optionally forms part of an optionally substituted 3-7
membered cycloaliphatic or heterocyclyl ring;
n is 0-6;
mis 1or2;

pis0,1,o0r2;

------ represents a single or double bond; and
provided that the compound of formula I is other than Morpholine, 4-[5-(4,5-diphenyl-1H-imidazol-2-yl)-
2-thienyl]-.

[0009] 2. Compounds and Definitions:

[0010] Compounds of this invention include those described generally for formula I above, and are
further illustrated by the classes, subclasses, and species disclosed herein. As used herein, the following
definitions shall apply unless otherwise indicated.

[0011] As described herein, compounds of the invention may be optionally substituted with one or
more substituents, such as are illustrated generally above, or as exemplified by particular classes,
subclasses, and species of the invention. It will be appreciated that the phrase “optionally substituted” is
used interchangeably with the phrase “substituted or unsubstituted.” In general, the term “substituted”,

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



is replaced with the radical of a specified substituent, provided that the
substitution results in a stable or chemcally feasible conpound. The term
"subst it wwekb@’is4mhen used in reference to a desi gnat edprararspooamesss? t hat
attached to the atomis a hydrogen radi cal, which hydrogen atom can be
replaced with the radical of a suitable substituent. Unless otherw se

i ndi cated, an "optionally substituted" group may have a substituent at each
substitutabl e position of the group, and when nore than one position in any
given structure may be substituted with nore than one substituent selected

froma specified grou he sybstituent na her the sa or different
at eve? V%E&f{ W‘bﬁ*% r&%&f}ﬁmeﬁ}f@dav bsiiysRt prxlsr-ﬂe ﬁ% §susEiEen Y fSHrgstafb[e or

i nventdhemicallyefepNilié esmpdund! Mas &erﬁlhaabstlmlet Wﬁ'ent Lksed frOfefeRérico o @fies.’ignaféh&tdhﬁ,
chem cal l y feasipble conmpounds. [.0012] A st al ound or chem cal | Yi

f easi upeém% tpakedite thn omsmyéfpge%éad&%m | ISGEiEgR ARPLCnDe gplaced With the

subst aaaltaabf ¥ sullable rsﬁnsénweﬁxn U@k ofbervisd RATRAER tabl @ptfohﬁxm B Sthted’ 8Q6uf Maphandt
+400, in ,the absence of npjsture or other chemically reactive .conditions,
for at®jubsidyenkaagh, subfitutable GRpbemal RisePnid n‘t’%’ﬁ"rf%"rF than; Gpe HGFIFion iy 3y given
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feaS|UPFPPV‘&re met. [0014] As used herein, the term"independently
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aryl and heteroaryl rings. [0016] As used herein, the term"aromatic"
i ncl ucgsalaffpm enedorbe masmym nymberpel sbstieenty P‘lﬁé‘éleg‘@ﬁ@r an [the penkep, of qyailable

her ei nyon&ilP direh -Bf'@vuie@rtl'iﬂt tfel abBBoh &itioY of s@“h%ﬁ'cﬁerﬁEQlf&swbllgﬁaﬂé%?e@ herein,
means an opti onal % substituted straight-chain or branched Cl_12
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(also referre |n as ocycl e cycloal 1 phatic", "cycloal kyl"

or "cylé0bHl keAyIUS§d hd?gn & afphenbesed satiyhted, aiartpﬂmtunmngatgmps dreradtigdigonocyclic’
optio I 0
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[0018] The term "a use ne or a larger  nolety,
an opt08hal | y As ulsed |htat¢ﬁrecthstt¢xm Girbmetic’binalud¢se eryt land mehmndcapmnasgd@upbed

havi n 1 1-6, 1-4, 1-3, or 1-2 carbon atons. 7 [0019] The
termg%ﬁ?f}lﬁilfeibw%geémgq one or as part of a larger noiety, refers to an

opti orf@013] sulibé kermt ‘@tiplsitic’abg Mhphmncbgraun: hed umldaierenhydafaocam bptiongHp upbshaxvddng

2; r Lgﬁ% 31[g§t rfg]am%lfl l?)ranchegrtq na}xy rocar on %r a cyghc Ciz I%I'y%’rocarboh W%IC% is completoly saturated
or which contains one or more units of unsaturation, but which is not aromatic (also referred to herein as
“carbocycle”, “cycloaliphatic”, “cycloalkyl”, or ‘“cycloalkenyl”). For example, suitable aliphatic groups
include optionally substituted linear, branched or cyclic alkyl, alkenyl, alkynyl groups and hybrids
thereof, such as (cycloalkyl)alkyl, (cycloalkenyl)alkyl, or (cycloalkyl)alkenyl. Unless otherwise specified,
in various embodiments, aliphatic groups have 1-12, 1-10, 1-8, 1-6, 14, 1-3, or 1-2 carbon atoms.
[0018] The term “alkyl”, used alone or as part of a larger moiety, refers to an optionally substituted

straight or branched chain hydrocarbon group having 1-12, 1-10, 1-8, 1-6, 14, 1-3, or 1-2 carbon

atoms.



[ 0020] The term "al kynyl ", used alone or as part of a |larger noiety, refers
to an optionally substituted straight or branched chai n hydrocarbon group
havi ng atwbea®iiserse tri pl e bond and having 2-12, 2-10, 2¢8;US2008/00347 or 2-3
carbon atons. [0021] The terns "cycl oali phatic", "carbocycle",

"carbocyclyl", "carbocyclo", or "carbocyclic", used alone or as part of a

| arger noiety, refer to an optionally substituted saturated or partially
unsaturated cyclic aliphatic ring systemhaving from3 to about 14 ring
carbon atonms. In sonme enbodi ments, the cycloaliphatic group is an
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(i ncl ugi f nitrogen, sulfur, phosphorus, or silicon;
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[0024] The terms “haloaliphatic”, “haloalkyl”, “haloalkenyl” and “haloalkoxy” refer to an aliphatic,
alkyl, alkeny! or alkoxy group, as the case may be, which is substituted with one or more halogen atoms.
As used herein, the term “halogen” or “halo” means F, Cl, Br, or I. The term "fluoroaliphatic" refers to a
haloaliphatic wherein the halogen is fluoro, including perfluorinated aliphatic groups. Examples of
fluoroaliphatic groups include, without limitation, fluoromethyl, difluoromethyl, trifluoromethyl, 2-
fluoroethyl, 2,2,2-trifluoroethyl, 1,1,2-trifluoroethyl, 1,2,2-trifluoroethyl, and pentafluoroethyl.

[0025] The term “‘heteroatom” refers to one or more of oxygen, sulfur, nitrogen, phosphorus, or
silicon (including, any oxidized form of nitrogen, sulfur, phosphorus, or silicon; the quaternized form of
any basic nitrogen or; a substitutable nitrogen of a heterocyclic ring, for example N (as in 3,4-dihydro-
2H-pyrrolyl), NH (as in pyrrolidinyl) or NR* (as in N-substituted pyrrolidinyl)).

[0026] The terms “aryl” and “ar-”, used alone or as part of a larger moiety, e.g., “aralkyl”,

“aralkoxy”, or “aryloxyalkyl”, refer to an optionally substituted Cgj4aromatic hydrocarbon moiety



8 conprising one to three aromatic rings. Preferably, the aryl group is a
Co_waryl group. Aryl groups include, without limtation, optionally
substi t utwo 2péversyi4l napht hyl, or anthracenyl. The ter nsPCaruskiooansbo? at - ",
as used herein, also include groups i® which an aryl ring is fused to one
or nore cycloaliphatic rings to forman optionally substituted cyclic
structure such as a tetrahydronaphthyl, indenyl, or indanyl ring. The term
"aryl" may be used interchangeably with the terns "aryI group", "aryl
ring", and "aromatic ring". [0027] An "aral kyl" or aryIaIkyI group
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het er ocycl yI aI kyl" refers to an aI kyI group substi tut ed by a heterocyclyl,
wherein the al kyl and heterocyclyl portions independently are optionally
substituted. Additionally, a heterocyclic ring also includes groups in
which the heterocyclic ring is fused to one or nore aryl rings. [0031]As
used here| n, the term part| aIIy unsaturated refers to a ring noi ety that
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[0032] The term "al kyl ene" refers to a bivalent alkyl group. An "al kyl ene
chain" is a polynethylene group, i.e., -(CH2).-, wherein n is a positive

i nt eger, Wwoebevaley froml to 6, froml to 4, from 1l toP8T/USe@00360D 2, or
from2 to 3. An optionally substitute#l al kyl ene chain is a pol ynet hyl ene
group in which one or nore nethyl ene hydrogen atons is optionally repl aced
Wi th a substituent. Suitable substituents include those described bel ow for
a substituted aliphatic group and al so include those described in the
specification herein. It will be appreciated that two substituents of the
al kyl ene group may he taken together to forma rin In certai
enbod|‘ﬁ‘éﬁ‘g]§ in @ FURITH OF PRI Wsartedding bR PotyRatH OB R BT 2 G
ring. Ghrcse sl fikkRah S1ag 8B NIEs B 4-BihySa - Syrrol1f, NeT @Btn @froMBinyh 49 383 *A8s in
al kyl ene chain al so can be optlonally interrupted by a functional group. An
aIkyIGNéMEWHFHPW§quﬂkHrupted by a functional group when an internal
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"interrupting functional groups"” are described in the specification and
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readi nigirawdrotienylopigaridingl: %qcafey@fqau@oilwlmm%h@lnﬂ \Paper gk @eﬁ@& sdioxgigy 8] An

aryl (dingh 1Hﬂ BehzASiAN kmhazeﬁﬁﬁl KB olid/i,Ydra X As¥ho Rkl tmedefo%ﬁanylogromﬁhﬁp%r yl
(i ncludi ng het eroaral u%g d heteroaryl al koxy and the Iike) group
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substituents on the unsaturated carbon atom of "an aryl het er oaryl ™ group
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may those descrlbed below for a substituted aliphatic group and also include those described in the
specification herein. It will be appreciated that two substituents of the alkylene group may be taken
together to form a ring system. In certain embodiments, two substituents can be taken together to form a
3-7-membered ring. The substituents can be on the same or different atoms.
[0033] An alkylene chain also can be optionally interrupted by a functional group. An alkylene chain
is "interrupted” by a functional group when an internal methylene unit is interrupted by the functional
group. Examples of suitable "interrupting functional groups" are described in the specification and claims
herein.
[0034] For purposes of clarity, all bivalent groups described herein, including, e.g., the alkylene
chain linkers described above, are intended to be read from left to right, with a corresponding left-to-right
reading of the formula or structure in which the variable appears.
[0035] An aryl (including aralkyl, aralkoxy, aryloxyalkyl and the like) or heteroaryl (including
heteroaralkyl and heteroarylalkoxy and the like) group may contain one or more substituents and thus

may be “optionally substituted”. In addition to the substituents defined above and herein, suitable



contain one or nore substituents and thus may be "optionally substituted".
Unl ess ot herw se defined above and herein, suitable substituents on the

sat ur at edwoantyars4mfi an al i phati c or heteroaliphatic gro®rpT/use009f 003607
non-aromati ¢ carbocyclic or heterocycltic ring are selected fromthose

| i sted above for the unsaturated carbon of an aryl or heteroaryl group and
additionally include the followi ng: =0, =S, =C(R*)2, =NN(R*)2, =NOR*

=N- NHC( 0) R*, =N NHCO2R =N- NHSO2R or =NR* where R is defi ned above, and each
R is independently selected from hydrogen or an optionally substituted Cl4
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si m | aFGNRORed- I‘i’(ﬁ )rlﬂ@ HpetENRANGH)-QRd BHO&e t FKAHORD:,
t oget heypthIor*t he r-Pt(D‘)*(ﬁRV)QWRﬂE RS R Qnde ?&r&ﬁt S}Iﬂlxe%aa% & &r il SpYibhdI§

ring sel ected from 3-13-nenbered cycloalip
het er ceheitued gliphatie 2o H@?’@P"(Xht allﬂ&é&eﬁaéwtqrgﬁygl& &Eed GFr‘()‘fﬂ Afdepgent,

OXY genhcchtfendedlof R areGakef 10gHE LAH t&imhteweﬁméaéﬁmmﬁﬁq obﬁ&ﬁnp arb\élnut&a\smg
1-5 heter oatoms i ndependent |y selected fromnitrogen gen, or sulfu

[ 0039]EsRRsFdadyl: heigtparyd HaeloahiRhatic qrehgtep@raelyk Woe-i ngnesem opfqually é%&%lteéf

R+ (oralipfitic OdriiChetdtdry 2B foafipiikik 2t h¥tefbBIdINgbupn t he specification and clains
her ei are taken together with their intervening atom(s) include, but are

n
not [)Hp%@d t énaliphatis jor Beipragliphatic graup, iond epeagBrtc eskisyelisE betergEyqlis ringmayny
ot her contaPredR Bore| sUbdtdlehd ﬂ.@fthﬁkeﬁaﬁ Be LBRiARGE bltsG@lel® rUnQEss QJﬂ?chU’ée REfiRIan)

that are bound to the same atom and are taken together with that atomto
f or m e2bpyaryd hewsin, esiahigisebstinents ¢ she sapyeated dgaion obew dinhaticcardietsfoaliphagie gravakem

t oget hgt, nW) Lidnlhie cﬂb&c@@lg:e& h@k%(@lg rfn%rafg R1eBlel Bohdhdke skl abdk RGRZMathra¥d:

or norpholin-4-yl group; and b) two i'ndependent occurrences of |le (or any

ot her cpehon bjap agylmr| f&rqr‘gﬂrﬂﬁrplneélﬂq pdditipmallyy ineludp dbg fblawing: e0ai=frs =REx8i. iHN-
t hat "N(%*?OUNQ')IQ’O -‘N Ni@é?m* a@@ﬁﬁ(ﬁﬂﬂ" aNQ\HIIﬁKZQﬁ or %«ekhewrhef’é" Iﬁ“hlsbﬁ}‘h'edoibon/g'ose

atons to forma ring for exanpl'e where a phenyl group is substituted
with tanecsddirip gﬁe@gdqﬁly extecigd{rom hydyagea of g optionally substituted C,.¢ aliphatic group.

[0037] In addition to the substituents defined above and herein, optional substituents on the nitrogen
of a non-aromatic heterocyclic ring also include and are generally selected from —-R*, -N(R*),, -C(O)R",
-C(O)OR', -C(O)C(O)R", -C(O)CH,C(O)R", -S(O);R*, -S(0);N(R*"),, -C(S)N(R"),, -C(=NH)-N(R"),, or
-N(RHS(0),R*; wherein each R* is defined above. A ring nitrogen atom of a heteroaryl or non-aromatic
heterocyclic ring also may be oxidized to form the corresponding N-hydroxy or N-oxide compound. A
nonlimiting example of such a heteroaryl having an oxidized ring nitrogen atom is N-oxidopyridyl.

[0038] As detailed above, in some embodiments, two independent occurrences of R* (or any other
variable similarly defined in the specification and claims herein), are taken together with their intervening
atom(s) to form a monocyclic or bicyclic ring selected from 3-13-membered cycloaliphatic, 3-12-
membered heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur,
6—-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur.

[0039] Exemplary rings that are formed when two independent occurrences of R* (or any other
variable similarly defined in the specification and claims herein), are taken together with their intervening

atom(s) include, but are not limited to the following: a) two independent occurrences of R* (or any other



occurrences of 12+ are taken together with the oxygen atons to which they
are bound to forma fused 60 n) nenbered oxygen containing ring: \-. It
will be apprewviatmd that a variety of other rings (e.g. pCypiseamansbobri dged
rings) can be fornmed when two i ndependent occurrences of le (or any other
variable simlarly defined in the specification and clains herein) are
taken together with their intervening aton(s) and that the exanples
detail ed above are not intended to be Iimting. [0040] Unl ess ot herw se
stated, structures depicted herein are also meant to include all isoneric
(e.g., enantio di astereqneric, eonetric (or conformational
forns Y?F‘a‘flﬁé‘“%'?ﬁf é‘tf’li‘F%"‘ T"Srspﬁ'é‘&égfﬁ‘b‘l"b‘“ ‘H‘é‘s TSRy that HS&?PE"@’JP&‘P? BRE FYgp 2 %\%'ﬁ
asy mMefakdnGoge @Bt With thaatord Reifol)a rd@ui@l' exahmu;l N(ROJT®h&re bBihthcbuirendddf REhre taken
confornatlonal i somers. Therefore, Hgle st ereochem cal |soners as well as

enant i Ocher With dheitrogen giom iocffmaﬁalpge@ oY RIPYrERn-drhiop ROy BFURY YR of

the pr %Qﬁﬁep&ﬁ&ﬂ%b'&ﬁ&n@:rs Sf R (dtially b{h@r vdriaple sﬁ’fﬁllafrl?| @eﬁxﬂ:\dﬂﬂ 'EHeQBemmtl@rs &r claims
ot herw se st at ed tautomeric forns of the conpounds of the invention

are wi BRI thag éresttS’B‘Efb‘Od’f‘ff?rﬁ@ Mg antakeafagthes r\ivaqh|f39th efrthese atagisHe fofmsg ring.
stated, structures depicted herein are also nmeant to inclu pgpounds t hat
differ only in the presence of one or nore isotopically e ed atons. For
exanpl e, compounds havi ng the present structures except Lﬂffﬂﬂ Leplacenent
of hydioogampleywheeut phiehyl graup it mbtmumd with twdeccnegicece 't %f a c§r bothedptwa
13C or. 14C—enfhp qagarbo ane., th|n tqe S O&Fw f this |ng§ h%%fus%QP
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¥ee
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oo ST AT 02y S G BRI LB Sy e
9 9 9 0 99%
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o ooy pOsACe el BRI UL ke s 1ty B30 4 BL e
cryst alelgi, zapitiomeri¢, odlnmrﬁtmnero;t aglil sgspmeteioi (90 wemfpnnaﬁlenamafomepf dhe Gmlllrexéqr
o AP ROPE gl P TBLE w1 44 5 00 o
enant i @rend @p@emfbnmtipéaigmers f Brerefsranyingle etaneyehgmical somensiap iwsHtas gnantiomeric,
a7oni ¢ kot B fRoRRE R T8 BAITRRRoM RofliL 8 18 e il Ohe SHATPIE O
pr esenssepeotf the invention. Yolesseatherwish statedt diletavienenietpronafthe opmpounds efghey ayvertipn
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e HEWHH RIESLER Lty MR 8 RPORELIER BLRL BB RAcL
form 9¥a meantito welhde canppovndsi thatedifern dndyrisy he peeperise of ym pemprecigotpgicalyyarrehedi ¢
synt he
ol vorgas 5 Bnll LRl e B et S B Elof e U o nflrogen by
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m xt ur®sysf di asteroners, mxtures of diasteroneric pairs, mxtures of
O SSL SRR W S04 Do 5o A3 SR PRUMAIRS MELALLY Byl Ok PEcRi e
di ast eme&smsnveothnaencomasem onelrantiogientf nbibitor frbfefroltnhbqr calfeapnding iptiedl gsomer,
Bgzigi% IM¥§¥f®g rngibic@herr &ﬂﬁ é?ggﬁgrs or u@?%f%gﬁg??%ﬁ%%ﬁ#%@?ﬁr?he
m xt urepticd isomer. G’W@d aw'ntxrure iseﬁndelpndon eue cnanmsfleerrdmtc\@doahsasttl@l somers, the mixture
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in the art, for example by formation of diastereoisomeric salts which may be separated, for example, by



[ 0044] The di astereoi soneric pairs may be separated by nethods known to
those skilled in the art, for exanple chromatography or crystallization and
t he i ndi wouaés/eswamt i omers within each pair may be separatras2@s/oMssTri bed
above. Specific procedures for chromakographically separating
di astereoneric pairs of precursors used in the preparation of conpounds
di scl osed herein are provided the exanples herein. [0045]3. Description of
Exenpl ary Conpounds: [0046]1n certain enbodi nents, for conpounds of general
formula |, one or nore substituents are selected from (a) Ylis S
QIO AN T MU I M B DT
i ndepedxdmpleybys ey aslliadioh @QLIr QORMId EreYgRBgragty; S81bdtiVE ireaction of ore€gnaftidnfer
-2; or. f 4 1s-1244, 13 [0047]1n sone enpbodi ments, a conpound of
f or nmul With ap §n?r§’ﬁF§§'W@ﬂ 159genmfor example énzymatic esterification; or gas-liquid or liquid
chromatography in a chiral environment, for example on a chiral support for example silica with a bound
chiral ligand or in the presence of a chiral solvent. Where the desired enantiomer is converted into
another chemical entity by one of the separation procedures described above, a further step is required to
liberate the desired enantiomeric form. Altemnatively, specific enantiomers may be synthesized by
asymmetric synthesis using optically active reagents, substrates, catalysts or solvents, or by converting
one enantiomer into the other by asymmetric transformation.
[0043] When a disclosed compound has at least two chiral centers, the present invention
encompasses a diastereomer free of other diastereomers, a pair of diastereomers free from other
diasteromeric pairs, mixtures of diasteromers, mixtures of diasteromeric pairs, mixtures of diasteromers in
which one diastereomer is enriched relative to the other diastereomer(s) and mixtures of diasteromeric
pairs in which one diastereomeric pair is enriched relative to the other diastereomeric pair(s). When a
mixture is enriched in one diastereomer or diastereomeric pair(s) relative to the other diastereomers or
diastereomeric pair(s), the mixture is enriched with the depicted or referenced diastereomer or
diastereomeric pair(s) relative to other diastereomers or diastereomeric pair(s) for the compound, for
example, by a molar excess of at least 50%, 75%, 90%, 95%, 99% or 99.5%.
[0044] The diastereoisomeric pairs may be separated by methods known to those skilled in the art,
fdr example chromatography or crystallization and the individual enantiomers within each pair may be
separated as described above. Specific procedures for chromatographically separating diastereomeric
pairs of precursors used in the preparation of compounds disclosed herein are provided the examples
herein.
[0045] 3. Description of Exemplary Compounds:
[0046] In certain embodiments, for compounds of general formula I, one or more substituents are
selected from:
(@) Y,isS;
®) Y,isC
(c) R'isCNor H;
(d) R%is an optionally substituted 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5
heteroatoms independntly selected from nitrogen, oxygen, or sulfur;
(e) nis 0-2; or

() R*is—R*.



|-Al-BlI-C |-DI-E In yet other enbodinents, R' is a 3-10-nenbered

cycl oal i phatic, 4-10-nmenbered heterocyclyl having 1-5 heteroat ons

i ndependewol2g09¢shet ed from ni trogen, oxygen, or sulfur PETAG2emems0Ed aryl ,
or 5-10- menbered heteroaryl having 1835 heteroatons i ndependently sel ected
fromnitrogen, oxygen, or sulfur, optionally substituted with 1-4

i ndependent occurrences of RO, wherein RO is-R9, -T2-R9", or -V2-T2-R9d,
and: each occurrence of R9a is independently hal ogen, -CN, -NQ2,

-R9", -N(R9b)2, - OROb, -SR9", -S(0)2R -C(0)ROb, -C(0)OR91', -C(0)N(R9Db)2,
-S(0) 2N(R9b) 2, - OC(0) N(R9b) 2, -N(129 )C(0)R9b, -N(R9e)S02R9",

- N( RodPP48) oRbsomergiRodyrents) agamensyad of fprmulg b iy seppasemerh>. or two occurrences
of R9b, taken together with a nitrggen atomto which theygare bound, form
an optionally substituted 4-7-menbeyed heterocyclyl ring ﬁ vin

addi ti onal het®roatons selected frqg 'FTogen, oxygen, or
each occurrencg_of R8b is indepe nt|y hydr ogen or aoy I ofjal 'y
substi t ut uplsel ected fromdC i pRatic, 3-10-nenb

] _—N
cycl oaliphatic 10- nenber ed heterocyclyl Reig 1-5 heteroat ofis 'N
\f rom ni trogen, , or sulfur, 6-10- red

i ndependent |y SIS

aryl, or 5-10-nenbg ggoHeteroaryI havi ng 1-% het er oat ons i ndependant |y

sel ected fromnitroge oxygen, or sulfur; R14 each occurrerfte of e
i s independently an optionally substituted group selected fromGro

al i phatic, 3-10-nmenbered cycl oaliphatic, 4-10-nmenbered heterocyclyl having
1-5 heteroatons I-Adependently sel ect @B from ni trogen, oxygemCor sulfur

6- 10- mrenbered aryl, or 3%-10-nenbered heteroaryl having 1-5 heteroatons

i ndependently sel ected from nitrogen, oxygen, or sulfur; each
occurrence of RAd is in
from 3- 10- menber ed g R, 4-10- nenber
het er oat ons i ndependent ed fromnitro
6- 10- nenbered aryl, or 5-10- g ed het eFPdar
i ndependent |y sel ected froanLQ(ogen, oxygen,

d hegerocyclyl having 1-5
oxygge, or sulfur,
ving/ 1-5 het er oat ons

RG
R® , or

I-D I-E

In yet other embodiments, R? is a 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur 6-10-membered aryl, or 5-10-
membered heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur,
optionally substituted with 1-4 independent occurrences of R, wherein R® is-R*, -T,-R%, or -V,-T,-R*,
and:
each occurrence of R* is independently halogen, -CN, -NQO,, -R*, -N(R%)z, -
OR®, -SR*, -S(O)R*, -C(O)R™, -C(O)OR®, -C(ONR™), -S(O)NR™),, -
OC(O)NR™),, -N(R*)C(O)R”, -N(R*)SO,R*, -N(R*)C(O)OR™, -N(R*)C(O)N(R™),,
or -N(R*)SO,N(R*®),, or two occurrences of R*, taken together with a nitrogen atom to
which they are bound, form an optionally substituted 4-7-membered heterocyclyl ring
having 0-1 additional heteroatoms selected from nitrogen, oxygen, or sulfur;
each occurrence of R” is independently hydrogen or an optionally substituted
group selected from C,.Cy aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms

independently selected from nitrogen, oxygen, or sulfur;



each occurrence of R9e is independently hydrogen or an optionally

substituted Cl. 6aliphatic group; each occurrence of V2 is independently

-N(R9e) - ,woQ009/158H41 -5(0)-, S(0)2-, -C(0)-, -C(0)0-, -ECo)UeIR9H3607

-S(0) 2N(R9e) -, -0C(O0)N(R9e)-, -N(R9e)®(0)-, N(R9e)S02-, -N(R9e)C(0)0-, -N

ROt (0) N(R9e) -, -N(R9e) SO2N(R9e)-, -0C(0)-, or C(O)N(R9e)-0-; and

T2 is an optionally substituted Cro al kyl ene chain wherein the al kyl ene

chain optionally is interrupted by -N(R7a)-, -0-, -S, -5(0)-, -5(0)2-,

-C(0)-, -C(0)0-, -C(O)N(R7")-, -S(0)2N(R75-, -0C(0O)N(R7a)-, -N(R7a)C(0)-

-N(R7a) S02-, N(RM C(0)0-, -NR c(PLN R7 (Q)2N(R77-, -0C(0)-, or
- C(0) N(R75-0- or \Aher“é‘FmoePB”‘c’)‘FezSgEor‘i H“S‘F{)e?‘f‘?@%'t‘ﬁ%‘ﬁ{‘%‘ rfaéﬁtgz"t?do?ﬁlép %%ﬁed

an optionall'y suhﬁﬁCtggae;ghﬁrJanw&d@yam@hmahaana) hefibefR@ heEREY T hhvifig NQ.

[0048] In still other enbodinents, YL is S, Y2 is C and the ound is

represented by flo? Rtifraatpms "ﬁrﬂpenfi?mlwsleft%fb&@m PHroge: oBHERRrOT SHEBH- HEREEIORS | s

an optionally supgtbisiiefedbdiBd RREBAYBthviRY Ql Ditkdrdtisthd idepéndently selected from

nitrogen, oxygen, or sulfur;

each occurrence of R™ is independently hydrogen or an optionally substituted
from 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5
heteroatoms independentl); selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

each occurrence of R* is independently hydrogen or an optionally substituted C;.
e aliphatic group;

each occurrence of V, is independently -N(R%)-, -O-, -S-, -S(0)-,
-5(0)z-, -C(0)-, -C(0)O-, -C(OINR™)-, -S(0)N(R™)-, -OC(O)N(R™)-, -N(R*)C(O)-,
-N(R*)S0,-, -NR*)C(0)0-, -N R*C(O)NR*)-, -N(R*)SO,N(R*)-, -OC(0)-, or
-C(O)N(R™)-O-; and

T, is an optionally substituted C,.Cs alkylene chain wherein the alkylene chain
optionally is interrupted by -NR™-, -0-, -S-, -S$(0)-, -5(0),-, -C(0)-, -C(0)O-,
-C(O)N(R™)-, -S(0),N(R™)-, -OC(O)N(R™*)-, -N(R™)C(O)-, -N(R™)SO,-,
-N(R™C(0)0-, -NR™ C(O)NR™)-, -N(R")S(0),N(R™)-, -OC(0)-, or -C(O)N(R™)-O- or
wherein T; or a portion thereof optionally forms part of an optionally substituted 3-7

membered cycloaliphatic or heterocyclyl ring.

[0048] In still other embodiments, Y, is S, Y, is C and the compound is represented by formula II:

R1
R2
g ~< |
NTARS
(R%)n N\
HN\X/;Xz
11

wherein R' is CN or H.



10- menber ed heterocyclyl having 1-5 heteroatons independently selected from
ni trogen, oxygen, or sulfur, 6-10-nmenbered aryl, or 5-10-nenbered
het er oar yWohnaw/13g741- 5 het er oat ons i ndependent|y sel ect e#Crusenmiovisoyen,

oxygen, or sulfur; nis 0-2; and R4 i®-R4'. [0050]1In still other
enbodi nents, a conpound of formula | is represented by: I1-Bll-C
[1-DII-E [0051]In still other enbodi nents, for conpounds described directly

above, R2 is a 3-10-nenbered cycl oaliphatic, 4-10-nenbered heterocyclyl
having 1-5 heteroatons i ndependently sel ected from nitrogen, oxygen or
sul fur_6-10-menbered ar or 5-10-nenbered heteroaryl havi

|, n
het er d3%4Hs | HupeHee ﬁ’f‘gﬂﬁl@%‘}%& dtl 2f PRYAmAllY Fibgented éxl;Qg@?fnb%?dg %I%mhanc 4-
opt i Orl@ldméfnb%%slﬁétérbﬁy@gl wl% (E ﬁheta@@@ﬁ@dﬁ&beﬂa@ﬁw $eRREASH&h rﬂ%gemh&(y@w dr9

i s-R9, -T2-Rad, v each occurrence of

i ndepeHtigne-11)-meambsigd Aryl..ook; 10- mmberedﬂ%m&rmﬁz%; b5 hetergrippns IU@RQ@C“UW‘EI’{QC
- C( 0) R nitrlke) HF2bn. or G N(ROb) 2, - S(0) 2N(R9b) 2, - OC(0) N(R91) 2,

- N( RO0) C( 0) -N Rée S02R9°, -N(R9e)C(0)0R91', -N(R9)C(0)N(R91')2, or

-N(R9e)SOZN($@6§ d or two occurrences of R91', taken together with a

ni trogen atmire:

[0050] In still other embodiments, a compound of formula I is represented by:
R! R'
i /\ i /\ i
2 o N— | o N— |
/ \ 74 |/ S N |/ S
' I 4 - R6 |4 = \N
4
(R HN~ ke ke
II-A 11I-B 11I-C
R1
/—\ Rz R1
74 R® 2
o\_ N | I\ R
6
I:/ S =\, g N ] R
(Rn V/
RG , or HN\N
II-D II-E
[0051] In still other embodiments, for compounds described directly above, R? is a 3-10-membered

cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently selected from

nitrogen, oxygen, or sulfur 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms

independently selected from nitrogen, oxygen, or sulfur, optionally substituted with 1-4 independent
occurrences of R®, wherein R® is—R*, -T2-R9d, or —Vz-Tz-R%, and:

each occurrence of R* is independently halogen, -CN, -NO,, -R*, -N(R™),, -

OR™, -SR*, -S(O),R*, -C(O)R®, -C(O)OR®, -C(O)NR™), -S(0)NR™), -

OC(O)N(R™),, -N(R*)C(O)R®, -N(R*)SO,R*, -N(R*)C(O)OR™, -N(R*)C(O)N(R™),,

or —=N(R*)SO,N(R®"),, or two occurrences of R*, taken together with a nitrogen atom to



16 which they are bound, forman optionally substituted 4-7-nenbered

het erocyclyl ring having O0-1 additional heteroatons selected fromnitrogen,
oxygen, OwWO009%151741 each occurrence of ROb is i na#eparsdeadisohydr ogen
or an optionally substituted group seléected fromCl.C6 aliphatic,

3-10- nenber ed cycl oal i phatic, 4-10-nmenbered heterocyclyl having 1-5

het er oat ons i ndependently selected from nitrogen, oxygen, or sulfur,

6- 10- nenbered aryl, or 5-10-nenbered heteroaryl having 1-5 heteroatons

i ndependently sel ected from nitrogen, oxygen, or sulfur; each
occurrence of R9e is independently an optionally substltuted roup sel ected
from Cl . Ceal i phathigh thsy fre bwdefosy asyeptignally puhttiteed 4- 71@6%%49%%% Iyl ring

het erocycl yl hawaog b15adh@1bﬁma&fwﬁ>nis@sie&€m(ﬁ%lt%gaﬁbﬁ gdrishiqm ni trogen,
oxygen, or sulfur, % -menbered aryl, or 5-10-nmenbere het eroaryl havi ng

1-5 het er oat ons mde;féﬁ‘blé?ﬁurf?n@eqfé%t é‘d'“fi?R?ﬁﬁ‘er'i'ﬂt’rhd@'@ﬂen B §y epfionglly sypsityied

each occurrence RbuR3dedi FBFCLEOHaSHakc, V.46 ARGDRE BRIcARIHaAE 24 1¥-membered
substituted f roné?Su- 10-?7enberr ed gygl ](};alal & phati c ?10-%\2nb2¢ gd het ermgé:ny(e:rleyl

havi ng 1-5 het erhstresyelyl hryésehd distergatases| '@éftpéefiepﬂbﬁ?‘?ﬁt%dr Bg®ritrege) gty gt or

sul fur, 6-10- merg,ed- ﬁf Bﬁlembé}éd 0o BITRR reRbAIEd GleRAsaW1 RAYIgN- 51h¢',5teroatoms
heteroatom; i ndependently sel ected from nitrogen, oxygen, or sul

each occurrence iBfeprmigntysseiesied Hortutiese). Hyaodieshlfee an opti onal | y

bstituted Cl. 6a| chrréHc 5 o I
su ( st :a) fj, 95 Ie}atl%d GrréH, ;HPR %aﬁéicb(pe&;eﬁwmgﬁ Qiny\éxét(,gme%&q?@@@@a y
- S(0) 2N( R9e) -, fg@ @) @inthatxc N @;)I@(r@yr_ed cyq{mapg@)n 10 memppg)e@gyrg:yc yl kpving
R9eC(0) N(R9) -, -1 @&L§Q&Nﬁ%dently@g&éd frorﬂ Fntrog&p})%( € s@fur, MG membered

T2 is an opti onal | y substituted G ro al kyl ene chain erein the al kyI ene
chai n opti onal | yylsorintGememprredihaigroaryy *’Rﬁ‘f‘g I-5 heterggtomsipdgpendenty 8’)‘32“’ frogy ) -

-C(0) 0-, - C(0) N enoﬁ@nzw(sﬁm) -0C(0) N(R. 7") - -N(R?a)C(O)
-N(R2) S02-, -N(R7a) C( 0) - NR9a qu) N(117a)-, - N R7" ) S(0) 2N( Rr‘r)
or - C(0) N 129a) - 0- oreagihescarsncy of B isindepeadently bydsoaspor #heRtigRaly) syb%ﬂ&% part

of an optional | YrsmwB3bintdtitRd3ydodIBARR! @-dO%é‘ﬁlb@ﬁ:h'hEt'@ﬁ%y&lenrawhgtlgr ocyclyl
ring. [002]1n yet other enbodinents, R2 is a phenyl rouri)f substituted with
u

1-3 i ndependent hskE#amsipdepensenthaselgien from%rogewyg@mbs NOR§mgmberedygrg ' |

- SR9e, - S(0)2R9’ aryl; &(SOb(ﬂ%émberéﬂeQQrQ ]havmgq:(ﬂewrmgmde e§(eml Me‘g%ﬁ floga
-0C(0) N(R91") 2, -N(R9€)C(O)R91 - N(R9e) SO2 -N(R9e) C(0) 0O
- N( R9e) C( 0) N( ROB}OeBOxy SqnRIIeSHa N( Rob) 2:

each occurrence of R* is independently hydrogen or an optionally substituted C,.
¢ aliphatic group;

each occurrence of V, is independently —N(R9°)-, -O-, -S-, -S(0)-,
-S(0)z-, -C(0)-, -C(0)O-, -C(OIN(R™)-, -S(0),NR™)-, -OC(O)NR™)-, -NR*)C(0)-,
-N(R*)SO;-, -N(R*)C(0)O-, -N R*C(O)N(R*)-, -N(R*)SO,N(R*)-, -OC(0)-, or
-C(O)N(R*)-O-; and

T, is an optionally substituted C, C¢ alkylene chain wherein the alkylene chain
optionally is interrupted by -N(R™)-, -O-, -S-, -S(0)-, -S(0),-, -C(0)-, -C(0)O-,
-C(O)NR™)-, -S(0),N(R™)-, -OC(O)N(R™)-, -NR")C(0)-, -N(R™)SO»-,
-N(R™)C(0)0-, -NR™ C(O)N(R™)-, -N(R™)S(0),N(R™)-, -OC(O)-, or -C(O)N(R"*)-O- or
wherein T; or a portion thereof optionally forms part of an optionally substituted 3-7

membered cycloaliphatic or heterocyclyl ring.

[0052] In yet other embodiments, R? is a phenyl group substituted with 1-3 independent occurrences
of halogen, -CN, -NO,, -R*, -N(R*),, -OR”, -SR*, -S(0),R*, -C(O)R®, -C(O)OR”®, -C(O)N(R®),, -
S(0),N(R”),, -OC(O)N(R®),, -N(R*)C(O)R®, -N(R*)SO,R*, -N(R*)C(O)OR”, -N(R*)C(O)N(R™),,
or -N(R*)SO,N(R*),;



17 R3 i s hydrogen,
enbodi nent s,
occurr encwe 2009/13at40, Cl1. 3 al kyl
hal oal kyl ,

ot her

Chal ky] ,
R2 is a phenyl

- NHC( 0) C13 al kyl ,

or Cl4fl uoroal kyl ;

CN, Cil3hal oal kyl,
- NHC( 0) NMC13 al kyl ,

and nis O

NHS( 0) 2C13 al kyl ,

or

[ 0054] Tabl e 1 bel ow depicts certain exenplary conpounds of forrmula I:
1: Exenplary Conpounds of fornula I

4- (2, 4-di chl orophenyl) - 2- nor phol i n-4-y1-5-
414- (2, 4-di chl orophenyl)-5-(4H1,2,4-[4-(trifluoronethyl)-1Him dazol - 2-

triazol-3-Y Kdogen A28y Lo ELIRGRAR

[0053]
of halo, C,;alkyl, CN, C,shaloalkyl, -OC,_; alkyl, —OC,_; haloalkyl, -NHC(O)C, ; alkyl, -NHC(O)NHC, ;3
alkyl, NHS(0O),C,;.;alkyl, or -COH.

[0054]
Table 1: Exemplary Compounds of formula 1:

nisO.

Cl
Cl
N \ :
l/\N’QS ’N‘N
o HN-Y
1

4-[4-(2,4-dichlorophenyl)-5-(4H-1,2 4-
triazol-3-yl)-1,3-thiazol-2-ylJmorpholine

Cl
Cl
NC,
A LN,
S - N
O\_) HN-Y
“CH,
3

4-(2,4-dichlorophenyl)-2-[(2S)-2-
ethylmorpholin-4-yl}-5-(4H-1,2 4-triazol-3-
yl)thiophene-3-carbonitrile

hggﬁyl]thlophene-3-carbon|tr|

Table 1 below depicts certain exemplary compounds of formula I:

cl
cl
NG,
\
//\N / /N CF3
o/ S HN—y’

2

4-(2,4-dichlorophenyl)-2-morpholin-4-yl-5-
[4-(trifluoromethyl)-1H-imidazol-2-
yljthiophene-3-carbonitrile

Br
cl
NC
7\
NN
o J HN-Y
4

4-(4-bromo-2-chlorophenyl)-2-morpholin-4-
yl-5-(4H-1,2,4-triazol-3-yl)thiophene-3-
carbonitrile

e

[0053]1In still
group substituted with 1-3 i ndependent
- 0ClreTalske/00360TC13

- COH.
Tabl e

In still other embodiments, R? is a phenyl group substituted with 1-3 independent occurrences



4- (2, 4-di chl orophenyl)-2-[(2S)-2-4-(4-brono-2-chl orophenyl) - 2- nor phol i n- 4-
et hyl nor phol i n-4-y1]-5-(4H 1, 2, 4-triazol -3-y1-5-(4H 1, 2,4-triazol -3-yQ hi op
hene- 3- ywohoeplsere- 3- carbonitril ecarbonitrile 18 5 PCT/US2009/003607

4- (2, 4-di chl orophenyl)-2-(tetrahydro-111-

pyran-4-yl1)-5-(4H 1, 2, 4-tri azol - 3- ypthi ophene-3-carbonitrile 6

4-i odo- 2- nor phol i n-4-y1-5-(1Htetrazol -5- yl)thi ophene-3-carbonitrile

Cl
cl
NG,
I\ N
s” ¢ N
o) mn—
5

4-(2,4-dichlorophenyl)-2-(tetrahydro-2H-
pyran-4-yl)-5-(4H-1,2 4-triazol-3-
yDthiophene-3-carbonitrile

Cl

cl

NG
7\
l/\N S ’N;N
o HN—Y
h:
7

4-(2,4-dichlorophenyl)-2-[(2R)-2-
(fluoromethyl)morpholin-4-y1]-5-(4H-1,2.4-
triazol-3-yl)thiophene-3-carbonitrile

Ci
Cl
NC,
7\
,/\N S /N'N
T o™
CHs
9

4-(2,4-dichlorophenyl)-2-(2-ethylmorpholin-
4-y1)-5-(4H-1,2,4-triazol-3-yDthiophene-3-
carbonitrile

NC, |

HN-N
6

4-i0do-2-morpholin-4-yl-5-(1H-tetrazol-5-
yDthiophene-3-carbonitrile

NC, |

/ N.

HN-Y

8

4-iodo-2-morpholin-4-yl-5-(4H-1,2,4-triazol-
3-yDthiophene-3-carbonitrile

10

4-(2-chloro-4-methoxyphenyl)-2-morpholin-
4-yl-5-(4H-1,2,4-triazol-3-yl)thiophene-3-
carbonitrile



7 4- (2, 4-dichl orophenyl) 2- [(2R) 2-
(f uor onet hyenor phol i n-

4-y1J-5

, 4-1ri azoweo 2009/154741
3-yl)thi ophene-3-carbonitril e®-yl)thi ophene-3-carbonitrile
4- (2, 4-di chl orophenyl) - 2- ( 2- et hyl nor phol i n- 4- (2- chl or o- 4- net hoxypheny1l)-2-m

triazol -

or phol i

4-y1)-5-(411-1,2,4-triazol

n-

i ophene-3- carbonitrilecarbonitrile

ci
ct

F NG

ot 5 Y
11

4-(2,4-dichlorophenyl)-2-{2-
(fluoromethyl)morpholin-4-yl1}-5-(4H-1,2 4-
triazol-3-yl)thiophene-3-carbonitrile

Ci
Ci
NC,
//\N d \ ID/CHs
HN

13
4-(2,4-dichlorophenyl)-5-(4-methyl-1H-

imidazol-2-yl)-2-morpholin-4-ylthiophene-3-
carbonitrile

o5,

HN—/

15

4-(2,4-dichlorophenyl)-2-(1,4-oxazepan-4-
y1)-5-(4H-1,2 4-triazol-3-yl)thiophene-3-
carbonitrile

-3-yQ hi ophene-3-4-y1-5-(4H1, 2, 4-tri azol

19
cl
Ci
chC
IAN 4 \ N.N
S r’d
O)J HN-Y
HyC
12

4-(2,4-dichlorophenyl)-2-[(2R)-2,5-
dimethylmorpholin-4-yl]-5-(4H-1,2 4-triazol-
3-yDthiophene-3-carbonitrile

Cl
Ci
NC
7\
//\N S ’N~N
O HN—
H3C CH,
14

4-(2,4-dichlorophenyl)-2-(2,2-
dimethylmorpholin-4-yl)-5-(4H-1,2,4-triazol-
3-yDthiophene-3-carbonitrile

HaG

Ci
NC,
7\
//\N S ’NJ
o/ HN
16
4-(2-chloro-4-methoxyphenyl)-5-(1H-

imidazol-2-yl)-2-morpholin-4-ylthiophene-3-
carbonitrile

-(411-1, 2, 4-4-i odo- 2- nor phol i n-4-y1-5-(4H 1, 2
PCT/US2009/003607

-3-yl)th



4- (2, 4-di chl orophen y1)-242-4-(2, 4-di chl orophenyl)-2-1(2R)- 2, 5-

(fluoronet hyl ) nor phol i n-4-y11-5-(4H 1, 2, 4- di net hyl nor phol i n-4-y11-5-(4H 1, 2
, 4-1ri azowe 2009/154741 PCT/US2009/003607

triazol -3-yQ hi ophene-3-carbonitril e30yl)thi ophene-3-carbonitrile 1314

4- (2, 4-di chl orophenyl ) -5-(4-net hyl - 1H 4- (2, 4-di chl or opheny1l) - 2- (2, 2-

I tni dazol - 2-y1)-2-nor phol i n-4-yl t hi ophene- 3-di net hyl nor phol i n-4-y1)-5-(4H 1
,2,4-triazol- carbonitrile3-yl)thi ophene-3-carbonitrile 1516

4- (2, 4-di chl orophenyl)-2- (1, 4- oxazepan- 4- 4- ( 2- chl or o- 4- net hoxypheny1) - 5- (1H

yl)-5-(4kk1,2,4-triazol-3-y|)thiophene-3-inidazol-z-yl)-gﬁnnrpholin4-y|thio
phene- 3- 3

Cl
O,CH3 NC
NC ( //\N 7\ /N"N
MR ~N SN
O\/I HN—I/
18
17

4-(3-methoxyphenyl)-2-morpholin4-yi-5-(4
H-1,2,4-triazol-3-yl)thiophene-3-carbonitrile

4-[2-chloro-4-(trifluoromethyl)phenyl]-2-
morpholin-4-yl-5-(4H-1,2 4-triazol-3-
yhthiophene-3-carbonitrile

Cl
Cl
ol NC.,
\
Cl //\N /S /N‘N
NG, o HN—Y
4 N"Ng \D OH
N N 0
19

4-(2,4-dichlorophenyl)-5-(1H-imidazol-5-y1)-
2-morpholin-4-ylthiophene-3-carbonitrile

4-(2,4-dichlorophenyl)-2-[(2R)-2-
(hydroxymethyl)morpholin-4-yl}-5-(4H-
1,2,4-triazol-3-yl)thiophene-3-carbonitrile

Cl Ct
Ci (¢]]
NC NC.
\ Y
[N { 7 N %
O\/I S HN-T(I O\) S HN-'/7
21 22

4-(2,4-dichlorophenyl)-2-morpholin-4-yl-5-
(1H-pyrazol-5-yl)thiophene-3-carbonitrile

4-(2,4-dichlorophenyl)-5-(1H-imidazol-2-yl)-
2-morpholin-4-ylthiophene-3-carbonitrile



carbonitrilecarbonitrile 20 4-[2-chloro-4-(trifluoronethyl)phenyl]-2-
4- ( 3- met hoxyphenyl) - 2- nor phol i n- 4-y1-5- (4nor phol i n-4-y1-5-(41-1-1,2,4-triaz
ol - 3- WO 2009/154741 PCT/US2009/003607
H1,2,4-triazol -3-ypthi ophene-3-carbatitril eyl)thi ophene-3-carbonitrile

20 19 4-(2, 4-di chl orophenyl)-2-[(2R) - 2-

4- (2, 4-di chl orophenyl)-5-(1H i m dazol - 5-y1) - (hydr oxynet hyl ) nor phol i n-4-y1] -

5- (4H

cl
Cl
NC.
N B! Non
S ’'d
cl O, HN—Y
Cl
NC/ \ 3o
N /N:N HaC
o] HN-N
24
23

4-(2,4-dichlorophenyl)-2-morpholin-4-yl-5-
(1H-tetrazol-5-yhthiophene-3-carbonitrile

2-{4-[3-cyano-4-(2.4-dichlorophenyl)-5-(4H-
1,2,4-triazol-3-yl)-2-thienylJmorpholin-2-
yl}ethyl acetate

Cl
Cl
Cl
Cl NC
NG e
I/( \ N.
/4 \ N N7 g 7 N
I/\N S 7 "N O\/k HN—”
oS HN-Y CHy
25 26

4-(2 4-dichlorophenyl)-2-morpholin4-yl-5-
(4H-1,2 4-triazol-3-yl)thiophene-3-

4-(2,4-dichlorophenyl)-2-[(3R,55)-3,5-
dimethylmorpholin-4-yl]-5-(4H-1,2,4-triazol-

carbonitrile 3-ythiophene-3-carbonitrile
Cl Ci
Cl Cl
NC, NC,
\ \
I/\ N /S /N'N //\ N /S /N‘N
Of HN-Y/ Of HN~Y/
OH OH
27 28

4-(2,4-dichlorophenyl)-2-[2-
(hydroxymethyl)morpholin-4-yi]-5-(4H-
1,2,4-triazol-3-yl)thiophene-3-carbonitrile

4-(2 ,4-dichlorophenyl)-2-[(2S)-2-
(hydroxymethylmorpholin-4-yl]-5-(4H-
1,2,4-triazol-3-yl)thiophene-3-carbonitrile



2- nor phol i n-4-yl t hi ophene-3-carbonitrilel, 2,4-triazol -3-yQ hi ophene-3-carbo

nitrile

4- (2, 4- diwbl2009013mmy 1) - 2- nor phol i n- 4- y1 5-4- (2, 4- di chl orophusego@peso] 1H i m d

azol -2-y1)-

(1H pyrazol - 5-yC1h|ophene-3-carbon|tr|Ie2-nDrphoI|n-4-y|th|ophene-3-carbon

trile
(1Htetrazol

21 4-(2,4-dichlorophenyl)-2-norpholin-4-yl-5-
-5-yl)thi ophene-3-carbonitrile 24

2- {443-cyano4- (2, 4-di chl or opheny1l) - 5- (4H-

1,2, 4-triazol

o]
ci

NG CH,

N p

o/ HN-N
29

4-(2,4-dichlorophenyl)-5-(4-methyl-1H-
pyrazol-5-yl)-2-morpholin-4-ylthiophene-3-
carbonitrile

Cl

Cl
NC,

I/\N 4 \ /N.N

S

OzTJ HN-Y
o
Hﬁ’§b

31

{4-[3-cyano-4-(2,4-dichlorophenyl)-5-(4H-
1,2,4-triazol-3-yl)-2-thienylJmorpholin-2-
yl}methyl acetate

OH
Cl
NG
\
Y ¢ N
o/ HN—Y
33

4-(2-chloro-4-hydroxyphenyl)-2-morpholin-
4-yl-5-(4H-1,2 ,4-triazol-3-yl)thiophene-3-
carbonitrile

-3-y1)-2-thienyl ] nmorpholin-2- yl1 }ethyl acetate Cl

Cl
CI

F“A Y,

30

4-(2,4-dichlorophenyl)-2-[2-
(fluoromethyl)morpholin-4-y13-5-(1H-
imidazol-2-yl)thiophene-3-carbonitrile

Ci
cl
NG
7\
OITJ HN=
F
32

4-(2,4-dichlorophenyl)-2-[(2S)-2-
(fluoromethyl)morpholin-4-yl]-5-(4H-1,2 4-
triazol-3-yl)thiophene-3-carbonitrile

ci
cl
NC,
\G
o ) ® H;JP
34

4-(2,4-dichlorophenyl)-2-(3,6-dihydro-2H-
pyran-4-yl)-5-(4H-1,2 4-triazol-3-
yhthiophene-3-carbonitrile



4- (2, 4-di chl orophenyl) - 2- nor phol i n-4-y1-5-4-(2, 4-di chl or ophenyl)-2-[ (3R, 58)
-3,5-

(4H 1, 2, awono@zish743- ypt hi ophene- 3- di net hyl nor phol i n- 4- y PCTASEEDRD03I6P2, 4-tri a
zol - carbonitrile3-yl)thi ophene-3-carBonitrile

4- (2, 4-di chl orophenyl)-2-[2-4-(2, 4-di chl orophenyl)-2-[(28)-2-

(hydr oxynet hyl ) nor phol i n-4-y11-5- (4H- ( hydr oxynet hyl ) nor phol i n-4-y1] - 5-(4H
1,2,4-triazol-3-yl)thi ophene-3-carbonitrilel, 2,4-triazol - 3-ypt hi ophene-3-ca
rbonitrile 22

Cl
Cl
Ci
Cl NC,
NG I/\ 4 \ N
7\ N N~ >g - N
é/\N "¢ N Oz;J HN~Y
f HN~Y
CHj HO
35 36
4-(2.4-dichlorophenyD)-2-[(2R)-2- 4-(2,4-dichlorophenyl)-2-[2-(2-
ethylmorpholin-4-yl}-5-(4H-1,2 4-triazol-3- hydroxyethyl)morpholin-4-yl}-5-(4H-1,2,4-
yDthiophene-3-carbonitrile triazol-3-yl)thiophene-3-carbonitrile
[0055] 4 General Synthetic Methods and Intermediates:
[0056] The compounds of the present invention can be prepared by methods known to one of

ordinary skill in the art and / or by reference to the schemes shown below and the synthetic examples that
follow. Exemplary synthetic routes are set forth in Schemes 1-11 below, and in the Examples.

[0057] Scheme 1: General route for the synthesis of 3-substituted 4-cyano-5-morpholin-4-
ylthiophene-2-triazoles



4- (2, 4-di chl or ophenyO- 5- (4- net hyl - 1H- 4- ( 2, 4- di chl or ophenyl) - 242-

pyrazol - 5-y1) - 2- nor phol i n-4-yl t hi ophene- 3- (fl uoronet hyl ) nor phol i n-4-y11-5-(
111- car bwo 20ewiskaitm dazol - 2- yQ hi ophene- 3- carboni tri | e PCT/U32009/003607

1443- cyano- 4- (2, 4-di chl or ophenyl) -5 -44H

1,2,4-triazol-3-yl)-2-thienyfl norpholin-2- nmethyl acetate 32 442,4

-di chl or ophenyl) - 2- R2S) - 2-

R2__ClI

hg

Method A l
N~ ™0 (\N S Method B - S
, oS

I/\n’o\/
o}

Method D

Method C NC.  R2 NC, R?
e —
0 /7 \\_ o
'/\N ! S\ ,/\N s
oLt o\\ SN OH
iv v
Method E NC A2 Method F NC R2
— 7~
/ N\ 0 N.
,/\N/Z?\( O’/\N S _I/N
oL/ NH, - HN
Vi vii
[0058] Scheme 1 above shows a general route for preparing compounds of formula (vii). As shown

in Scheme 1, conversion of amide i to thioamide ii can be accomplished using a suitable reagent, such as
Lawesson’s reagent, in THF (Method A). Thioamide ii can be coupled with acyl chlorides in the presence
of an appropriate base, such as DIPEA, in ACN (Method B) to afford compounds of formula iii, that can
be subsequently coupled with a suitable o-haloacetate ester, such as iodoethylacetate or
bromoethylacetate in a one-pot process using microwave irradiation to afford substituted thiophenes iv
(Method C). Esters iv can be hydrolyzed using a suitable base, such as NaOH in aqueous conditions using
cosolvents, such as THF and MeOH to afford carboxylic acids v (Method D). Amides vi can be obtained
by coupling of compounds v with ammonia using a suitable coupling reagent, such as EDCI and HOBT
in DCM (Method E). Treatment of compounds vi with DMFDMA under microwave irradiation gives
intermediate enamines, that are transformed to triazoles vii using hydrazine in acetic acid under
microwave irradiation.

[0059] Scheme 2: Alternative synthesis of 3-substituted 4-cyano-5-morpholin-4-ylthiophene-2-

triazoles



(fl uoronet hyl ) norpholin-4-y1)-5-(4H1, 2, 4-

triazol -3-yQ hi ophene-3-carbonitrile

4- ( 2- chl owo-2dedmparaaxyphenyl) - 2- m)rphol i n-4-(2, 4-di chl or epmarsgdop/@3608, 6- di hy
dr o- 2H

4-y1-5-(4H 1,2, 4-triazol -3-yethi ophene- 3-pyran4d-y1)-5-(4H1, 2, 4-triazol - 3-
carbonitrileyl)thi ophene-3-carbonitrile 23 35

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

et hyl nor phol i n-4-y1]-5-(4H 1, 2,4-tri azol - 3-

o~
HS
NC._CN /\Ir

NC,
~ I _ MethodG I‘S\( Method H N N\ o
S

viii
H4
HN O NC |
NC | \ / Re m
Method | ~ I\ o Method J Y s °
—_ 2
FH S § —_— o/ o}
Xl \\ XH (
OH
R2-E
OH NC, R? NC, R2
Method K RY ™\ .o Method D ,7/\ o
e e AL i N
O\) O \/l
v \\
v
Method E NC, R2 Method F NC, R?
—_— o) g R4
VAN Y\N 4 S\ ’N;N
\/l Ha 0\// HN—I
Vi vii
[0060] Scheme 2 above shows a general route for preparing compounds of formula (iv). As shown in

Scheme 2, viii is treated with ethyl thioacetate in the presence of a suitable base, such as TEA in MeOH
under elevated temperature to afford ix (Method G), which is subjected to Sandmeyer reaction using
appropriate reagents, such as methylene iodide and amyl nitrite in ACN (Method H). The product x is
then oxidized to sulfone xi using an appropriate oxidant, such as m-CPBA in DCM (Method I).
Displacement of a sulfone is achieved using morpholine in THF at elevated temperature (Method J) to
give xii. Suzuki coupling of the latter compound with boronic acids is achieved using an appropriate
catalyst, such as Pd(PPh;),, in the presence of a suitable base, such as sodium carbonate in DME-water
mixture under microwave conditions to afford compounds of formula iv (Method K). Transformation of

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



yQ hi ophene-3-carbonitrile 36 4-(2,4-dichlorophenyl)-242-(2-
hydr oxyet hyl ) nor phol i n-4-y1]-5-(41-1-1, 2, 4-
triazol - 3wgl2pedhisersmene- 3-carbonitrile [0055]4 General S$8gmtusetiomoddpt hods
and I ntermedi ates: [0056] The conmpound® of the present invention can be
prepared by nethods known to one of ordinary skill in the art and / or by
reference to the schenes shown bel ow and the synthetic exanpl es that
foll ow. Exenplary synthetic routes are set forth in Schenes 1-11 bel ow, and
in the Exanples. [0057] Scheme 1: General route for the synthesis of
3- subsf i tilt ed 4-cyano-5-norpholin-4- ylthiophene-2-triazoles 24

0061] Scherne 3: Alternative route for the synthesis of substituted 4-cyano-3-aryl-5-

(morpholine-4-yl)thiophene-2-carboxamides

N N
N\ N\
Method E
Nl N o B \ AN\ _on ——»
SNg 3 $™Ng
. O )

xiii

(')H
N
"\ | N\ Ho B ar
Method M
N /B NH, Method L \S 7\ NH, etho
S S 7N S
5 oo o
xiv xv
H N
N
AN R ENl » \ R2

e T\ NH, 0~ R ‘7/\N /s\ NH,
/m S — O

00 o Method N N o

Xvi xvii
NC_ R?
R4
Method F N / \_ _N.
e N"Ng 4 ,N
o/ HN—/
vii
[0062] Scheme 3 above shows a general route for preparing compounds of formula (xvii). As shown

in Scheme 3, ester x is hydrolyzed using a suitable base, such as sodium hydroxide in aqueous conditions,
to give carboxylic acid xiii (Method D). Formation of amide xiv is done using an appropriate coupling
reagent, such as EDCI and HOBT in DCM followed by treatment with aqueous ammonia (Method E).
Thioether xiv can be oxidized to sulfone xv using a suitable oxidant, such as mCPBA in DCM (Method
L). The lattcr compound is subjected to Suzuki coupling conditions with an appropriate combination of
aryl boronic acid, Pd source, such as Pd(dba),, ligand, such as dpePhos, and a base, such as potassium
phosphate in DME/DMA solvent mixture under microwave irradiation to afford advanced intermediate of

formula xvi (Method M). Treatment of sulfones xvi with neat substituted morpholines under elevated



[ 0058] Schenme 1 above shows a general route for preparing conpounds of
formula (vii). As shown in Schene 1, conversion of amde i to thioamde ii
can be acworrpdy/shad usi ng a suitable reagent, such as LacgamseenIsoiseagent ,
in THF (Method A). Thioam de ii can B coupled with acyl chlorides in the
presence of an appropriate base, such as DI PEA, in ACN (Method B) to afford
conpounds of formula iii, that can be subsequently coupled with a suitable
a- hal oacetate ester, such as iodoethylacetate or bronoethylacetate in a
one-pot process using mcrowave irradiation to afford substituted

t hi ophenes iv (Method C). Esters_iv can be hydrol yzed using a suitable .
base, ‘SYBTRYE 2 amides gl fogmla ¥ fYlethech)- (Taaristprngian of @pyides xxi Ehtrigeolesyi iy g
MeOH t @il barad d&Rfiby ktenal. ds v (Met hod D). Ami des vi can be obtai ned by
coupl i ng of conpounds v with amoni a using_a suitabl e coupling reagent,
such d906HcC1 Sehemec1Generadcrauteden dee synthesiseaf despbstitpted ofrgyanecfsmorphelintd-
DVFDMA 1 iidRéne®-mhi@day& | rradiation gives internediate enam nes, that are
transfiorned to triazoles vii using hydrazine in acetic acid under m crowave
irradiation. [0059] Schene 2: Alternative synthesis of 3-substituted

4- cyano- 5- nor phol i n-4-yl t hi ophene-2- triagol eg. 25 HSeya"--.... NC
CNoNCNH2NCI  x MetVfiod B0Met hoefibéo . S 0-1 Vi) '\ ch))< Method P
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[0064] Scheme 4 above shows a general route for preparing compounds of formula (xx). As shown

in Scheme 4, acid v is treated with Boc protected ethylenediamine using standard coupling conditions,
such as EDCI and HOBt in DCM. Protective group is removed using an appropriate acid, for example
TFA in DCM to give amide xviii (Method O). Cyclization of xviii is achieved using suitable conditions,
for example POCIl; (Method P) and the formed dihydroimidazole xix is oxidized to imidazole xx using a

suitable oxidative method, such as Swern oxidation (Method Q).

[0065] Scheme 5: Alternative synthesis of 3-substituted 4-cyano-5-morpholin-4-ylthiophene-2-

imidazoles



iV vivii [0060] Scheme 2 above shows a general route for preparing
conpounds of formula (iv). As shown in Schene 2, viii is treated with ethyl
t hi oacet awe 2009/tSh1pr esence of a suitabl e base, such asPTEAS209NRIBBY under
el evated tenperature to afford ix (M28hod G, which is subjected to
Sandneyer reaction using appropriate reagents, such as nethyl ene iodide and
anyl nitrite in ACN (Method H). The product x is then oxidized to sul fone
Xi using an appropriate oxidant, such as m CPBA in DCM ( Met hod D.

Di spl acenment of a sulfone is achieved using norpholine in THF at el evated
tenperature (Method J) to give xii. Suzuki coupling of the6I atter conpound
with boronic acids is achieved using an appropriate catal jst, such as
Pd(PPh3) 4, in the presence of a suitable base, such as/sodjum carbonate in
DVE-wat er mi xture under njcrowave conditions tg afforﬁNcorrpf)unds of formula

iv (Method K). Tran8forpgiti on mémoest ers i{)'}c_)s'ir(i azol eguias IS carried out

as described in e . ,026 |0061|Sc VA bernative rgyte for the
synt hesi s of su@ut%d -cyano-S-arxL-sg"-' S

(mor phol i ne- 4- yOoHT ophene®Y- car boxani dé H
v xxi
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[0066] Scheme 5 above shows an alternative route for preparing compounds of formula (xx). As

shown in Scheme 5, acid v is transformed to an aldehyde using a suitable synthetic sequence, for example
through a coupling with N,0-dimethylhydroxylamine and subsequent reduction of the formed Weinreb
amide with DIBAL (Method R). Aldehyde xxi is then treated with diamine and iodine (Method S) to form
dihydroimidazole xix, which is oxidized to imidazole xx using a suitable oxidating method, such as

Swern oxidation (Method Q).

[0067] Scheme 6: General route for the synthesis of 3-substituted 4-cyano-5-morpholin-4-

ylthiophene-2-imidazoles
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VI [0062] Scheme 3 above shows a general route for preparing conpounds of
formula (xvii). As shown in Schene 3, ester x is hydrolyzed using a

sui t abl e Wa=e)y/suh as sodi um hydr oxi de i n agueous condiPCirarsg)09aseg? ve
carboxylic acid xiii (Method D). Forrion of ami de xiv is done using an
appropriate coupling reagent, such as EDCI and HOBT in DCM fol | owed by
treatnent with agueous ammonia (Method E). Thioether xiv can be oxidized to
sul fone xv using a suitable oxidant, such as nCPBA in DCM (Method L). The

| atter conpound i s subjected to Suzuki coupling conditions wth an

appr opr.i nblna ion of aryl borqgnic acjd. Pd source, S ba) 2
| gang{Obg%} shesepaRse shave & YgmeiveRuf gag PISBATRE SOMRP N 69@%@

S0l venghowh Xi S¢temY 6 &¢id ¥ii§ trawothed i adtedhd ind HsidfablRlsgntaslicaRgRecd, Hiéred’xﬂﬂgleat e
of formula xvi Treat ment of sulfones xvi with peat substituted

mor phaPioHgs 2 6f gé‘f'@\/&%’eﬁme‘?ﬂhﬂ%‘ﬁﬂéﬁ‘%‘f‘ﬁﬁé d sybsenugrt tegaiuarat o the fgimed) Weipizp;
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as described in Schene 0063] Schenme 4: Ceneral .rqute for the synthesjs

of 3- s*mswamtr@awﬂorbg}\éﬁhods ?rﬂ)r&ﬂmﬂﬁomokewnf FxHl M -1 I9dpred 49 Srraoketong xxivyx
using a suitable method, such as diethyl phosphate and a base, such as TEA (Method V). Treatment of

xxiv with formamide under microwave irradiation affords the final imidazole xxv (Method W).
[0069] Scheme 7: General route for the synthesis of 3-substituted 4-cyano-5-morpholin-4-
ylthiophene-2-pyrazoles
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[0070] Scheme 7 above shows a general route for preparing compounds of formula (xxvi). As shown

in Scheme 7, ketone xxii is treated with DMFDMA to afford an intermediate enamine followed by
reaction with hydrazine hydrate in a suitable solvent, for example acetic acid to give pyrazole xxvi

(Method X).

[0071] Scheme 8: General route for the synthesis of 3-substituted 4-cyano-5-morpholin-4-
ylthiophene-2-tetrazoles
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[0072] Scheme 8 above shows a general route for preparing compounds of formula (xxvii). As

shown in Scheme 8, amide vi is treated with an azide source, for example sodium azide using a suitable
Lewis acid, for example silicon tetrachloride in an appropriate solvent, such as acetonitrile to give

tetrazole xxvii (Method Y).



[ 0064] Schenme 4 above shows a general route for preparing conpounds of
formula (xx). As shown in Schenme 4, acid v is treated with Boc protected

et hyl enedwearenevelsysliing st andard coupling conditions, suclkRCaaSERCoomnd HOBt
in DCM Protective group is renoved wi ng an appropriate acid, for exanple
TFA in DCMto give amde xviii (Method 0). Cyclization of xviii is achieved
using suitable conditions, for exanple POCI3 (Method P) and the forned

di hydroi m dazole xix is oxidized to imdazole xx using a suitable oxidative
met hod, such as Swem oxi dat i on (Method Q. [0065] Scheme 5: Alternative

synt hesi s of 3 substl tuted 4 no- 5- mor phol i n-4-yi t hi ophene-2- i m dazol es
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XXI Xi XXX [ 0066] Schenme 5 above shows an alternative route for preparing
conpounds of formula (xx). As shown in Schene 5, acid v is transforned to
an al dehywe 20&/13g74a sui t abl e synthetic sequence, for exaoplus2anasgh a
coupling with N, O-di met hyl hydr oxyl am3e and subsequent reduction of the
formed Weinreb amde with DIBAL (Method R). Al dehyde xxi is then treated
with diamne and iodine (Method S) to form di hydroi m dazole xix, which is
oxidized to imdazol e xx using a suitable oxidating nethod, such as Swem
oxidation (Method Q. [0067] Schene 6: General route for the synthesis of
3-substituted 4-cyano- SNrmrphoI I n-4- ylthi ophene-2-im dazoles 29
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[0074] Scheme 9 above shows a general route for preparing compounds of formula (xxxiv). As

shown in Scheme 9, sulfone xi is treated with dimethoxybenzylamine using suitable conditions, for
example TEA in THF at elevated temperature. Suzuki coupling of the latter compound with boronic acids
is achieved using an appropriate catalyst, such as Pd(PPh;),, in the presence of a suitable base, such as
sodium carbonate in DME-water mixture under microwave conditions to afford compounds of formula
xxix (Method K). Deprotection of dimethoxybenzyl group is achieved with a suitable acid, such as TFA
in DCM (Method AA). Amines xxx are then subjected to Sandmeyer reaction using appropriate reagents,
such as methylene iodide and amyl nitrite in ACN (Method H). Esters xxxi can be hydrolyzed using a
suitable base, such as NaOH in aqueous conditions using cosolvents, such as THF and MeOH to afford
carboxylic acids (Method D) followed by coupling with ammonia using a suitable coupling reagent, such
as EDCI and HOBT in DCM to give amides xxxii (Method E). Treatment of amides xxxii with
DMFDMA under microwave irradiation gives intermediate enamines that are transformed to triazoles
xxxiii using hydrazine in acetic acid under microwave irradiation (Method F). Compounds xxxiii can be
then coupled with vinylstannanes under suitable conditions, for example Pd(PPh;),, Cul, LiCl in dioxane
under elevated temperature to give dihydropyrans xxxiv (Method AB). Hydrogenation of the latter
compounds (Method AC) can afford tetrahydropyrans xxxv.

[0075] Scheme 10: General route for the synthesis 4-substituted-5-(4H-1,2,4-triazol-3-yl)-1,3-

thiazol-2-ylJmorpholines



[ 0068] Schenme 6 above shows an alternative route for preparing conpounds of
formula (xxv). As shown in Schene 6, acid v is transfornmed to a ketone

usi ng a swotalws4miynt heti ¢ sequence, for exanpl e througirca/useanlodisg7 Wi t h
N, O- cl i net hyl hydr oxyl am ne and subsecq?ent treatnent of the fornmed Weinreb

amde with alkyllithiumreagent (Method T). Ketone "ail is then treated
wWith bromne in acetic acid under mcrowave irradiation (Method U to form
di bronoket one xxiii, which is reduced to bronoketone xxiv using a suitable

nmet hod, such as diethyl phosphate and a base, such as TEA (Met hod V).
Treatnment of xxiv with formam de under mcrowave irradiation affords the
final imdazole xxv (Method W. [0069] Schene 7S eral route for the
synthesis of 3-substituted 4-cyano-5-norpholin-4-"gy t hi ophene-2-pyrazol es
R2NC, r-NNre\ ;s R6 xxvi [0070] Scherre 7Cabove shows a general Fe for
preparing ounds ofMefhod ARl a (xlp.g) showdebpd Kechene 7 rkeroBe xxii is
treatedmhqlg DVA—t-o—afford Nj"e icat e emam & f ol lowed b§” r&¥ction
with hydrazi'ne hydrate in a suita sol vent, for exanple aCetic _acid to

gi ve pyrazole xxvi (Method X). [0071},Qgheme 8: General route P&Milthe

synt hesi s o’?x 8 substituted 4-cyano-5-norpholin-4- ylthi ophene-2-tetrazol es
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[0076] Scheme 10 above shows a general route for preparing compounds of formula (x/). As shown

in Scheme 10, 2,4-dichlorothiazole-5-carbonitrile is transformed to xxxvii by treatment with morpholine
(Method AD), which in turn is subjected to Suzuki coupling under microwave conditions using standard
reagents, for example Pd(PPh;),Cl,, sodium carbonate in DME-ethanol-water mixture (Method K) to
afford compounds of formula xxxviii. Hydrolysis of the nitrile group is achieved using a strong acid, such
as sulfuric acid (Method AE) to give amides xxxix, which are transformed to triazoles x1 using a two step
procedure involving treatment with DMFDMA under microwave irradiation followed by hydrazine in

acetic acid under microwave irradiation (Method F).

[0077] Scheme 11: General route for the synthesis of substituted furanes and pyrroles
o BrCH,COOE!t
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[ 0072] Scheme 8 above shows a general route for preparing conpounds of
formula (xxvii). As shown in Schenme 8, amde vi is treated with an azide
source, WO 2e00aspi4e@ sodi um azi de using a suitable Lew sPagius2000036exanpl e
silicon tetrachloride in an appropri a3e solvent, such as acetonitrile to
give tetrazole xxvii (Method Y). 30 [0073] Schene 9: General route for the
synthesis of 3-substituted 4-cyano-5-di hydropyran-4-

yl t hi ophene-2-tri azol es 0

[0078] Compounds of formula (I), where X = O or X = N(R) can be prepared from compounds xliii.
The synthesis of compounds of formula xliii is reported in the literature (Fernandez, M.-C.; Castano, A.;
Dominguez, E.; Escribano, A.; Jiang, D.; Jimenez, A.; Hong, E.; Homback, W.J.; Nisenbaum, E.S.;
Rankl, N.; Tromiczak, E.; Vaught, G.; Zarrinmayeh, H.; Zimmerman, D.M. Bioorg. Med. Chem. Lett.,
2000, 66, 5057-5061), and is outlined in Scheme 11. Deprotonation of propionitriles xli followed by
condensation with carbon disulfide and subsequesnt quenching with methyl iodide gives compounds of
formula xlii. These compounds can be further converted to furan ethyl carboxylates xliii by
cyclocondensation with bromoethtyl acetate. Similarly, treatment of xlii with N-alkyl glycine esters
affords alkylated pyrrole ethyl carboxylates xliv. Compounds of formula xliii and xliv can be further

elaborated as described in Schemes 1-9 above.

[0079] 5. Uses, Formulation and Administration

[0080] As discussed above, the present invention provides compounds that are useful as inhibitors of
PI3K enzymes, and thus the present compounds are useful for treating proliferative, inflammatory, or
cardiovascular disorders such as tumor and/or cancerous cell growth mediated by PI3K. In particular, the
compounds are useful in the treatment of cancers in a subject, including, but not limited to, lung and
bronchus, prostate, breast, pancreas, colon and recum, thyroid, liver and intrahepatic bile duct,
hepatocellular, gastric, glioma/glioblastoma, endometrial, melanoma, kidney, and renal pelvis, urinary
bladder, utering corpus, uterine cervix, ovary, multiple myeloma, esophagus, acute myelogenous
leukemia, chronic myelogenous leukemia, lymphocytic leukemia, myeloid leukemia, brain, oral cavity,
and pharynx, small intestine, non-Hodgkin lymphoma, and villous colon adenoma.

[0081] In some embodiments, compounds of the invention are suitable for the treatment of breast
cancer, bladder cancer, colon cancer, glioma, glioblastoma, lung cancer, hepatocellular cancer, gastric
cancer, melanoma, thyroid cancer, endometrial cancer, renal cancer, cervical cancer, pancreatic cancer,
esophageal cancer, prostate cancer, brain cancer, or ovarian cancer.

[0082] In other embodiments, compounds of the invention are suitable for the treatment of
inflammatory and cardiovascular disorders including, but not limited to, allergies/anaphylaxis, acute and
chronic inflammation, rheumatoid arthritis; autoimmunity disorders, thrombosis, hypertension, cardiac
hypertrophy, and heart failure.

[0083] Accordingly, in another aspect of the present invention, pharmaceutical compositions are
provided, wherein these compositions comprise any of the compounds as described herein, and optionally
comprise a pharmaceutically acceptable carrier, adjuvant or vehicle. In certain embodiments, these

compositions optionally further comprise one or more additional therapeutic agents.



31 xxxi v [0074] Scheme 9 above shows a general route for preparing
conpounds of formula (xxxiv). As shown in Schenme 9, sulfone xi is treated
wi t h di mrewbaorgdbesmzayl am ne usi ng suitable conditions, foPCeAsa@OMIFEA | n THE
at elevated tenperature. Suzuki coupl3ng of the latter conpound with
boronic acids is achieved using an appropriate catal yst, such as Pd(PPh3)4,
in the presence of a suitable base, such as sodi um carbonate in DME-water

m xture under m crowave conditions to afford conpounds of fornula xxbc
(Method K). Deprotection of dinmethoxybenzyl group is achieved with a

sui tabl e acid, such as TFA in DCM (Method AA). Amines XXX are then
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acid under mcrowave irradiation (Method F). Conpounds xxxiii can be then
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of an ester of a compound of thls invention that, upon administration to a recipient, is capable of

providing, either directly or indirectly, a compound of this invention or an inhibitorily active metabolite
or residue thereof. As used herein, the term "inhibitorily active metabolite or residue thereof” means that
a metabolite or residue thereof is also an inhibitor of PI3K.

[0086] Pharmaceutically acceptable salts are well known in the art. For example, S. M. Berge et al.,
describe pharmaceutically acceptable salts in detail in J. Pharmaceutical Sciences, 1977, 66, 1-19,
incorporated herein by reference. Pharmaceutically acceptable salts of the compounds of this invention
include those derived from suitable inorganic and organic acids and bases. Examples of pharmaceutically
acceptable, nontoxic acid addition salts are salts of an amino group formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid and perchloric acid or with organic
acids such as acetic acid, oxalic acid, maleic acid, tartaric acid, citric acid, succinic acid or malonic acid
or by using other methods used in the art such as ion exchange. Other pharmaceutically acceptable salts
include adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate,
camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, formate, fumarate, glucoheptonate, glycerophosphate, gluconate, hemisulfate,
heptanoate, hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl
sulfate, malate, maleate, malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oleate,
oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, pivalate,
propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p-toluenesulfonate, undecanoate, valerate
salts, and the like. Salts derived from appropriate bases include alkali metal, alkaline earth metal,
ammonium and N*(C,salkyl); salts. This invention also envisions the quaternization of any basic
nitrogen-containing groups of the compounds disclosed herein. Water or oil-soluble or dispersable
products may be obtained by such quaternization. Representative alkali or alkaline earth metal salts

include sodium, lithium, potassium, calcium, magnesium, and the like. Further pharmaceutically



[ 0076] Schenme 10 above shows a general route for preparing conpounds of
formula (x/). As shown in Schenme 10, 2,4-dichlorothiazole-5-carbonitrile is
transf or re0 20@9/08XKMVi | by treatnent with norpholine (Mt rot/USD)09/00SDTH i N
turn is subjected to Suzuki coupling 3¥nder m crowave conditions using
standard reagents, for exanple Fd(FP113)2Cl2, sodium carbonate in

DVE- et hanol -water m xture (Method K) to afford conpounds of fornula
XXXviii. Hydrolysis of the nitrile group is achieved using a strong acid,
such as sulfuric acid (Method AE) to give am des XXXi X, which are
transforned to triazoles xI using a two step procedure involving treatnent
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for the synthesis of substituted furanes and pyrroles
R NHCHpwsoy! spifgnaternd aggd gilfonatg3 [ 0078] Conpounds of formula (/), where X = 0

or X '_[Oﬁgﬁ) cag dps%rigéoezﬂ)%(@,dthé E%ﬁ&m&ﬂyq&eﬁaueicompositions of the present invention

additionally comprise a pharmaceutically acceptable carrier, adjuvant, or vehicle, which, as used herein,
includes any and all solvents, diluents, or other liquid vehicle, dispersion or suspension aids, surface
active agents, isotonic agents, thickening or emulsifying agents, preservatives, solid binders, lubricants
and the like, as suited to the particular dosage form desired. Remington's Pharmaceutical Sciences,
Sixteenth Edition, E. W. Martin (Mack Publishing Co., Easton, Pa., 1980) discloses various carriers used
in formulating pharmaceutically acceptable compositions and known techniques for the preparation
thereof. Except insofar as any conventional carrier medium is incompatible with the compounds of the
invention, such as by producing any undesirable biological effect or otherwise interacting in a deleterious
manner with any other component(s) of the pharmaceutically acceptable composition, its use is
contemplated to be within the scope of this invention. Some examples of materials which can serve as
pharmaceutically acceptable carriers include, but are not limited to, ion exchangers, alumina, aluminum
stearate, lecithin, serum proteins, such as human serum albumin, buffer substances such as phosphates,
glycine, sorbic acid, or potassium sorbate, partial glyceride mixtures of saturated vegetable fatty acids,
water, salts or electrolytes, such as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen
phosphate, sodium chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone,
polyacrylates, waxes, polyethylene-polyoxypropylene-block polymers, wool fat, sugars such as lactose,
glucose and sucrose; starches such as corn starch and potato starch; cellulose and its derivatives such as
sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth; malt; gelatin;
talc; excipients such as cocoa butter and suppository waxes; oils such as peanut oil, cottonseed oil;
safflower oil; sesame oil; olive oil; corn oil and soybean oil; glycols; such a propylene glycol or
polyethylene glycol; esters such as ethyl oleate and ethyl laurate; agar; buffering agents such as
magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline;
Ringer's solution; ethyl alcohol, and phosphate buffer solutions, as well as other non-toxic compatible
lubricants such as sodium lauryl sulfate and magnesium stearate, as well as coloring agents, releasing
agents, coating agents, sweetening, flavoring and perfuming agents, preservatives and antioxidants can
also be present in the composition, according to the judgment of the formulator.

[0088] In yet another aspect, a method for treating a proliferative, inflammatory, or cardiovascular
disorder is provided comprising administering an effective amount of a compound, or a pharmaceutical
composition to a subject in need thereof. In certain embodiments of the present invention an "effective

amount" of the compound or pharmaceutical composition is that amount effective for treating a



The synthesis of conpounds of fornmula xliii is reported in the literature
(Fernandez, M-C.; Castano, A ; Dom nguez, E.; Escribano, A ; Jiang, D.

Ji menez, wWO;2009013¢741E. ; Honmback, W J.; N senbaum ES.; Raolius20d9/0036pDm czak,
E.; Vaught, G; Zarrinmayeh, H; Zinm¥rman, D.M Bioorg. Med. Chem Len.,
2006, 66, 5057-5061), and is outlined in Scheme 11. Deprotonation of
propionitriles xli foll owed by condensation with carbon disulfide and
subsequesnt quenching with nethyl iodide gives conpounds of formula xlii.
These conpounds can be further converted to furan ethyl carboxylates xlii
by cyclocondensatlon wi th bronpethtyl acetate. Simlarl treatment of Ali
wi t h™ NeralffRipyiveginflampatops e FEdigr s s isarddyy oftis that3eunt @ffeé%/wg/for LERHSOINSE-d-
XIiv. SevRavadsent, ah Obfatkide Xinbidr 8Nglcothpoling &MnlEndubf WWhiek ifhink GiriiRtba83K
described in Schemes 1-9 above, [0079]5. Uses, Fornulation and

Adni ni ¢ tersby blqchpbo roeltie §tsa§1§’§cpaépa6véhattlwé 9 thesaRermah gty 9h epply fagtoss.
conpouREiok B@&suférk@nakb%efn‘d{enﬁs%nhamr@n;ng knatds, € |p%fe1§ REYIIESrecéptifls htdUshokphBlipid
present conpounds are useful for treating proliferative, inflammtory, or
car di ok/Basessndphaspladasefer s such as tunor and/ or cancerous cell grow h
medi at pdsdly Phriton uﬁ’&ratnh QHx'nfi‘chm&E' %c&%‘iﬂé’ Hﬂ@lé nﬁfh%d ‘6? ﬁxfe lf)lres!erﬂ nﬁ\n:ﬁu&{ %ﬁ& gent
of cancers in a su I ncluding, but not limted ng and bronchus,
pr ost aadaninigieredyusing m\/n@nws andglyoRuigrad ari@emﬁatlwyﬁf@me fqr|tvetﬂnga&ha disease. The
intra t i C I / b
endomerey e R R, (EP RORCSIeL & s oHEE dkbaind oD Bl o genenl
cor pusconditien ofrile subiegt the sexesifof theinfackivns the partiskiar agsgb jih a’gd@ of agmipiatration, and”

nyel ogenaKs e %ﬁl‘ﬁblﬁwds QBN nGediboh| 29 PREUSH PRI in! ya;rxgaom fofm! BHKSEI R,
nyel oi d | eukenm a, "brain, oral cavity, and pharynx, snall”intestine,

non- Ho@mmlﬁranmmfonalﬁwowcrspgmg he kpsessign e desree uniofgm| |aﬁ usedrheraniHers iR At s,

conpo %?10&9 disBRte d?l‘ﬁ%[ﬂtag&l@ aprSpri fof Q'Je%aicléhrt tc; beirdateRai Wi be A& &S howdREET |
bl adder “cancter, col on cancer, glionma, dlioblastom, |ung cancer,

hepat obatithepial dadlweage of hesompeunds ﬁ@bﬁeommlamféhe prRsPRONYensian #all be decided by
endoneh hifthdif@PHRician VA the 3RHE LS sdufili WeBiRhl jEBReRl Thb §REHE 3b&ive AB&SEvel for
esophageal cancer, pr ostate cancer, brain cancer, oOr ovarilan cancer.

[ 0082] 4™ Rottisuler partspdPMerEaYsm GHstspendsunon at Wasiehin ok fciopningluging the dispase bgingt he
treat niiifed Qhd e LeRERHR IR tie aﬂ&s&%si &Y ‘@? B spHcFRr dRtpduhd 6| ;JQ?&Q thdd ecifiet
limted to, allergies/anaphylaxis, e and chronic |nflaw ion

r heunegogIpesition empleyed; the agei bﬁfilm rwmghtdg@elrah bealth, sy aseistieti o theypptisnt: e tigg, of

car di agy ByYRAGST, RBRY of AHintk&aGdn, hRY ki 8f A LARR]AGROLALRG! BmpbihdPBAIBRE; the
aspect of the £resent i nvention, pharmaceutical compositions are provi ded,

wher ei firatihe b tae rigsatsient; dﬁsgsm?érms@wnen of treineiiapialuitéts he specifi jcpmpound

her ei NemAdidd, ARl ROALIYs waMBoWGn theRRAARSRY tHe MrinY paGHe D hatNeE heR M hins an

adj uvant or vehicle. In certain enmbodi nents, these conp03|t|ons optionally
furt heamre@rpmfprg@yémamal 9 @osiRieerablya humaar apeut i ¢ agents. 34 | 0084] It
will aﬂ0§90 be ? ﬁ%hﬁ&&gcz{lf}aﬁcc £ﬁl@'cgm§$sn§cjﬁ§ of QHEQHO&%OIchaP "'HeS&dMlinis@NE NI ON
can exist in or tre ment, or where ap Bro priate, as a

phar meltewns | qtl}er aciowpst arpllye reseallyy pargnjeraliy, dteagisterna bomdavagm%lty ftrvapgriterca iy,

i nventﬂoﬂi@ally%sm; LWRGS, L&I{tﬁl@htg yor@ﬁ%?)ofa@cgh)e ag% b%%ljn\é&l E;Q’Q}l %ﬁﬁn@hkp e én%m@(&\
limted maceut i cal accept abl e 'prodrugs, salts, esters, sa ts of
such ethe equrlty of thanyfe@tonéaemadt@a@@ I@rce@@n pmhwlmentwwecwmmsmsaﬂ haingention imsy t o
a pati &“I:dnhﬂst&%&‘%rdll%: & te“ralef atp&gxg dje0dds oﬁ'aﬁ&ﬁtddi F/kg N 2b6&t 30/ mgk ﬁ and
conpound as ot herw Se describ herelin, or a netabolite or residuethereof.

[ 0085] meferable dromeztonh] mehe tp @bwt '2p vee/ken 08 sibiieeh body wright PR Ye OBBPT MOTEAIMLS & t O

those @a@l th Sbtdd e be@k 'therapeutic effect.

[0091] Liquid dosage forms for oral administration include, but are not limited to, pharmaceutically

acceptable emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the active
compounds, the liquid dosage forms may contain inert diluents commonly used in the art such as, for
example, water or other solvents, solubilizing agents and emulsifiers such as ethyl alcohol, isopropyl
alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene

glycol, dimethylformamide, oils (in particular, cottonseed, groundnut, corn, germ, olive, castor, and



wi thin the scope of sound nedical judgenent, suitable for use in contact
with the tissues of humans and | ower animals w thout undue toxicity,
irritati onp2009suiic response and the |i ke, and are comremdise@o@03sT h a
reasonabl e benefit/risk ratio. A "pha7naceutically acceptable salt" nmeans
any non-toxic salt or salt of an ester of a conpound of this invention
that, upon admnistration to a recipient, is capable of providing, either
directly or indirectly, a conpound of this invention or an inhibitorily
active netabolite or residue thereof. As used herein, the term

“inhibitoril t t her eof t et abol it
or 1 oSFHTE R EISF <SR uDA R RS SPSR o Tlb TG B RSt RGP,

accept ail fix@edst therasfEB¥Rles ifetOlMuentd, th@ralcompbsdione¢aiRlse inchide MdjuBeitgeuch AL,
descri be pharnaceutlcally acceptable salts |n etail in J. Pharmaceutica
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acid, hydrobrom c acid, phosphoric acid, furic acid perchloric acid
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benzengidhd R R@dpnditkeMER@h SFor hi$ Phrbade@ny BRA®Fifed QN R lefhpldyBdRBRARE Synthetic
canphorsul fonate, citrate, n1yclopentaneproplonate di gl uconat e,
dodecynens pediglycesidpsn Headditoarfateacidsueiaseleis iridae 4ted In leprpr@penefdpigctables.
gl ycermﬂbgsF)h%@ injCHRORARRati A This Be EBlifered ht%pE)?alPtﬂﬁf; By H1E21RAWbEeh a bacterial-
hydr oi odi roxy et hanesul fonate, |actobionate, |actate, Taurate,
| auryl retgipircfilter, qlréw ancerporaing stelizingpgsatstie therfamn aheerile selidegompositions which can
2- naphg NalsQuasst dispBaiein sﬂéhﬁé%dté?%} therrHtérﬂé‘itnj%ctaQﬂa%Bﬁlm lﬂ-ﬁlt&‘ﬁs% pal mtate,
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met al ﬁﬁhﬁ ]ﬁa&&ﬁﬁ it he
i ke. Furt g%@%h Pﬁgggg%#gglk 5 acc pta ?Qﬂgg %&JS&H&% ltdMn 3
appr opvehigtee Injectatio depst dpmmsnare rrpadqdat Erming mipnesnEapsyle anatricasi ofethe gompernd in
forme y.d | te, te,
phospray Segfe BOLRED 3 5 ORGP ol DRy Pk 1 Kl Fisalihud! 6
descr i isdyines [rod ethe mh@reph%rhmmul%anquymacﬁemyam thecraivpels Fernpsms c§¢1648h gan be
Pr esenton kN ' Aty %?ﬁd'%@ﬁ hdegik! dfid
carri 2%0 " &%ﬁui\%ﬁfbl&g‘r} %&fbﬂdegraﬁ Rbl?lgg@u her elgltrtl &?thé?luxgpg&g%@wande%l I
sol veripepot dmr:mtm SfornyHation eare |al$qu|pdepm@ﬁ| by @ntrmpyrgertlsq eaAmppund u s dingioass afrds,
sur f aCicffnlNfon Bt orﬁrgégslgw.@ tREERLGes, t i ckening or enul si fying agents,
preservatives, solid % ers ubricants and the like, as suited to the
parti cl093] do§ageo$1mnmfdesctalerd vaBoni adgumst‘rasmﬁ’hwrmf@eabm wipposBeriesrvdueh can be
Si xt eq %&L:Jédd Finfhg fre Wi J}G%rdE R m(livﬂ}%mF Wit ElitABte G- mfr:a%%g Ff'i"ts ‘or Jc%@f)s
dISC| i Ous carrrers used o mul at ting ﬁarnaceu y accept abl e
corrpossucln mcmttmmtméwngﬂ)qub@ af soppasiay prag pdnnqhtamwhti hezrneb)ént tepopire but
i nsof I s
corrpoﬁlF] s of th qgﬁ%\?ﬁ%‘%l 4 th&g{of}é it rﬂ?% cci'!ﬁgl %Pg%ﬁﬁ%k‘ggsan\@na%féae&g@ ) Iatc)miec al
effecumomowﬂhermnse |nteract|ng in a deleterlous manner with any ot her
conpo s) rmaceuti cal.l e 0Si ts u
cont enSPasy S5, 6Bt FARIRE ol S RARRR SR GBS Ll mile hgiVaEs. o
mat er i grhraileshilc rsuclarsobda rdosagas fqninar II'&C euive calnippumt e phixkd evidarar ileass angcinertle,
eci ¢ i seis et R ST sl TP el rb ey oG eaene
such as phosphates gl ycine, sorbic acid, or potassium sorbate, partial
glyceride m xtures of saturated vegetable fatty acids, water, salts or
el ectrol ytes, such as protam ne sul fate, disodi um hydrogen phosphate,
pot assi um hydr ogen phosphate, sodiumchloride, zinc salts, coll oidal
silica, magnesiumtrisilicate, ponvinyI pyrrolldone polyacrylates waxes,



adm ni stered using any anount and any route of adm nistration effective for
treating the di sease. The exact anmount required will vary from subject to
subj ect, wopewdissyion t he speci es, age, and general con@CTius000f0036he

subj ect, the severity of the infectio¥, the particular agent, its node of
adm ni stration, and the |ike. The conpounds of the invention are preferably
formul ated in dosage unit formfor ease of admnistration and uniformty of
dosage. The expression "dosage unit form' as used herein refers to a
physically discrete unit of agent appropriate for the patient to be
treated. It will be understood, however, that the total daily age of the
compoulfEs A RaleERBST At SIS ISR BRESEr RSO, SHET R YR Fhckcicife B] BBGTDS b e
at t endisN@r XIS icaBoxynietiylcelliBseS GRRRAS] geR@HNSbIyRLliIHRolil e Bittrose, T4 acacia,

specific effective dose level for any particular patient or organismwl|
dependF) BpBFFtants,weh at glyearols dxfigipiegrating %ﬁif‘ﬁ%gj“‘thr?é s ey ecaﬂfévfﬂgarPP% eatRry

the seayfbdatsyar, alghtfic 6UidQ8AMAN slldfedGhd Yddivm efrbéda:, §p§ﬁl!|tfdncret§ﬂ|fﬂ:g0d~g@ﬂs such as
enpl oyed; the specific conposition enployed; the age, body ght, general

heal t Paraiia, Dapheorafien acgslcralogs ¥4k AT AR AT AR CORAAIAR < el g RECT G RICR A

adm ni g &x@ipRNeety? AR ok hfd §l§ce$éq%&1bkt%at@fh) hiBrbe e GhdhiaS k&SHHRAY Bshi&RIcRY Sfd
the duration of the treatnent; drugs used in conbination or cqincidental

wi th tihBbEgeEs spehasglfraleitm SrRisyBeEnesE sierris. Tolid Pabvethylens elxerltvsodivm davey!
medi cauifk tafid miiifrel MR, BRthk @iKe of capBulbs BB1eRehE bilis, HE a6k gfori Ma@lso comprise
preferably a mammal, and nost preferably a human. [0090] The

phar rré&'éfﬁ't“igca&leﬂ% accept abl e conpositions of this invention can be

adm nigberied ke LEmRRRIiBA0] HRklaARHIRLY aRS B 'eﬁﬁplo?@cpﬁﬁﬁllle)fs inPRFMl BhAlfied

i ntraci sternal ly, intravaginally, intraperitoneal topically (as by
powderaslatipi Gapswsst uingofuch rexpiRientshifc BF1oge °h§“‘é$n5lt8iﬂfaPS dfellnes Bigh gpelagplargyeigife
l'i ke, &%Q%@Qh@glyéms LHEIQh§P?1¥ee'Thé Yoliafdoldge fdrik 8FfableR A’-lege@g chpsaRb Sls, hfl S8EQI N
enbodi ment § e conpounds of the invention nmay be adnministered orally or
par ent@h &F Piepagd cm@;f@éthgé@eci shels sughstentsrio foq*@gwldt ?}h%nf@atfngsoveﬂdmy" ahthe
pr ef erglinacdiiesn BRRMALMg z{]:g/ Ty tr@ay%féﬁall%&oﬂﬁ'{d(gpacﬁffmg WRERE ind edYal¥e bORE aper
day, one or nore tinmes a day, to obtain'the desired therapeutic effect.

[ 0091]qemaﬁlepnd@§ta@éy felpate thoorctiye dneradientis) erlyapn anfqr%lnlmem eArtaigy parh gt the

i m t efreltRial RRAPRGRYUY, if 2l deYayBS GRRMADEQHI 08 LABSIdINY GnpBSHbSI tBiTan be used
sol utions, suspensions, syrups and elixirs. In addition to the active

corrpoundsde Robaneric SubstAnERSsHRE VaKeT HEliEYMRASIHERS of 4 NBHAr WPg Wanelso BeampIAYSE aised
i n therREdin $8t€4ha@ard-filld RHANRARule VAR subl exRIpas 22 UKRE bSmilR AlgPis! el a@%gh
agents and enul sifiers such as ethyl al cohol, isopropyl alcohol, ethyl

car borfaeleculas pight paleshylens slysels2pd theilikehol . benzyl benzoate, propyl ene

gl ycol [0068(}3 byhy L&ﬂg c&hly&lghs cal il HE Y Mfd%ﬁﬁlateg'fé)& ) oMrtlﬁ&yéﬂqplems as
cottonsee groun nut, corn, germ ol i ve, castor, and 37 sesane oils

gl ycernsted abeser Elmmhéflmag%foyms aﬂ taljpis draaseﬂ GAPBHGA, aills. i graghlss @md)efpsﬁpwd a6thd
ester scoQtfing§ Qﬁ@éhkmucﬁﬁkden@r?&t&ﬁtﬁ% r%is@@émroﬁﬁ%‘cgﬁﬁl 5 Qﬁf&hg'c'oh{ﬁfgg Well k}?&vrpﬁ]al
conposl tions can also i1 nclud uvants such "as vvett| ng agents enmul si fyi ng
and subppisanarguiisgbliersulatingesy brsuakysolifdasage farms theiseti yserompaindgnaydirgdmixed wit

[ 0092] i HaGCn@ et RERALAT ALOMBrosd, MctR¥ BPRhRh. StkRUblage 'f(er@%a@Qalls% RBARL s RN
ol eagi nous suspensi ons nay be fornmul ated according to the known art using

sui t abloamyj rrpriice;j arlitipnak \aiibstangss et thang HYrtsdivrifde-Bg teietipgslubrigaatssandr other

i nj ect@fligRiRRALRE RABnd¥RYn &kate BRA Fidb&dtdifnd JHHG]%E@% SheSQAbdIbe &Psules tablets
suspension or enulsion in a nontoxic % arenteral |y acceptabl e uent or

sol verand pflisy the dessps formg gay alsgicampiiss bufferingzagsnts aHsy iy opApRMY corain fpecalyingb| e
vehi cl a%@nt?-!ﬂﬁll GARLNGBE &t 4 Mpoﬁﬁ&n Gt @EWeMQQh@Jcﬁvmrg%xen&)%@r onSprét@JeHltldlgnm
U.S.P. "and 1sotonic sodium chloride 'sol ution. dition, sterile, fixed
oi | s a eergihpart oo gl Injesting)| mﬂédoe@sonall)'solnverﬁeladfsd srnemernoﬁwglpiﬁéd@fuﬁmb@drng
thi's RUERESHEorR Wat pzln%dxséd ﬁﬂagdé)ﬂdlylﬁé}ﬁ sPGtRBRIAY Gdxdsncl udi ng synt hetic nono-
or diglycerides. In addition, fatty acids such as oleic acid are used in

t he prl@é&?lat i Besage formsefor Abpiead or [tODSRTTFH eadimifjistoatial |06 af emmotiad ob s dwvAntise
steril X f

fil terlhg]g& %fn?xl{eﬁfgoﬁ%%lrs a“frle %MS s}%tec?n%’l %élso ogvgérggéta’gl tii%rrllptas ﬁh?% d?‘l‘rﬁ-l%#seér?fedr%l g ]ehc?l id
conposictiveotesipahdng ks aﬂanxeldemdwmilwe@d@lpndwslpe phartha¢eyticallyrac¢eptahbet carriep andoartyer

steril b QF

o Feer ol RFELERLE PR i Bue8 o RBRRAL 55 R SE Ll
sl ow t he absorption of the conpound from subcut aneous or intranuscul ar
injection. This may be acconplished by the use of a |iquid suspension of
crystalline or anorphous nmaterial with poor water solubility. The rate of

absorption of the conpound then depends upon its rate of dissolution that,
|n turn may depend upon crystal 5| ze and crystal I | ne form Alter natlvely,

o o o o o o M. o -, o



prepared by m xi ng the conpounds of this invention with suitable
non-irritating excipients or carriers such as cocoa butter, polyethylene
gl ycol orwe smpiseriit ory wax which are solid at anbi ent tPrempscavoozsobut
liquid at body tenperature and theref¥re nelt in the rectum or vagi nal
cavity and rel ease the active conpound. [0096] Solid dosage fornms for oral
adm ni stration include capsules, tablets, pills, powders, and granules. In
such solid dosage forns, the active conpound is mxed with at | east one
inert, pharmaceutically acceptable excipient or carrier such as sodi um

C|trate or dical cium phosphate and/or a) 38 fillers or extenders such, as
st ar c Y, iRl ass feipg Qwithiny |the: seape ofglhisi pyntionnfdditipnally c thg presenty Inveitipger s

such aswntehlate® R &f thandemid PRIAYY, Gidha08 the AMEH RdaRGge BEPRYVidihg controlled
| pyrrolidinone, sucrose, and acacia, c) humectants such as

pol yvi

gl ycer@?ﬁverw)of a.cgmﬁ?l@grtaﬁhengodagém%d%e@hfoags dte- madeaby disselvineueh disneptngths,
pot at Ocoﬂ{poﬁrﬂipinotﬁ@- pfpdf mBdiuAl glb@d)rﬁn@nc bthan@®' &l dhsoShd L&a! 18 SncréRél uROHhUBT the
car bonat e, %? lution retard |n% agents such as paraffin, f) absorption
accel ORPEY %{%h‘haék‘QUﬂteéﬁﬁéﬁy amﬂlmh@%bmﬁuémggf\)ra‘ﬁé%trwgag@m@nesﬂch
as, fq;(ﬁﬁgﬁmggwcgﬁ%y&mqhg gghwaﬂgugkyggrol nonost earate, h) absorbents
such as kaolin and bentoni e clay, and’i) lubricants such as talc, calcium
st ear d08100}sgVhjleupnes peanere eof dhsi indensiveyeampphedsemgy yheohised o @n Lapplieatio| of
sul T al fonRithole Irth: §idoRRE Sfleasel & shifyofid Sy AlsoGRBSH R84 il @omb%a%o@mraw S

t he dosage f orn1nay al so conpri se er|n§ gent's. [0097] S

conposVhirtoihg ugst ofzaingnyentive campeendrar compostipre (tearrienietkeny i ¢qmterr6§ wxrrh o tise efnd
har d- fdde'o?ﬁao&eétﬁér'd{brﬁ)@ﬁ&bﬂ ks Yot tRGURD sa‘?ﬁ%calnH}o? Bihér (?5es|d’i‘9§s81%€rs £yn{Pt$d§s a%‘dgar
as well as |gh nol ecul ar melght polyet hyl ene g§y S and Ik

sol i d Hisexge Fompipatin thgmpptigcludpsaadaigistratiop seff thefapgusic zgeats gmmrreélgy c%'{n
be pr eslé&ﬁe%ﬁ'all’)‘ﬁ tl&lt&%ﬁwel}?%eaﬁﬂra%@ﬁlc eRtdGlin 37 @Ritffel CGinGO&e! &ﬂnﬁ)o%gn QG is
coatings well" known in“the pharmaceutical fornulating art. They may
opt|oﬁépvwﬂgéﬁﬂéh%m@$EC|fylng agents and can al so be of a conposition that
they r e g , r i C ain
part OPUFPES, M EngERY R RORE LoRBhm i inRhid FLILEN i Srtoinachf e ghie
enbeddhergpeyinpasnist sugtnas qthmtmlulawrmf li'léléd In sreieyaaabogioneopives campouhd ofathe xyentrog
WaXES. js 3] ii,h &”H%+thc31%ﬁ th ?ﬂékég‘b&tﬁra EYRE1TBY i e F‘qug%Bhs%(ﬁg o@%ytf){okicer S
in soft and d-fi gelatin capsul €s using suc ients | 'act ose
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39 also contenplated as being within the scope of this invention.
Additionally, the present invention contenplates the use of transdernal

pat ches, wbi2o0y/13ame t he added advant age of provi di ng comrCralsbed/oasb? very of
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PROCEDURES [ 00104] 1. PREPARATI ON OF E)gI)E LARY COMPOUNDS:

[0010F ¥ i nitions 40 AcCHABWetedimiRstdraagstisedd onitril e

EtOAc ethyl acetate

EtOH ' ethanol

FA formic acid

FBS fetal bovine serum

h hours

HATU N, N, N, N’-tetramethyl-o-(7-azabenzotriazole-1-yl)uronium
hexafluorophosphate

HBTU o-benzotriazol-1-yl-N, N, N, N’-tetramethyluronium
hexafluorophosphate

HEPES N-(2-Hydroxyethyl)piperazine-N'-(2-ethanesulfonic acid)

HOBT 1-hydroxybenztriazole hydrate

HRMS high resolution mass spectrum

LAH lithium aluminum hydride

LCMS liquid chromatography mass spectrum

m/z mass to charge



ATPadenosi ne tri phosphat e BCAbi ci nchoni ni ¢ aci d BSAbovi ne serum al bum n
BOCt ert - but oxycar bonyl m CFBAmM chl or oper benzoi ¢ aci d DCEdi chl or oet hane
DCMi chl oworretdnaws1 DDQ2, 3- di chl or 0- 5, 6- di cyano- 1, 4- benz @Gmiuseee/003607

Dl PEAdi i sopr opyl et hyl am ne DMEMDul bedco's Modified Eagle's Medi um DVFN,
N-di et hyl f or mam de DMFDVAN, N-di net hyl f or mam de di net hyl acet al

DvBQdi net hyl sul f oxi de DPPAdi phenyl phosphoryl azi de DTTdithiothreitol

Me methyl

MeOH methanol

min minutes

MS mass spectrum

MTT methylthiazoletetrazolium

MWI microwave irradiation

PBS phosphate buffered saline

PKA cAMP-dependent protein kinase
rt room temperature

TEA triethylamine

TFFA trifluoroacetic anhydride

THF tetrahydrofuran

TMB 3,3',5,5'-Tetramethylbenzidine
WST (4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2 H-5-tetrazolio}-1,3- benzene

disulfonate sodium salt)

[00106] Analytical LC-MS Methods
[00107] LCMS conditions
[00108] Spectra were run on a Phenominex Luna 5um C18 50 x 4.6 mm column on a Hewlett-
Packard HP1100 using the following gradients:
- Method Formic Acid (FA): Acetonitrile containing O to 100 percent 0.1 % formic acid in water
(2.5 ml/min for a 3 minute run).
- Method Ammonium Acetate (AA): Acetonitrile containing 0 to 100 percent 10 mM ammonium

acetate in water (2.5 ml/min for a 3 minute run).

[00109] Example 1: Synthesis of 4-(2,4-dichlorophenyl)-2-morpholin-4-yl-5-(4H-1,2,4-triazol-3-
yl)thiophene-3-carbonitrile (Compound 1-25)
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[00110] Step 1: 3-morpholin-4-yl-3-thioxopropanenitrile

[00111] To a solution of 3-morpholin-4-yl-3-oxopropanenitrile (3.0 g, 19.5 mmol) in anhydrous THF
(45 mL) was added Lawesson’s reagent (4.2 g, 10.3 mmol). The reaction mixture was allowed to stir at rt
for 16 h and was then concentrated to small volume. A solid precipitated and was filtered. The solid was
washed with diethyl ether to give 3-morpholin-4-yl-3-thioxopropanenitrile (2.3 g, 70 %). LCMS: (AA)
ES+ 171.2. '"H NMR (400 MHz, d;-chloroform) 8: 4.29-4.27 (m, 2H), 4.00 (s, 2H) and 3.83-3.81 (m, 6H).
[00112] Step2and 3: Ethyl 4-cyano-3-(2,4-dichlorophenyl)-5-morpholin-4-ylthiophene-2-
carboxylate

[00113] A solution of 3-morpholin-4-yl-3-thioxopropanenitrile (0.150 g, 0.88 mmol) in anhydrous
ACN (1.2 mL) was cooled to 0 °C. To this cooled solution was added of 2,4-dichlorobenzoyl chioride
(0.149 mL, 1.06 mmol) and DIPEA (0.161 mL, 0.93 mmol). The mixture was allowed to stir at rt under
nitrogen for 15 min before ethyl iodoacetate (0.110 mL., 0.93 mmol) and DIPEA (0.161 mL, 0.93 mmol)
were added. The reaction mixture was subjected to MWI at 140 °C for 10 min. The mixture was allowed
to cool and was concentrated. The residue was purified by column chromatography to give ethyl 4-cyano-
3-(2,4-dichlorophenyl)-5-morpholin-4-ylthiophene-2-carboxylate (0.1 g, 28 %). LCMS: (AA) ES+ 411.
'H NMR (400 MHz, d;-chloroform) &: 7.49 (d, 1H), 7.33 (dd, 1H), 7.20 (d, 1H), 4.16-4.08 (m, 2H), 3.89-
3.85 (m, 4H), 3.66-3.63 (m, 4H) and 1.12 (t, 3H).
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[00114] Step 4: 4-cyano-3-(2,4-dichlorophenyl)-5-morpholin-4-ylthiophene-2-carboxylic acid
[00115] To a solution of ethyl 4-cyano-3-(2,4-dichlorophenyl)-5-morpholin-4-ylthiophene-2-
carboxylate (0.060 g, 0.15 mmol) in THF/MeOH/water (2:1:2) (5 mL) was added sodium hydroxide
(0.061 g, 1.5 mmol). The reaction mixture was allowed to stir at rt for 20 h and was concentrated. The
residue was acidified with 1N HCl and was extracted with EtOAc. The organic solutions were combined,
washed with brine, dried over MgSO,, filtered and concentrated to give 4-cyano-3-(2,4-dichlorophenyl)-
5-morpholin-4-ylthiophene-2-carboxylic acid (0.034 g, 62 %). LCMS: (FA) ES+ 382.9. 'H NMR (400
MHz, de-DMSO) &: 7.75 (d, 1H), 7.50 (dd, 1H), 7.39 (d, 1H), 3.79-3.74 (m, 4H) and 3.61-3.55 (m, 4H).
[00116] Step 5: 4-cyano-3-(2,4-dichlorophenyl)-5-morpholin-4-ylthiophene-2-carboxamide
[00117] 4-Cyano-3-(2,4-dichlorophenyl)-5-morpholin-4-ylthiophene-2-carboxylic acid (0.050 g, 0.13
mmol), HOBT (0.037 g, 0.274 mmol) and EDCI (50 mg, 0.261 mmol) were suspended in DCM (6.5 mL).
After 30 min the reagents dissolved. To the resulting solution was added concentrated aqueous ammonia
(0.26 mL, 6.5 mmol) and the solution was allowed to stir vigorously at rt overnight. The reaction mixture
was concentrated and the residue was diluted with IN HCIl and extracted with EtOAc. The organic
solutions were combined, washed with sat NaHCO; and brine, dried over MgSO, filtered and
concentrated to give a brown solid. The solid was triturated with hexanes and cold EtOAc to give 4-
cyano-3-(2,4-dichlorophenyl)-5-morpholin-4-ylthiophene-2-carboxamide (0.024 g, 49%). LCMS: (AA)
ES+ 382, ES- 380. '"H NMR (400 MHz, d;-DMSO) 8: 7.78 (s, 1H), 7.54 (d, 2H), 7.43 (d, 2H), 3.79-3.77
(m, 4H) and 3.55-3.52 (m, 4H).

[00118] Step6: Synthesis of 4-(2,4-dichlorophenyl)-2-morpholin-4-yl-5-(4H-1,2,4-triazol-3-
ylthiophene-3-carbonitrile

[00119] A mixture of 4-cyano-3-(2,4-dichlorophenyl)-5S-morpholin-4-ylthiophene-2-carboxamide
(31.6 mg, 0.0000827 mol) in 1,1-dimethoxy-N,N-dimethylmethanamine (1.0 mL, 0.0075 mol) was
flushed with argon and then irradiated in microwave at 160 °C for 60 min. The reaction mixture was
concentrated to give 4-cyano-3-(2,4-dichlorophenyl)-N-((dimethylamino)methylene)-5-
morpholinothiophene-2-carboxamide as intermediate (31mg, 86%). LCMS: (FA) ES+ 437.13. 'H NMR
(400 MHz, d-DMSO) &: 8.34 (s, 1H), 7.69 (d, 1H), 7.47 (d, 1H), 7.33 (d, 1H), 3.79-3.74 (m, 4H), 3.59-
3.54 (m, 4H), 3.07 (s, 3H), 2.72 (s, 3H). To the above intermediate in AcOH (1.8 mL, 0.032 mol) was
added hydrazine hydrate (50 mg, 0.001 mol). The mixture was flushed with argon and then irradiated in
microwave at 120 °C for 20 min. The mixture was concentrated to remove most of the solvent. Water was
added to the residue and the precipitate was collected, washed with water, dried to afford 4-(2,4-
dichlorophenyl)-2-morpholino-5-(4H-1,2 4-triazol-3-yl)thiophene-3-carbonitrile (12.8mg, 55%). LCMS:
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di sul fonate sodiumsalt) [00106] Anal4#tical LC-M5 Met hods [00107] LCMS
conditions [00108] Spectra were run on a Phenom nex Luna Sum C18 50 x 4.6
nm col um on a Hew ett-Packard TIP! 100 using the follow ng gradients: -
Met hod Formc Acid (FA): Acetonitrile containing O to 100 percent 0.1 %
formc acid in water (2.5 mM/mn for a 3 mnute run). - Method Ammoni um
Acetate (AA): Acetonitrile containing O to 100 percent 10 nM ammoni um

acet at @A) ESndp@r 1 (E8- 30f LmFhNME: (490 M. RMSQhy:. 1400005D, Bdripl dD17.74 (,

Synt hegiysy &f @274 @d,QHB,%%%M&)4H§:§T%-P.§PM,Q}6: 31-5-(4H1,2,4-triazol - 3-
y1)t hi ophene-3-carboni'tril e (Conpound 1-25) 42 "NC. %
[00120] Compounds in the following table were prepared from the appropriate starting materials in a

method analogous to that of Example 1:

4 LCMS: (FA) ES+449.95.
8 LCMS: (FA) ES+ 387.99.
10 LCMS: (FA) ES+402.
12 LCMS: (FA) ES+434.
18 LCMS: (FA) ES+ 440.14.
26 LCMS: (FA) ES+434.

[00121] Example 2: 4-(2,4-dichlorophenyl)-2-(2-(fluoromethyl)morpholino)-5-(4H-1,2.4-triazol-
3-yl)thiophene-3-carbonitrile (Compound 1-11)
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[00122] Step 1: Ethyl 3-amino-4-cyano-5-(methylsulfanyl)thiophene-2-carboxylate

[00123] A mixture of [bis(methylsulfanyl)methylene]malononitrile (40 g, 230 mmol),
ethylthioglycolate (29 g , 230 mmol) and TEA (24 mL, 173 mmol) in MeOH (600 mL) was allowed to
stir at reflux for 2 h. The reaction mixture was allowed to cool overnight and the precipitate was filtered
off, washed with cold MeOH (3x50 mL) to give ethyl 3-amino-4-cyano-5-(methylsulfanyl)thiophene-2-
carboxylate (52.4 g, 99 %). LCMS: (FA) ES+ 275.

[00124] Step 2: Ethyl 4-cyano-3-iodo-5-(methylsulfanyl)thiophene-2-carboxylate

[00125]  Ethyl 3-amino-4-cyano-5-(methylsulfanyl)thiophene-2-carboxylate (10 g, 41.3 mmol) was
dissolved in acetonitrile (50 mL) under atmosphere of argon. Diiodomethane (11.6 mL, 0.144 mol) was
added and the mixture was heated at 40°C. Isoamy! nitrite (12.1g, 0.103 mol) was added and the reaction



mol ), HOST (0.037 g, 0274 mml) and EDCI (50 ng, 0.261 mmol) were
suspended in DCM (6.5 nL). After 30 mn the reagents dissolved. To the
resul ti ngweahaisersiwas added concentrated agueous amoniPQT(UB2@8/00d607 6. 5
mmol ) and the solution was all owed totstir vigorously at rt overnight. The
reaction m xture was concentrated and the residue was diluted with IN HC1
and extracted with Et0Ac. The organic solutions were conbi ned, washed with
sat NaHCO3 and brine, dried over MgJSO4 filtered and concentrated to give a
br own solid The solid was triturated with hexanes and cold EtOAc to gi ve
4- cyano-3 di chl or opheny1) - 5- mor phol i n t hi ophene- 2- car boxam

(0. 024%%, a"ay@;é to CE@\?E“’OPA‘E?‘PESLP’%%‘Q S“E%i ogééouranW @%@0 Owaet%ézs%uteg
7.78 (with Addane (BO%X'&M tHé"})r,emZ}teﬂ@ »\ngﬁ]tgr%a off Swdshed with 101 hedfe- @%nﬁdé@m&uéz

(m 4|—2 [00118] Step 6 S}/nt esi
4- (2, A4Qindny drlosmansyether 41 %ﬁ%ﬁm’ .h?-ﬁa&e 10 39 APherprecipitater was diedato afford ethyl 4-

yht hi %Bmﬁxﬁownmrylstu[fhﬁﬁm{l dd)- cﬁbmyﬂtél(@oog‘ 45%) LCMS (FA) ES+ 354. 'H NMR

4- cyano 3- -di chl oro§ - 5-nor pholi n- i ophene- 2- car boxam de (31.6

nmg, 0.@00 7dlrﬁ*)"ll‘)f0ﬁ°ﬁn)l i»”&i(chéﬁl%o?x"ﬂp (s, 3D} %zw)net hanam ne (1.0 nL, 0.0075
rml 211 V@ﬁ]r%(gusﬁ?e é“ﬁﬁ‘ylﬂr ?9{6 ?ﬂﬁoﬁg‘&%thﬁ&ﬁﬂng@&%ﬁ@nﬂ CLDORMGeat 160 C for

reaction ‘mxture was concentr at
4 cyar{@032'(]2 Etlgil chtyanofhedoyi- §m¢th3(l(ldlﬁanfllthybl&:m-ﬂ@)tmxﬁg¢ dig) g520.4 mmol) was

o adsREd S ERRRRcE, 655 R T Qoftu I ERRR B 5% s iy i Wy 16 .
(d, 1H)‘Jact16n 33xt(1[¢ wabldired 3t i Qv&night. (Smhuzhl-d)llﬁte(SBBl-g 3054111@1(111) wabipdded, irred $or IBH) |

2.72 .

added Tpupslnel® SRR E poll AR (o G by T st St B el

ar gon fanthourend ﬁherraﬂthatughl c¢lne mashedmmel)@M ah@ ﬂleGol‘vcrrt w2 evdporatefitie afford ethyE3-was
and t N5 Eiers RIRIEIORT I Gheh <R ERL (o Bl PERETNEERER £S 1 RN
4_42 4-(400 MHz, d;-chloroform) 3: 4.45 (q, 2H), ?;38 (s, 3H), 1.43 (t, 3H).

e (120BFAA"E S 5 B Sy - hhorainiih b otalne i aothh b pe s o
d6 DVHOD13] 14& Qﬁxﬁﬁe oi—Wthyfﬁ Adyan8-3-ibddh (mgth)ﬁélul(oﬂ l)tﬂnld})henZ—ZAchKoﬂylatlFWIS 7m§1

ounds_in

> ova%Sts PR P S S R LRI AOShEUC D s oA 210 Ry

met hody govalneg e STHO(7 hat, RbssExahefldshedtwithMpon afdtheiehted409@8C oerhifdhSrhe
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reaction mixture was concentrated and purified by column chromatography to give ethyl 4-cyano-5-(2-
(fluoromethyl)morpholino)-3-iodothiophene-2-carboxylate (288mg, 36.4%). LCMS: (FA) ES+ 425, 'H
NMR (400 MHz, d,-chloroform) &: 4.57 (d, 1H), 4.46 (d, 1H), 4.34 (q, 2H), 4.12-4.05 (m, 1H), 4.02-3.77
(m, 4H), 3.34-3.25 (m, 1H), 3.22-3.14 (m, 1H), 1.37 (t, 3H).

[00130] Step 5: ethyl 4-cyano-3-(2,4-dichlorophenyl)-5-(2-(fluoromethyl)morpholino)thiophene-
2-carboxylate

[00131] A mixture of ethyl 4-cyano-5-(2-(fluoromethyl)morpholino)-3-iodothiophene-2-carboxylate
(288 mg, 0.000679 mol), 24-dichlorophenylboronic acid (262 mg, 0.00137 mol),
tetrakis(triphenylphosphine)palladium(0) (51 mg, 0.000044 mol) and sodium carbonate (220 mg, 0.0021
mol) in water (3 mL, 0.1 mol) and 1,2-dimethoxyethane (10 mL, 0.1 mol) was flushed with argon and
then irradiated in microwave at 140 °C for 12 min. The reaction mixture was filtered and concentrated in
vacuum to afford ethyl 4-cyano-3-(2,4-dichlorophenyl)-5-(2-(fluoromethyl)morpholino)thiophene-2-
carboxylate (300mg, 99%). LCMS: (FA) ES+ 443.15.

[00132] Step 6: 4-cyano-3-(2,4-dichlorophenyl)-5-(2-(fluoromethyl)morpholino)thiophene-2-

carboxylic acid



12 LCVB: (FA) ES+ 434. 18 LCMS: (FA) ES+ 440.14. 26 LCMS: (FA) ES+ 434.
[00121] Exanple 2:

4- (2, 4- diwbl200903mmy 1) - 2- (2- (f | uor onet hyl ) nor phol i no) - 5PCERFS2002/0d360T | azol-
3-yflthiophene-3-carbonitrile (Conmpouid |1-11) 45 [00122] Step 1: Ethyl
3- am no- 4- cyano- 5- (net hyl sul fanyl ) t hi ophene- 2- car boxyl ate [00123] A m xture
of [bis(nethyl sul fanyOret hyl ene] mal ononitrile (40 g, 230 mml),

et hyl t hi ogl ycolate (29 g , 230 mmol) and TEA (24 nL, 173 mmol) in MeOH (600
m.) was allowed to stir at reflux for 2 h. The reaction m xture was all owed
to cool overnight and the precipitate was filtered off, washed with cold

MeoH (BOEBIM A to gi vexernyl 3- i no- 4- Edno- 5- ( HebRye-3ud-faishloreripdhafe- 2-

car boxyilb et PIméPhol ) ibphehENBarbokte 500 A¢.50.00054 mol), Sodium hydroxide (0.12 g,
0.0030 mol) in EtOH (10.0 mL, 0.171 mol) and water (3.0 mL, 0.17 mol) was stirred at rt until
completion by LCMS. The mixture was concentrated and the residue was acidified by INHCIL. The
precipitate was collected and dried in air and vacuum to afford 4-cyano-3-(2,4-dichlorophenyl)-5-(2-
(fluoromethyl)morpholino)thiophene-2-carboxylic acid (225mg, 99%). LCMS: (FA) ES+ 415, ES- 413.
[00134] Step 7: 4-cyano-3-(2,4-dichlorophenyl)-5-(2-(fluoromethyl)morpholino)thiophene-2-
carboxamide
[00135] A mixture of 4-cyano-3-(2,4-dichlorophenyl)-53-(2-(fluoromethyl)morpholino)thiophene-2-
carboxylic acid (68.0 mg, 0.000164 mol), 33% ammonium hydroxide (33:67, ammonia:water, 0.1416
mL), EDCI (94.2 mg, 0.000491 mol) and 1-HOBT (66.4 mg, 0.000491 mol) in DCM (7 mL, 0.1 mol) was
stirred at rt overnight. The reaction mixture was diluted with DCM and washed with water, the organic
layer was dried and purified by column chloromatography to afford 4-cyano-3-(2,4-dichlorophenyl)-5-(2-
(fluoromethyl)morpholino)thiophene-2-carboxamide (38 mg, 56%). LCMS: (FA) ES+ 414, ES- 412; 'H
NMR (400 MHz, d;-chloroform) &: 7.59 (d, 1H), 7.42 (dd, 1H), 7.31 (d, 1H), 6.00 (s, 1H), 4.50 (dd, 2H),
4.12-4.08 (m, 2H), 4.00-3.78 (m, 4H), 3.36-3.25 (m, 1H), 3.22-3.15 (m, 1H)
[00136] Step 8: 4-(2,4-dichlorophenyl)-2-(2-(fluoromethyl)morpholino)-5-(4H-1,2,4-triazol-3-
yhthiophene-3-carbonitrile
[00137] A solution of 4-cyano-3-(2,4-dichlorophenyl)-5-[2-(fluoromethyl)morpholin-4-yl]Jthiophene-
2-carboxamide (38 mg, 0.000092 mol) in 1,1-dimethoxy-N,N-dimethylmethanamine (2.0 mL, 0.015 mol)
was irradiated in microwave at 160 °C for 40min. The solvent was removed and the residue was dissolved
in AcOH (1.6 mL, 0.028 mol). Hydrazine monohydrate (0.3 mL, 0.006 mol) was added and the mixture
was irradiated in microwave at 120 °C for 10min. The reaction mixture was concentrated and the residue
was treated with water, the solid was collected, dried to afford 4-(2,4-dichlorophenyl)-2-(2-
(fluoromethyl)morpholino)-5-(4H-1,2,4-triazol-3-yl)thiophene-3-carbonitrile (23.5mg, 60%). LCMS:
(FA) ES+ 438 , ES- 436 ; 'H NMR (400 MHz, d,-DMSO) §: 8.01 (s, 1H), 7.57 (d, 1H), 7.39 (dd, 1H),
7.32 d, 1H), 4.59 (t, 1H), 4.47 (t, 1H), 4.08-4.01 (m, 1H), 4.00-3.81 (m, SH), 3.32-3.20 (m, 1H), 3.18-
3.09 (m, 1H).
[00138] Compounds in the following table were prepared from the appropriate starting materials in a

method analogous to that of Example 2:

3 LCMS: (FA) ES+434.
7 LCMS: (FA) ES+ 438.
9 LCMS: (FA) ES+434.




[00124] Step 2: Ethyl

4- cyano- 3-i odo- 5- (et hyl sul fanyl ) t hi ophene- 2- car boxyl ate [ 00125] Et hyl

3- ani no- woyamorssHi et hyl sul f anyl ) t hi ophene- 2- car boxyl areT(B2009/003687 3 Mol )
was di ssolved in acetonitrile (50 rnl48 under atnosphere of argon.

Di i odonet hane (11.6 nL, 0.144 nol) was added and the m xture was heated at
40C. Isoanyl nitrite (12.1g, 0.103 nol) was added and the reaction 46 was
allowed to cool to roomtenperature and stirred for 2 hours. M xture was
cooled down at 0OC, diluted with hexane (50 ml) and the precipitate was
filtered off washed with 10:1 hexane-acetonitrile mxture (10 m) 31
hexanel4et her (10 nl) LaIMSt(EAaEm@:{AO rnL) The preci pi tate was dried to
af f org, gthyl—4-——<ya hytsut fanyi jthiophene-2-Tar boxytate
(6.90L_45% | COME: qﬂéﬂ# g)r%%% %4 1 NMR (400 Mz, di-chloroform 8:
4.38 (7 2H), 2.70 (S,CMﬁ)(FAlE&OGBS 3H) [00126] Step 3: Et hyI

4- Cyangﬁ_l‘trdo‘-ﬂ-(nf T ophene- 2-car boxytate {00127 Ethyt—
4-cy = 3-10do-5-( Lerr"y}\flgtiFf\gE%Taiﬁ hi ophene-2-carboxylate (7.2 g, 20.4 nmal)
was di ssolved in DCM]_(QMQ (HA)Esndsgl'HE (100 nL) and m CPBA (9.14 g, 40.8
mol ) Fyes—added—The 1 Uy re was stired at—rtovermght—Sodium
sul fit® (5.14 g. 40. é‘f%t(fx\tEé géﬁﬂed. stirred for 10 mnutes followed b
addi ti on of potassium carbonate (8.45, 61.2 mmol ). The suspensi on was
stirred at rt for 1 hour and filtered through celite, washed with DCM and

the s 0 t r th

i odo- Zﬂgf/artom?f ne'f E $ tF‘fs(l)sn%? ?6’8 hgoﬁeg lke“gg 23<(h¥dm’éy'?%h§le)m greholig 4'ylt%lv5:
(FA) E(SH-B&G—trnhidl-mlyﬂtl(ndﬂ&nmazqarmmhﬂo((aﬁandﬂ.24) 45 (g, 2H), 3.38 (s 311),
1.43 (t, 3 [00128] Step 4: Ethy)
4- cyano- 5- (R (f l,uor onet hyl ) nor phol N0)
[00129] A m e of et hyNaOH
4- cyano- 3-Ngedo e fIret’hy| sul fonyet M. EPHARAT s (7 NBD186
mol ), 2-(fl uoPo hyl ) mor phol i ne hydroclg ori de (348 ng, 0.0022 ) and
TEA (1.0 nmL, 0.0072 nol) in THY (7.1 nth, 0.088 nol) was flushed with argon
and t hen heat ed at 90 C overnight. The reaction m xture was concentrated
and purified by colum chronat ography to e, et hyl 4-cyano-5-(2-

(f 1 uor onmet hyDmor phol i no) - 3- iyodot hi ophene- % [oF: rboxyl ate (288nmy,
LCMS: (FA) ES+ 425, 'HNIVR( 0 Mz, d,seh orm) 6: 4. T

(d, 1H), 4.34 (g, 211), 2- #45 %m 1H), .77 (m \- 1
(m 111), 3. ZZMSPE%‘m 11 o N (‘t, 00 30] Step S/ &
4- cyano- 3- (2, 4-di ch oropheﬁy?) 5-p2- (f1 uororret hé|)rmrphq§'§g,n(§
boxyl ate [00131] A mi xture of ethyl

4- cyano- 5- (2- (f | uor onet hyDnor phol i no) - 3- i odot hi ophene- 2- car boxyl ate (288
ng, 0.000679 nol), 2,4-dichlorophenylboronic acid (262 ng, 0.00137 nol),

Q

-,3- i odot hi ophene- 2- cafjoxy| at e

tetrakis(triphenyl phOSphI ne) pal I adign(0) (51 ngy, 0.000044 nol) apd sodi um
carbonate (2 ng, 0.0021 ngl ¢ ter (3 n, 0.1 nol) apdy
1, 2-di net hoqyet hara (10 m_, ) was flushed with arg hen

irradi ated i rowave a 14' \

f
filtered and—concgatrat [ gﬁ'zt MH‘;?H
4- cyano- 3- (2, 4-di chl or opNetly1) - 5- 62- (f | uor onet hyl ) norp mo)thm-dbhene 2-

car boxyl ate (300ng, 999 . CI\/B (FA) ES+ 443. 15.

12 aypvFOMAe reactl on m urevaas

OH

[00140] Step I1: 4-cyano-3-iodo-5-(methylsulfanyl)thiophene-2-carboxylic acid

[00141] To a solution of ethyl 4-cyano-3-iodo-5-(methylsulfanyl)thiophene-2-carboxylate (3.40 g, 10
mmol) in tetrahydrofuran (80 mL) and water (16 mL) was added a solution of 1.00M sodium hydroxide
in water (30 mL). The solution was allowed to stir overnight. The reaction was quenched with a solution
of IN hydrogen chloride in water (50mL) and diluted with water (400 mL). The resultant precipitate was
filtered, washed with water (2 x 100 mL) and dried in a vacuum oven to give 4-cyano-3-iodo-5-
(methylsulfanyl)thiophene-2-carboxylic acid (2.6 g, 79%) as a white solid. LCMS: (FA) ES+ 326. 'H
NMR (400 MHz, ds-DMSO) &: 14.1-13.8 (bs, 1H), 2.75 (s, 3H).



[00132] Step 6:

4- cyano- 3- (2, 4-di chl orophenyl) - 5-(2-(fl uoronet hyl ) nor phol i no) t hi ophene- 2-
car boxyl iwO2009d154 747 PCT/US2009/003607

[ 00133] Am xt ur eof et hyl 4- cyano- 3- (2, 4-49i chl or ophenyl) - 5- ( 2-

(f 1l uoronet hyl ) nor phol i no) t hi ophene- 2-car boxyl ate (300 ng, 0.00054 nol),
Sodi um hydroxide (0.12 g, 0.0030 nol) in EtOH (10.0 tnL, 0.171 nol) and
water (3.0 nL, 0.17 nol) was stirred at rt until conpletion by LCMS. The
m xture was concentrated and the residue was acidified by INHCL. The
precipitate was col lected and dried in air and vacuumto afford

4- cy a,{g(}g&@ 2, AtegiZe Hrcgpgbhwlé-(rgetpglsulfanyl)thlophene-Z-carboxamide

(fluor yl Lnp) fehi i 3 24 %.. ;
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Exanpl[e0R46]3 Step 4: 4-cyano-3-(2,4-dichlorophenyl)-5-(methylsulfonyl)thiophene-2-carboxamide
[00147] 4-cyano-3-iodo-5-(methylsulfonyl)thiophene-2-carboxamide (0.500 g, 140 mmol),
bis(dibenzylideneacetone)palladium (0.040 g, 0.0700 mmol), bis(2-diphenylphosphinophenyl)ether
(0.057 g, 0.100 mmol), and potassium phosphate (0.596 g, 2.81 mmol) were suspended in 1,2-
dimethoxyethane (10.0 mL) and N,N-dimethylacetamide (5 mL). The suspension was flushed with argon
and the reaction mixture was irradiated in microwave at 150 °C (300 watts) for three hours. The reaction
mixture was concentrated in vacuo and column chromatography was performed to yield the title
compound (0.080 g, 14%) as beige foam. '"H NMR (400 MHz, dsmethanol) &: 7.71-7.69 (m, 1H), 7.52-
7.50 (m, 2 H), 3.46 (s, 3H).
[00148] Step 5: 4-cyano-3-(2,4-dichlorophenyl)-5-[2-(hydroxymethyl)morpholin-4-yljthiophene-

2-carboxamide



LCMB: (FA) ES+ 434. 7 LCMS: (FA) ES+ 438. 9 LCMB: (FA) ES+ 434. 48 14
LCVS: (FA) ES+ 434. 15 LCMS: (FA) ES+ 420. 17 LCVS: (FA) ES+ 368. 32 LOMVS:
(FA) ES+ WB&009/154741 PCT/US2009/003607
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[00149]  4-cyano-3-(2,4-dichlorophenyl)-5-(methylsulfonyl)thiophene-2-carboxamide (0.026 g, 0.069
- mmol) was dissolved in 2-hydroxymethylmorpholine (0.300 g, 2.56 mmol) and the solution was heated at
60 °C overnight. The residue was concentrated in vacuo and column chromatography was performed and
yielded 4-cyano-3-(2,4-dichlorophenyl)-5-[2-(hydroxymethyl)morpholin-4-yl]thiophene-2-carboxamide
(0.020 g, 66%) as a white solid. LCMS: (FA) ES+ 412. '"H NMR (400 MHz, d,-methanol) &: 7.76 (s,
1H), 7.49 (d, 1H), 7.40 (d, 1H), 4.08-3.92 (m, 3H), 3.84-3.72 (m, 2H), 3.69-3.59 (m, 2H), 3.15-3.08 (m,
2H).
[00150] Step 6: Synthesis of 4-(2,4-dichlorophenyl)-2-[2-(hydroxymethyl)morpho lin-4-yl]-5-
(4H-1,2 4-triazol-3-yl)thiophene-3-carbonitrile
A mixture of 4-cyano-3-(2,4-dichlorophenyl)-5-[2-(hydroxymethyl)morpholin-4-yljthiophene-2-
carboxamide (115 mg, 0.279 mmol) in 1,1-dimethoxy-N,N-dimethylmethanamine (3.44 mL, 0.025 mol)
was flushed with argon and then irradiated in microwave at 160 °C for 60 min. The reaction mixture was
concentrated to give 4-cyano-3-(2,4-dichlorophenyl)-N-[(1E)-(dimethylamino)methylene]-5-[2-(hy
droxymethyl) morpholin-4-yljthiophene-2-carboxamide (130 mg, 99%). LCMS: (FA) ES+ 467. To the
above intermediate in AcOH (4.3 mL, 0.076 mol) was added hydrazine hydrate (100 mg, 0.003 mol). The
mixture was flushed with argon and then irradiated in microwave at 120 °C for 20 min. The mixture was
concentrated to remove the solvent. The residue was purified using ISCO chromatography on silica gel,
elution 1:1 hexane-ethyl acetate to ethylacetate to afford 4-(2,4-dichlorophenyl)-2-[2-
(hydroxymethyl)morpholin-4-yl]-5-(4H-1,2.4-triazol-3-yl)thiophene-3-carbonitrile (90 mg, 70%). LCMS:
(FA) ES+ 436, '"H NMR (400 MHz, d,-methanol) : 8.28 (s, 1H), 7.55 (d, 1H), 7.41 (dd, 1H), 7.34 (d,
1H), 4.12-3.72 (m, 5H), 3.68-3.61 (m, 2H), 3.30-3.20 (m, 1H), 3.12-3.02 (m, 1H).
[00151] Compounds in the following table were prepared from the appropriate starting materials in a

method analogous to that of Example 3:

20 LCMS: (FA) ES+ 436.
24 LCMS: (FA) ES+ 492.
28 LCMS: (FA) ES+ 436.
31 LCMS: (FA) ES+478.
36 LCMS: (FA) ES+ 450.

[00152] Example 4: Synthesis of 4-(2,4-dichlorophenyl)-5-(1H-imidazol-2-yl)-2-morpholine-3-
carbonitrile (Compound 1-22)
[00153]



33 LCVs: (FA) ES+ 388. 35 LCOMs: (FA) ES+ 434. [00139] Exanple 3: Synthesis
of 4-(2,4-dichl orophenyl)-242- (hydr oxynet hyl ) nor phol i n-4-y1] - 5-

(4H 1, 2, awono@zish743- yl ) t hi ophene- 3-carbonitril e ( ConpouldTAFS200p/0@36N%

[00140] Step 1:4-cyano-3-iodo-5-(nethsil sul fanyQt hi ophene- 2- car boxylic acid
[00141] To a solution of ethyl

4- cyano- 3-i odo- 5- (net hyl sul fanyl ) t hi ophene- 2- car boxyl ate (3A0 g, 10 nmol)
in tetrahydrofuran (80 nL) and water (16 nL) was added a solution of 1.00M
sodi um hydroxide in water (30 mL.). The solution was allowed to stir

overni ght. The reactlon was quenched with a solution of IN hydrogen
chloride in water anql\%g vmth wat er (400¢'nL). The resul tant
precipitate was Gl'ed é "‘wat er ( 2ci m.) and dried in a
vacuum oven t oNgj vg=4-cyano- 3 |odo 5 (et hyhsyl f pt hi ophepe; 2- car boxylic
acid (2.6 g, 9% s @ whit&TEYNY LCVE: (EA) JEE+ 326. |-H-NMR—480 Mz,
d6- DIVB0) 8 1 ‘ (bs, IH, 2.75 (s, \I—y"
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[00154] Step L: N-(2-aminoethyl)-4-cyano-3-(2,4-dichlorophenyl)-5-morpholin-4-
ylthiophene-2-carboxamide

[00155] To a solution of 4-cyano-3-(2,4-dichlorophenyl)-5-morpholin-4-ylthiophene-2-carboxylic
acid (3.10 g, 8.2 mmol) and N-(2-aminoethyl)(tert-butoxy)carboxamide (1.98 gr, 12.3 mmol) in
methylene chloride (60 mL) was added N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride
(3.15 gr, 16.4 mmol) and 1-hydroxybenzotriazole (2.22 gr, 16.4 mmol) at room temperature. The solution
was allowed to stir overnight. The reaction was diluted with methylene chloride and water. The layers
were separated and the organic layer was dried over anhydrous sodium sulfate, filtered and concentrated
in vacuo. The residue was purified by column chromatography to give the intermediate boc-protected
product as a yellow solid. The material was dissolved in dioxane (4 mL) and a solution 4N HCI in
dioxane (9 mL) was added. The solution was stirred at room temperature for 30 minutes. The solvents
were evaporated and the residue was dried under vacuum overnight. The product was converted to the
free base by suspension in methylene chloride followed by addition of sodium carbonate solution. The
layers were separated and the aqueous layer was extracted twice with methylene chloride. The combined
organic extracts were dried over anhydrous sodium sulfate, filtered and concentrated in vacuo to afford
the product as a free base (2.55 gr, 67%). LCMS: (FA) ES+ 463. 'H NMR (400 MHz, d,-chloroform) §:
7.59-7.55 (m, 1H), 7.43-7.30 (m, 2H), 3.90-3.82 (m, 4H), 3.64-3.57 (m, 4H), 3.53-2.85 (m, 4H).

[00156] Step 2: 4-(2,4-dichlorophenyl)-5-(4,5-dihydro-1H-imidazol-2-yl)-2-morpheolin-4-
ylthiophene-3-carbonitrile

[00157] To a suspension of N-(2-aminoethyl)-4-cyano-3-(2,4-dichlorophenyl)-5-morpholin-4-
ylthiophene-2-carboxamide (2.50 g, 5.90 mmol) in toluene (20 mL) was added phosphoryl chloride (4.70



[00142] Step 2: 4-cyano- 3-iodo-5-(nethyl sul fanyl)thi ophene-2-carboxam de

[ 00143] To a suspensi on of

4- cyano- 3wpade/5474met hyl sul f anyl ) t hi ophene- 2- car boxyl i c patiu$2¢o2/08%07y, 7. 93
mmol ) in nethylene chloride (30 nL), 32ere added

N- ( 3-di net hyl am nopropyl)-N - ethyl carbodiimde hydrochloride (3.28 g, 17.1
nmol ) and 1- hydroxybenzotriazole (2.27 g, 16.8 nunol). The reaction m xture
was stirred at roomtenperature for two hours and ammoni um hydroxi de (15.4
m.) was added and the biphasic m xture was stirred at roomtenperature for
two hours. Water (100 ni), nethanol (50 nli), nmethylene chloride (200 m)

was ad@ed0-0mR@ok) P%H’Pé‘“l‘%l?e‘f’asvﬁ&ge‘? RSy BUErOVYRYS "aeﬂﬁt?agt 128 & fopge “E‘%’tt?saérthéd
five tifmsn Mixulte ¥as&NapgbiaRd afd thd F94dNB WARERPendbd m&ﬁaﬁﬁ&{&hmﬁ@ hdBed ddRcHl) -

The conbi ned organic extracts were_dried over anori_g rous magnesi um sul f at e,
filterddh shiaebnlniquaeusdaxep e basifiad Ry addition ohE OIS thralarers wreoﬁeparetsd amd e

579 . Jq%s 1 ggﬁkag&hagéé -aghil Qi Ine iy RRe Bhioride. The organic layers were combined and

4- cyano- 3 0- 5- (net hyl sul fonyl) t hi ophene- 2- car boxam de é00145 ] To a

soI ut i wh%‘fwlm ‘?,fy‘&n@pegl qvgahgd rf’wmmlfﬁtﬁn’ﬂ‘?’%?‘lﬁ‘rﬂ‘?éﬁéﬁzw HY VSRl Afrd the 46
Y necﬁ}?P ddhict 375! W%ﬁ@%l\ffé"mb €. 469 Whind @bbwgraozmgﬁ )&29.78)75 (n,

I forna , rinchl oroperbenzoic acid
was add®d’. 5%@4? tre ZH)xi lﬁ éﬁvﬁs 4Di 3.624.58(my BOn3. 5‘éﬁﬂél(mtiﬂ)e360érld|(glh¥H) The
met hyl ene chl ori de was renoved in vacuo. The remaining residue was dil uted
with ethyl acetate (200 nL) and washed three tinmes with a solution of 1.00M
sodi uni0Bakd ox Bee 3i H-(Rdtdichl¢ropheriy))-5- (Ilﬂlhimidg@hmyl)phmepmi@efmmr%d t he

aqueo se..was e \ Wi t t hyl . acet at 0. e

coroi oAb oAb B Rl MBS e s E o FERRAY Bnd MOk dllgq e

hydr ox{78f€ under\mtaenospwe o drgonlwes aiderhonaty] elbridec@O8wal,35CommeNt Tht edution was

vacuo a due was, suspended ter L pi )
g S B SRR SRR of BT T SR ARl 2

( 100 nrh<)rphcamel yjthmpﬂeneFB earbmulstn(llehi@; 3t ginwk it rethtyldnk ehlboidp ¢ihoiLasvas addeidt e

80|1I6d (c{ropvsﬂig‘)agd gheg 1on vg%/s_ls_stlir%g ﬁ%r dﬁﬂlé%%%l Il"néth“yr?nn(e%gp 0 Mﬂz ’10(5:i gmw)s agded

4: 4- cyamd(sarﬁné @asﬂcqﬂmmkﬂdoato?ﬂ‘f@rfyﬂj) hdi}r( mmﬁﬂ@tﬂﬁomyin))mhnd{yﬁmelczl(bmhb@maﬂmde

[ 00147 do 5-(net hyl sul f onyet hen rboxam de_ (0. 50 ,
T e e R L e e
bi s(2- sdpthe;hyidphosgghmn epirenyh) dtidiesvef @nl@BrT)ug sodiund Gdfaterdiliered and cpotratstadum

phosphat e 9 suspen. - di et hane
(10:0 B EotRRE R s oo mhe il BTEDRES Hh Lol o B BRO QRN B
wi t h agrrgbiat ardyellbe sobchdwoom %) whieh was diigdr @vdindghe dt 337Crim arvmueoxan 1se

tnd cormrstift RO Re e sRoriRma T LI Pk SRR gl i Bt

( 0 0801;{) 1324 .3han,biel)gr03-0.800(m, HIND/BS-640 0mM), 3.606-3188 t(masid), B.68:3.55.(1l4H).69 (m

0 6 . 3H). 0014 t 5. . ) s
A g6 E0mbiinad i i, Seliot et Bbls Mk arbR TR S RBIABFEE FAriPE ATl dBAene
2- car baxhdi Aflogdn td Bekletf Example 4:

4- Cyann 3 1 Q 4-di-chlor nnhnn\lﬂ 5 / methvl sulf f\n\lflt hiophene-2- carboxam-de
- O

ry —otit

(0. 02pley, 0. 069 nnDI}LWEE(HAEE$ﬁ¢%H in 2- hydroxynethyInDrphollne (0. 300 ¢
2.56 mpl) and the $ ted at 60 C overnight. The residue was
conce L_ raz ed in vac %Idﬁg ?ﬁAr;ﬁﬁr\mJﬂfﬁr oat ogF nnh\l Was- ngrfar med—and yn el ded
4- cyano- 3- (2, 4-di chl oropheny1) - 512- (hydroxynethyflnnrpholln 4-yfithi ophene-
2- car bppeen) depkfinfle0 I, HatResi8S oF V\h(zt@dﬁﬂiok hehﬁs\lﬁ(unl:em lli%rtmﬁa@zolz VR
(400 ﬂﬁg Al-nethano §®§7 ?6(%1 6b 7. i% (d, £

4. 08- 3morphplifothjophene3-@xbapitrie ( mmlr)nd 131369 3 59 (m '214), 3.15- 3 08 (m
2H) . [@@iéﬁ] Step 6: Synt hesi s of

4- (2, 4-di chl orophenyl) - 2[ 2- (hydr oxynet hyl ) nor pho |in-4-y11-5-

(4H 1, 2,4-triazol -3-yl)thi ophene-3-carbonitrile Am xture of

4- cyano- 3- (2, 4-di chl or ophenyl) - 542- ( hydr oxynet hyfi nor phol i n- 4- yfi t hi ophene-
2-




carboxam de (115 ng, 0.279 mmol) in 1, 1-di met hoxy- N, N-di net hyl met hanam ne
(3.44 mL, 0.025 nol) was flushed with argon and then irradiated in

m cr owavewato®dB4@1f or 60 Mm The reaction m xture was eomasawabixsd’to give
4- cyano- 3- (2, 4-di chl or ophenyfi - N RLE)33( di et hyl am no) met hyl enel-512- ( hy
droxynet hyl ) norpholin-4-yl]thi ophene-2-carboxam de (130 ng, 99% . LCWVE:
(FA) ESt+ 467. To the above internediate in AcOH (4.3 nmL, 0.076 nol) was
added hydrazi ne hydrate (100 ng, 0.003 nol). The m xture was flushed with
argon and then irradiated in mcrowave at 120 C for 20 mm The m xture was
concentrated to renove the solvent. The residue was purified using | SCO
chromat ography on siligd gel, elution 1:1 hexane-£thyl acetate to

et hyl acetate to aftfs 4- (2, 4- di chl or ophenyX)
(hydr oxymet hyfi n-4-y ]%Cﬁéﬁg—l- 1, 2, ANGr i 7F6] - 3- yf | 1N oplegne- 3- car boni
trile (90 ny, §/. \LCHS:  ( FA)pigzet+ 436, - MR 400 MHz, 1ddceret hanol ) 8:
8.28 (s, 114)f WN587(§, 111)7 7 2T (dd, 1P 877834 (d, HH—4—42-3.72 (m
514), 3.68-3. b\iJ(m 2H)°, 3.30-3.20 (m 2), 3.12-3.02 (m 114). [00151]
Compounds in the fellowng table were prepared fromthe appropriate
starting materials in a nmethod anal ogous to that of Exanple 3: 20 LCMS:
(FA) ES+ 436. 24 LCVs: (FA) ES+ 492. 28 LCMS: (FA) ES+ 436. 31 LCMS: (FA)
ES+ 478. 36 LCMS: (FA) ES+ D. [00152] Exanple 4: Synthes/ of

4- (2, 4-di chl or opheny1l) i m dazol - 2-y1) - 2- nor phol iare carbonitrile
(Compound 1-22) [001

(COCl),, DMSO

TEA N

HN —_—> o

L
Xix XX

[00163] Step i: S5-acetyl-4-(2,4-dichlorophenyl)-2-morpholinothiophene-3-carbonitrile
[00164] A mixture of 4-cyano-3-(2,4-dichlorophenyl)-5-morpholinothiophene-2-carboxylic acid
(508.0 mg, 0.001326 mol) in thionyl chloride (1.7 mL, 0.024 mol) and toluene (10mL, 0.098 mol) was
heated at 80 °C for 1h. The mixture was evaporated in vaccum and the residue was coevaporated with
toluene for 3 times to afford acid chloride as dark brown oil. This oil was dissolved in DCM (3 mL, 0.05
mol) and added to TEA (1.3 mL, 0.0093 mol) and N,O-dimethylhydroxylamine hydrochloride (282 mg,
0.00289 mol) in DCM (9 mL, 0.1 mol) at O °C . The mixture was stirred for 1h at the same temperature.
The reaction mixture was washed with water and dried over sodium sulfate. The organic layer was
evaporated to afford 4-cyano-3-(2,4-dichlorophenyl)-N-methoxy-N-methyl-5-morpholinothiophene-2-
carboxamide. To the above intermediate (207.0 mg, 0.0004856 mol) in THF (21 mL, 0.26 mol) was
added diisobutylaluminum hydride in hexane solution (1M, 0.1ml, 0.0019 mol) at -78 °C and the mixture
was stirred at the same temperature for 30 min. The reaction mixture was raised to 0 °C for 5 min and
cooled to -78 °C again. Quenched by MeOH and water and then purified by column chromatography to
afford 4-(2,4-dichlorophenyl)-5-formyl-2-morpholinothiophene-3-carbonitrile (115mg, 65%). LCMS:
(FA) ES+ 367. 1H NMR (400 MHz, d;-chloroform) &: 9.23 (s, 1H), 7.55 (d, 1H), 7.37 (dd, 1H), 7.30 (d,
1H), 3.88-3.84 (m, 4H), 3.74-3.70 (m, 4H), 1.90 (s, 3H).
[00165] Step 2: 4-(2,4-dichlorophenyl)-5-(4-methyl-4,5-dihydro-1H-imidazol-2-yl)-2-
morpholinothiophene-3-carbonitrile
[00166] To 4-(2,4-dichlorophenyl)-5-formyl-2-morpholin-4-ylthiophene-3-carbonitrile (52.0 mg,
0.000142 mol) in tert-butyl alcohol (0.75 g, 0.010 mol) was added 1,2-diaminopropane (12.9 mg,
0.000174 mol) and the mixture was stirred for 30min. Iodine (51 mg, 0.00020 mol) and potassium
carbonate (65.7 mg, 0.000475 mol) was added the mixture was stirred at 70 °C for 3hr. The reaction

mixture was quenched by saturated sodium bicarbonate solution and brine. The organic layer was



51 XX [00154] Step

1: N-(2-am noet hyl)-4-cyano- 3- (2, 4-di chl orophenyl) - 5- nor phol i n- 4-

yl t hi ophewe-28exciEstaoxar ni de [ 00155] To a sol ution of PCT/US2009/003607

4- cyano- 3- (2, 4-di chl or ophenyl) - 5- nor pi#ol i n- 4-yl t hi ophene- 2- carboxylic acid
(3.10 g, 8.2 mol) and N-(2-am noet hyl) (tert-butoxy)carboxam de (1.98 gr,
12.3 mmol) in nmethylene chloride (60 nm.) was added

N- ( 3-di net hyl am nopropyl) - N -et hyl carbodi i m de hydrochl oride (3.15 gr, 16.4
mol ) and 1- hydroxybenzotriazole (2.22 gr, 16.4 mol) at roon1tenperature
The solution was allowed to stir overnight. The reaction was diluted with

nmet hy| @Wectehpist pusfiedn by watuam, chrﬂ@atpé%‘ryS tpafferd séad-dichlgrophenyb s dometani %S

| ayer mT,ﬁiréianﬁhday&rz AR n&%bwﬁbswaﬁty’éﬁ@mef(ldrﬁgerﬁ%)andmsorop@msau@d in
vacuo. e residue was purified @(%/ col um chr omat ogr aph ql ve
i nt er mEdNMR (490 Mz, ¢i-eldorofprin) ddlied (safH)a 79017148ims bt} d. £ (rat &, |4a104nﬁ%(m

di 5501 Yol b5 et § oD kmaU, 3388 DTN i) di oxane (9 I nl) was

added. e solution was stirr roomténperaiure for 30 mnutes. The

sol venii0916&r e Sewah ot-4edichinthphhryl)-8<4-thethyld H-ighidaul-2yb - moeghelinvthiopheneght .
The prggy LS converted to the free base by suspension in nethyl ene

chl ori de ﬁ Fowed by addition of sodium carbonate solution. The | ayers were
separ a[t00d1683]nd ToH2M&OQUBA20 1L, aﬁwsmaml)amtlbém @dnLVve.axmel)tah ’me‘thhsemﬁed oxaly!

ol 7o Soriaf 5 S RGBS3 AN e, B RRRS wE bl o PR 2 iR, e
base (Retbd @S’-dlhﬁﬁ’%lH ib@B0l-1- m)z rﬁﬁphdlﬁiﬁthlopherib MNFOEAR (VBimg, d). ouoms) med)oinm)

gﬁg%r é%é‘m( j(E%EBOD ?ng%gg“?sg\gl: th)TE‘g '(8 ?883'm§.2 O(()Wl354 @ol) \§a36§8d§d %Zd {he

4 (2 dmixiued os apraarfyﬂam&e( QOMBB\‘?)Mdﬂrhm fhiydragidk (%@/ﬁ)imﬂaomr\plhteﬂ ioni12-mL)

le_ E 2' g»?n hﬁgdgfuﬁ te):ortc]zlic 1ror|1| g (5001571:\'1_0 DD m%:mgerature r’I]‘hcf mlxtﬂre was purified by

yl t hi oqheme- 2ehramhog<r2pr5]h§de t02. Siffog] SﬂQBEmlo)-ophmyﬂ)eS -(emethy 2 H-irhidaxue2 -yd)d2te d
phosphr vl Gl Aphde L &iditrile (4.04mg, 21%). LCMS: (FA) ES+ 419.13, ES- 417.17. 1H NMR
(400 MHz, d,-chloroform) &: 7.61 (d, 1H), 7.42 (dd, 1H), 7.34 (d, 1H), 6.61 (s, 1H), 3.88-3.84 (m, 4H),
3.62-3.57 (m, 4H), 2.21 (s, 3H).
[00169] Compounds in the following table were prepared from the appropriate starting materials in a

method analogous to that of Example 5:

2 LCMS: (FA) ES+ 473.

[00170] Example 6: Synthesis of 4-(2,4-dichlorophenyl)-5-(1H-imidazol-5-yl)-2-

morpholinothiophene-3-carbonitrile (Compound 1-19)



52 nmL, 50.0 mmol ) and the m xture was stirred under m crowave irradiation
at 120 C for 25 mnutes. The reaction m xture was evaporated and the

resi due waio 208epsp3¢rided i n et hyl ene chloride and t hen queaThEsdooniodisoT ce

wat er. The aqueous | ayer was basifiedsSby addition of KOH, the |ayers were
separated and the aqueous |ayer was extracted again w th nmethyl ene
chloride. The organic |ayers were conbi ned and washed with brine, dried
over anhydrous sodium sulfate, filtered and concentrated in vacuo to afford
the crude product (2.3 gr, 77%. LCVMs: (FA) ES+ 408. 'H NWR (400 MHz,
dé-DVsO ) 8: 7.78-7.75 (m 1H), 7.52-7.49(m 2H), 3.79-3.73 (m 4H),
3.63-3.55 (m 2H) £13.54-3.48 (m 4H), 3.20-g.11 (m 2H). [00158] Step
4- (2, 4-di chlQr i m &2 - 2-nor phol i ne- 3- car bd#i
[00159] Ton@ S§kution phodi met hyl sybf (2.50 i, 35.3 mmoN§ iy
|d§ (loﬂHma}omt -78C u r an at npsm}ﬁ;e of on/ Was @dded

oxal yl ¢RM 98 _HiMeLi3g 3 mﬂﬁ[‘&,. Qol uLioh wasysti rde
m nut es\.then a @ol uti on of Br

4- (2, 4- d| chl oy opheny1) - 5- (4, 5-di hydro 1H i m dazol - 2-yO0- 2- xxili
nmor phol i n- 4-yl t hi ophene- 3- carbonltrlre (1.45 g, 3.03 mmol) in nethylene
chloride (40 nL) was added dropw se and the reaction was stiired for 1 hour
at -78C. Triethylamne (14 0 nL, 100 nmol) was added and stirring was
continued at -78C for | hour. Then ed 33% ammoni um hydr oxi %
and the mxture was allowed to 0 room tenperature Add
bi car bonate lon. t he Iay & e separated and the organisgextract was
dried over ytafod’s ‘sodi u ale of i | t er ediGH: concentra
afford the C'rude—p?oduct =) re§|d e was purified by coPu# cﬁr
to give the product as a yeIIow sol i &®(0.90 gr, 75% which was_dried
overm ght at 39C i n a vacuum OVﬁd‘l/ LCI\/IS (FA) ES+ 406 1H NWR (‘400 VHz,

- chl oroforrr)S 40& 7.45-7.41 (m 1H),
7 37- 1085714 oy ‘EM)S aqetzj c'clﬁfopiwﬂ) énsspbolmﬂ(lmhem?-casbwrée 84 (m
4H), 3[061’-72? 52 (ke of- 4Lc91914(69k2 %@QM&)’I)"S H%ﬁ)hBQMtIQM\bHEQe Q-@:Q’ngﬂfér Qcid

prepared fromthe appropriate starting materials in a nethod anal ogous to
t hat dPOSE mgp?-801826 ) igNigony] chlorigs . A1, 0834 molsind (tpingnep(dGmk 36.098 moh) v )

ExanpliRaed aB04AMER 118, Phe mixture was evaporated in vaccum and the remdue was coevaporated with
4- (2, 4-dichl orophenyl)-5-(4-met hyl -1Hi m dazol - 2-y1) -

mor phdpiumstfpr Dimeste-affordaciionilaride jag daredrydueit This Pﬂ)wa[wm@md inM (3 mL, 0.05
mol) and added to TEA (1.3 mL, 0.0093 mol) and N,O-dimethylhydroxylamine hydrochloride (282 mg,
0.00289 mol) in DCM (9 mL, 0.1 mol) at O °C . The mixture was stirred for 1h at the same temperature.

The reaction mixture was washed with water and dried over sodium sulfate. The organic layer was
evaporated to afford 4-cyano-3-(2,4-dichlorophenyl)-N-methoxy-N-methyl-5-morpholinothiophene-2-
carboxamide. To the above intermediate in THF (50 mL, 0.6 mol) was added methyllithium in diethyl
ether solution (1.4M) (1.7ml, 0.00244 mol) at -78 °C. After about 15min, the reaction mixture was
quenched by ammonium chloride solution and extracted with ethyl acetate. The organic layer was washed
with brine and purified by column chromatography to afford 5-acetyl-4-(2,4-dichlorophenyl)-2-
morpholinothiophene-3-carbonitrile (397mg, 78%). LCMS: (FA) ES+ 381.05. 'H NMR (400 MHz, d,-
chloroform) &: 7.60 (d, 1H), 7.40 (dd, 1H), 7.28 (dd, 1H), 3.90-3.83 (m, 4H), 3.71-3.64 (m, 4H), 1.90 (s,
3H).

[00173] Step 2: 5-(2,2-dibromoacetyl)-4-(2,4-dichlorophenyl)-2-morpholinothiophene-3-
carbonitrile

[00174] A solution of 5-acetyl-4-(2,4-dichlorophenyl)-2-morpholin-4-ylthiophene-3-carbonitrile (50.0
mg, 0.000131 mol) and bromine (42 mg, 0.00026 mol) in AcOH (1.0 mL, 0.018 mol) was flushed with
argon and then irradiated in microwave at 120 °C for Smin. The reaction mixture was concentrated and

the residue was suspended in water. The solid was collected to gave 5-(2,2-dibromoacetyl)-4-(2,4-



xX| [00163] Step 1:

5-acetyl-4-(2, 4-di chl orophenyl) - 2- nor phol i not hi ophene-3-carbonitrile
[00164] AwoiI2naunse74of PCT/US2009/003607

4- cyano- 3- (2, 4-di chl or ophenyl ) - 5- nor pgisol i not hi ophene- 2- carboxylic acid
(508.0 ng, 0.001326 nol) in thionyl chloride (11 nli, 0.024 nol) and tol uene
(10, 0.098 nol) was heated at 80 C for I h. The m xture was evaporated in
vaccum and the resi due was coevaporated with toluene for 3 tines to afford
acid chloride as dark brown oiI This oil was di ssol ved in DCM (3 nil.

0. 05 rml) and added to TEA (1.3 ni, 0,0093

N, 0- di Heiergphepyly 8%99%‘%@%9%15%3&%@@(%2% 66%’90 oM (BN ESH B 9HrrL
0.1 noANMRAUOOMFZ, 4, [EorBloxhy 8.8 8%0@, Bily, 7S d, Ot | 7B3ah, 1ie s I8TE 1HS R 8B3I0A;

The reaction m xture was washed with water and dried over sodium sulfate.

The orf&nd-80Bd0ém 4ds evaporated to afford

4-c angy 2, ichl . i i -2
car )t;oxa%i;?ié] f#-te% 3?15 (gggél}g@#n%)e)rdr\rtézggl? @{%ﬁ%}%%rgﬁ%%%@g eﬁg-%&l n (21
mL, 0.M017G)l ) Teas aiked df |Ss(collmmlylbza;blyh}4ﬁ(|2mﬁWommnylmZMMm%yldtmhme( 3-M
0.1m, r r

t enper ¥ ur gm?’ (Sgg)%%?g% OO(%%%&P% frg% (g’?%%‘&r g'oﬁ mr :wsaégg‘%e% C)éﬂtﬁf) ﬁg‘s"Ene 35;7 d
cool edult,®. OOGB)7®1<aga1dril‘EAQ16r90kle@ 00910Ve0¢) atrid"Caatfer adsiittbnt the migurei wasexhripgd to

col um, c t 0g to affor
4 2, AU ROTRP (R FLRE s craporsied and et as spendi fn epivgr. The
( 115nms0li65%s ﬂlt@l‘ds af{d-Apri & 16 Eolufikl m@w@:@pmp afford h$-@-broooadetyd)-4-2.4-3

g s 741 I-gl%gr()%%n§ g%-&o?glg)blZ?tﬁnopé %% c]a'f%)&%lg B sodt N onis: R8A PESA4édBs A NMR

St ep2: @0 XMHy; dj-ciidrofoaphi MysP) d5 1Y) 7 A téd; 11, 733didhydY, 6:9043-85n(ng 4Hn| 3 5-3.69 (-

nmor ph h@gh?gfg%ﬁ% 3-carbonitrile [00166] To
4- (2,4 enyl) - 5-forny1- 2- nor phol i n- 4-yl t hi ophene-3-carbonitrile
(52.0 [mglm 06p42 mpl ) i #2adichivtophensl)SatiBl-in(i@azéb5-1)- Bmoigholiabthiophensasided

1,2-dia ﬁropane (12.9 ng, 0.000174 nol) and the m xture was stirred for
30mi n. <aF Bt (51 ng, 0.00020 nmol) and potassium carbonate (65.7 ny,

0. 000409178yl ) swasolﬂdidaﬂ)mg 4fﬂléfﬂdi61ﬂ1ewﬁ§2$ﬁdrﬁl{oﬁﬂ 43J1thiophénef Dearbtitrile TRSO mg,
reacti on m xture was quenche O@é saturated sodi um bi carbonate sol uti on and

bri ne. 0-9%0d malyadpEmamigr! 3k, mel) Mat Heredwih gigep prd e fradigfedrp microwave

chr omedtqgo ap iy Jomidfihe rréicl‘ﬁm( Aixfuré WGk bHcORhRaYahi ‘ti@'r@ﬁdmzﬁ)ﬁmlﬁe@by preparative
di hydro-| H i m dazol nmor phal i not hi_ ophene carbonitrile

Love: [PAy s+ aio, 4ﬂ2y ﬁdwoehmbmzlfl ridazhiry VBTZdP?ﬁ)h%mot’fm@bemeé-cammmle/0
7.50-7 2%% 8%% Itdms 7(FAQE§+&@5 (1@1 E§J7003 24 ZONHROR100 A @,,-amea)ag&) 3: 7.86 (dN1H),

511
). 760(s 1H), 746(>(dd lH) %35(d IH) 627(s lH) 3|8_8340(m 4]-5) jSS 3.49 (m, 4H).

[00179] Example 7: Synthesis of 4-(2,4-dichlorophenyl)-2-morpholino-5-(1H-pyrazol-5-
yDthiophene-3-carbonitrile (Compound 1-21)

[00180]
Cl Cl
NC. NC,
N o — » A
,/\ N S o N S /
HN-N
xxii xxvi
[00181] Step 1: 4-(2,4-dichlorophenyl)-2-morpholino-5-(1H-pyrazol-5-yl)thiophene-3-

carbonitrile



[00167] Step 3:

4- (2, 4-di chl orophenyl) -5-(4-net hyl - 1H i m dazol - 2-y1) - 2- nor phol i not hi ophene-
3- car borwonn#ssue168] To DMSO (32.0 ulL, 0.000451 nol) pcm/uSamMoO3ent, 0. 05
nol) at -78 C was added oxalyl chloride (38.2 uL, 0.000451 nol) and the

m xture was stirred for 30mn. 4-(2,4-dichl orophenyl)-5-(4-

nmet hyl -4, 5-di hydro- 1H i m dazol - 2-y1) - 2- nor phol i not hi ophene-3-carbonitrile
(19 nmg, 0.000045 nol) in DCM (1.5 rnL, 0.023 nol) was added. After 1 h, TEA
(0.188 ni, 0.00135 nol) was added and the m xture was stirred for anot her
30m n._33% anmmoni um hydr oxi de (33: 67, anmmoni a: Wt er, 117 nL) was added
and t HR0I&2ct ﬁoﬁ‘?‘uﬁ*P&P{? -acefg- %rqﬁ%tkor?d‘eﬁdéfﬁw%wwéma&xj?hpphwé fﬁrkm}fll@ (Wad
puri figd oo £ HEM inCHI 4 Qﬂﬂmﬁ&m}(il&&m%ﬁ%ﬂlmne g .0 mL, 0.0075 mol) was flushed with

4- (2, 4-di chl orophenyl)-5-(4-meth i m dazol - 2-

mor phFsoRGnhimdIsdeD SU‘EQWBY?rﬂt P9 ?% fqr30guprghe ze_mon mvse weFpyaperated A9 drypeps
ES‘ 414 fﬂ\% 4-Gl hm&@% Msiz3- Igﬁﬂﬂﬁhllyﬁﬁ%cgid@loﬁ) 2?n(§ﬂhoﬁlﬁ|oth1%éﬂf%e 370af’o%nﬁ1(ﬂg 'as

2 21 (ag mtsrlq)edla[ee h%@‘]oveaﬁmﬁla&f; gng hV‘FféZIT‘Q)N’CBW ﬁ%j) mEH)-Q00Rane) wrfé‘g]élrl éb|5 ffrrlom

g hezanmz@ m(sd A§%5%&3%% rygnﬁ@é»eweadk $20 FC For"BHAP Ahd R REP Sl wababapefatedar! e
Exanplt'éfﬁi"’S‘QH‘% Mas Pyphcl 'e>2¢<zimml é ogatngraphy 19 atford 1442 4-dlighieropbayy) fymerpholino-3-

nor phQhHrig%a%xqpmﬁi%pﬁen@@rclafbehﬁrﬁlb l(@g é&gﬁ@@wiché%mﬁésﬂb’s eSS [&ﬁlz?,l}ﬁt ep

1: 5-acetyl-4- 4-di chl or opheny1l) - 2- nor phol i not hi ophene- 3-carbonitri
[00172115411@9@ . dfmethanol) &: 7.65 (d, 1H), 7.45 (m, 2H), 7.33 (d, 1H), 5.48 (s, 1H), 5.45 (br, lH)

4- cyanggs m(ZH Iy E‘n'&?ifl phenyl) - 5- mor phol i not hi ophene- 2-carboxylic acid
(5080rr§, gg g )? in thionyl chloride (1.7 nm., 0 024 nol) and

t ol uer[QOKSﬁOnLCOI@lp@LQ@S moth9 follnw igctaltle overet préfared fram tHelapprbbraterstatting enaaisls in a

eyapol%ﬁoq #‘ %&g &’t(ﬁ}ktaqh'?%xﬁxﬁ chesidue was coevaporated with toluene for 3

ti mes ori eas dark brown oil. This oil was dissolved in
DCM ( 9rrL 0 05 nol L@ME QpldﬂgbﬁggTEA (1 3 nmL, 0.0093 nol) and
N, 0' I IICL Ilyl Ilyul U)\yl a||| 1T Ilyul UL,III Ul 1 UC \LOL Ilg, G UUZSU IIUI) ITI WV'i (9 | y

0.1 nol) at 0 C. The mxture was stirred for | h at the sane tenperature
The reaction m Xture was washed with water and dried over sodi um sul fate.

The or j yer wasg ev at ed f

- oyl o) BEret v o SEMbE” Nebe FB AR nEsm L2 e Bhlne AT SiRente 2.
car bowtﬁidﬁnena'-e damxmmw(&:anmoannmme in THF (50 nL, 0.6 nol) was added
methyllithiumin diethyl ether solution (1.4M (1.7nl, 0.00244 nol) at -78
C. After about 15min, the reaction m xture was quenched by anmmoni um
chloride solution and extractedgw th ethyl acetate. The @rganic |ayer was
washed with brine and purhfl by col umm chr omat ogg to afford

5-acetyl-4-(2,4-dichlor - 2- nor phol i not hi ephen -carbonitrile
(397mg, 78% . LCME: (FA) 381. 05. ndj NVR (400 drchloroform 8: 7.60
(d, 111), 7.40 (dd, Iy d—H-—3-380- N 3.71-3.64 (m

AH), 1.90 (s, 3H). [QQUI3]S o HN—N
St ep2: 5- (2, 2-di brom)acetylvz 4- (? 4-di chl or opheny1) -ggipor phol i not hi ophene- 3-
carbonitrile

[00185] Step 1: 4-(2,4-dichlorophenyl)-2-morpholino-5-(1H-tetrazol-5-yl)thiophene-3-
carbonitrile

[00186] To a mixture of sodium azide (34.01 mg, 0.0005232 mol) in ACN (0.3 mL, 0.005 mol) was
added silicon(IV) chloride (0.105 mmol, 0.000105 mol) in DCM (0.1 mL, 0.002 mol) and the mixture
was stirred for 30 min. 4-cyano-3-(2,4-dichlorophenyl)-5-morpholinothiophene-2-carboxamide (20.0 mg,
0.0000523 mol) was added to the above mixture, followed by sodium azide (0.0340 g, 0.000523 mol) and
silicon(IV) chloride (0.16 mmol, 0.00016 mol) in DCM (0.16 mL, 0.0025 mol) and the mixture was
irradiated in microwave at 160 °C for 30min. The reaction was evaporated and purified by column

chromatography to afford  4-(2,4-dichlorophenyl)-2-morpholino-5-(1H-tetrazol-5-yl)thiophene-3-



[ 00174] A sol ution of

5-acetyl-4-(2, 4-di chl orophenyl) - 2- nor phol i n-4-yl t hi ophene-3-carbonitrile

(50. 0 ng,wO.2000581mol ) and brom ne (42 ny,

0. 00026 nol PCrUsAH0I6a7 0 ni,

0.018 nol) was flushed with argon and8then irradiated in mcrowave at 120 C

for 5mn.
suspended in water.
5- (2, 2-di bronoacetyl)-4-(2, 4-

di chl orophenyl) - 2- nnrpholinothiophene 3-carbonitrile (46.9ny,

(FA) ES+ 538.87:; 111 NMVR

The reaction m xture was concentrated and the resi due was
The solid was collected to gave

66% . LCMEG:

oro

chli of 5. 7.82 (d, 1 7.45
(60 mabonpiaa 116me. T3 ChaS: BT g 407085 G 1T Nl 0306 Mgz ol pborcrma

[00175d 780 &P 173, 7.42 (dd, lH) 7.30 (d
5- (2- br onpacet y1) - 4- (2, 4-di chl

1H), 3.90-3.85 (m, 4H), 3.72-3.63 (m, 4H).
oropheny1) - 2- nDrphollnothlophene 3-carbonitri

le [ 0([_0_0@7] ToCampéuntls) rnethgfollowmg table were prepared from the appropriate starting materials in a

car bort ARECE o B B hfing

or opheny0- 2- nor phol i n- 4-yl t hi ophene- 3-
70 nol)

in THFE (0.78 inL, 0.0096 nol) was

added gli et hyl

phosp1Lt@ﬁ(@34?E3u38d12000107 nol ) and TEA (14 9 uL, O. 000107

£
nol ) ‘at—o6—C€—After—additiom

LIIC mxXture—was VVd.IIHSU to—rt

after—20—rmrn—1he

reacti on m xture was evaporated and the residue was suspended in ice/water.
The solid was filtered and purified by colum chronmatography to afford

5- ( 2-

0-4- (2, &+ . . ,
or o1 PRI - bttt - Sunthests, pf d-Rdlicblororbei 3 (36 diny gy 4 YD R
( FA) ESB;4-&M0833yI)thldbheMVR-célﬁlﬁﬁlthz (Comphiindr ofl34)) and 7458 4{dichldriophenyi)42

( dd %937?1‘0 pyranJZt]-';'l) 53(41301 2?' 4 ?rlazg)m!-ydjmldphene §-carbomt£-1m (Csolr_xQﬁound ?%) (d,

Step4 4- (2, 4-di chl orophenyl)-5-(1Hi m dazol

earbonitrile o
[ 00178] 5- (@r nmpacetyl) -4
arbonitril e 0:£Q, 0
flushed with on and

-5-y1)-2-norphol i thlophene-3-
N Q;ﬁ /
,Aﬁdichlordb eny +n0rpho|?n- ItQ)ophene 3-c

rml)lnfde aL,
adie n H7 ¢

0.033 mol ) '\wa
ve at f86”O4W@F°80nln. The

reacti on mi x¥ure'was concentrated and the residue was purified by

preparative HPKC to afford

4- (2, 4-di chl or opheny0O-5- (1Hi m dazo

xxviii

-5-y1)-2-nor phol i not hi ophene- 3-car boni t

rile (2.8my, 6% . LCVB: (FA) ES+ 405.18, ES- 403.27; 'H NMR (400 Mz,
drmet hanol) 5: 7.66 (d, @QH), 7.60(s, 1H), 7.@¢6 (dd, 1H), 7.35 (d, 1H)¢ 6.27
(s, 1H), 3.8§9-3.40c H, 3.55-3.49 ¢ [00179] Exanpl ﬁ &= t hesi s
of 4-(2, 4-di ghl onNgph ) - 2- nor phol i pyrazol - o5
yCt hi opheng=R.car trile fGonpound L1y3() ([)00180 Chily &
Yo N s —_— 3 HN _— s OEt
o) o )
. XXX XXx1
XXX
cl ¢ o} SnBu
N. Cl N, C C/>_ e
1.NaOH W 1. DMFDMA \
2. EDCI, HOBt 2. hydrazine, AcOH Pd(PPhs)s
NH3 ’ Cul, LiCl
— | 7\ Nh, /s\ Ny —_—
S

XXXiii

Hy/Pd




xxvi 57 [00182] A sol ution of

5-acetyl-4-(2, 4-di chl or ophenyO- 2- nor phol i n- 4-yl t hi ophene-3-carbonitrile
(52. 3 ng,wO0.20005871mol ) in 1, 1-di met hoxy- N, N-di net hyl nerhansadmamoicd7 O ni,
0.0075 nmol) was flushed with argon an® irradiated in mcrowave at 160 C for
30m n. The reaction m xture was evaporated to dryness to give 4-(2,

4-di chl or ophenyl) - 5- ( 3- (di net hyl am no) acryl oyl) - 2- nor phol i not hi ophene- 3- car
bonitrile as an internedi ate. The above interrnedi ate and hydrazi ne hydrate
(30 nmg, 0.0006 nmol) in AcOH (1.5 nm., 0.026 nol) was irradiated in nmcrowave

at 120 C for 15m n. The reaction m xture was evaporated and the residue was
purifi @Ql%ﬂ] cStearin Féhwrldrﬁggwﬁ-&%dimytlgmybqelgyl)amino]-3-iodothiophene-2-carboxylate

4- (2, . ! 0-3-10d0-32 . T iophene-2-ca ate . (3. . m and .

Or oy WOLH0T, O ERBTEOY b 31 G AR Dipipghepe-2-cupgpytae (560e. 0,0145pal) and

405. 062.4-EethpBghengylamite |(3.8VRl(, AD02IHnol) derersombine] )n Btralfydsfugad, (19mL)7and5
2H).. o A 4 . y . . 4

(m 16ri<£§ti‘)6% &C}Or tui]u'rc_]z% da)g. %P%geasft?)l'{dl)was.%onc%{lg‘%%d n J(fgfélll)o, dlﬁlte%avlgﬂxflﬂ@ot%eﬁngée an(im

aH) . [ Conpo sn oW ng e were prepared from
appr ophexartee agd thetreswjanrgresipi@teswanfierere tohyeld dheatidg oamspound (ha6, &%) B anysillew7:

2 (o R AR FA B AR D SHSOP £33 05 Bl 10710 . 11 - 55780,
33)0';_2g@@?eﬁ@iﬁﬁ:%ﬁﬂblzﬂ‘(!slﬁ)g?il-ﬁinmmu%ig): 3..'8?38). 3H), 3.7_5és_, 3H)|_,l_l.266£1r.212((;r|1,_31-1_). i obhe
ne- 3 RGN Siebis Eoby Feppn SRR SRR AP T dPadsho e B ggfiniconinc?

0. 0005R2catbodigtei N ACN (0.3 nL, 0.005 nol) was added silicon(lV) chloride

g? i E' ?g@ﬂ@]’ B%ih%g?ggyggl- -[(5,Q-dlmetl\c()x(g/bg'nz%énli(r)lb]%)-lzodgtmo)phglg— -cEar eoxy aét ur(%.1 g,s

4- cyanmodb§ideld- di o-gieipidpianlbofonitor phadid not hi ophene- 2- gar boxegmde (2ol

ng, 0.0000523 no s added to the_ab 1 xture, followed b diu | de
(0. 034 }S(@Pmég’é%s\gﬁ’ﬂf)}’a'gﬁ&% ﬁq)i(g-g?‘n Et 8/}58%‘{3 8P} ad (568‘1‘8 C\gﬁ’ﬁf‘?‘g éﬁ%’oéi‘g}’%l )
i N DCMngI wkee $dspended @2 D,2 Mg th@iydthaie (3B.X hll)) @ndvasater (1 B8 indl)e dThe swp&dfsnave at

(]:' ﬁ?OgB.tﬁlg ?dg‘g{ﬁnlg/ QrgBI;r gn(;q: {ygggz}c{ignnmv\ﬂlslree&laas'egg 1:Etee inar?n%r w%% fatl fﬂ) @(3%8|v\lljatts for ten

4- (2, 4dmiluel| DhcoRhaRY hixtdrenmdsiiiiated Rathtar {alithit€idl@alof Sodikh bicaplogiate imwater and
extracted with ethyl acetate. The organic extracts were washed with brine, dried over anhydrous sodium
sulfate, filtered and concentrated in vacuo. Column chromatography was performed to yield the title
compound (2.92 g, 88%). LCMS: (FA) ES*, 491. '"H NMR (400MHz, d,-DMSO) &: 9.05 (bs, 1H) 7.75
(d, 1H, J = 2.00Hz), 7.52-7.48 (m, 1H), 7.40 (d,1H, J = 8.28Hz), 7.19 (d, 1H, J = 8.53Hz), 6.62-6.53 (m,
2H), 4.35 (bs, 2H), 4.04-3.92 (m, 2H), 3.83 (s, 3H), 3.76 (s, 3H), 1.01-0.96 (m, 3H).

[00193] Step 3: Ethyl 5-amino-4-cyano-3-(2,4-dichlorophenyl)thiophene-2-carboxylate

[00194] Ethyl 4-cyano-3-(2,4-dichlorophenyl)-5-[(2,4-dimethoxybenzyl)amino]thiophene-2-
carboxylate (4.70g, 0.00956mol) was dissolved in dichloromethane (100 mL). Trifluoroacetic acid
(25mL) was added and the solution was stirred at room temperature for ten minutes. The reaction was
concentrated in vacuo, diluted with ethyl acetate and filtered. The filtrate was washed with saturated
sodium bicarbonate and brine, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo.
Column chromatography was performed to yield the title compound (2.92g, 90%) as a yellow solid.
LCMS: (FA) ES*, 341. 'H NMR (400MHz, ds-DMSO) 8: 8.17 (s, 2H) 7.75 (d, 1H, J = 2.00Hz), 7.52-7.48
(m, 1H), 7.39 (d, 1H, J = 8.28Hz), 4.05-3.92 (m, 2H), 1.02-0.96 (m, 3H).

[00195] Step 4: Ethyl 4-cyano-3-(2,4-dichlorophenyl)-5-iodothiophene-2-carboxylate

[00196] To a suspension of ethyl 5-amino-4-cyano-3-(2,4-dichlorophenyl)thiophene-2-carboxylate
(2.92g, 0.00856mol) in acetonitrile (10 mL) was added diiodomethane (2.41 mL, 0.0300mol) under an

atmosphere of argon and was heated at 38 °C. Isoamyl nitrite (2.61g, 0.0214mol) was added dropwise



58 carbonitrile (11.6ngy, 54.4% . LCMS: (FA) ES+ 407.09, ES- 405.20; 'Id NWMR
(300 MHz, d,-chloroform 8: 7.60 (d, 1H), 7.42 (dd, 1H), 7.30 (d, 1H),

3. 90- 3. 85WOrmpost7413. 72- 3. 63 (m 411). [00187] Conpound®cCirrustéve/o0bish? ow ng
tabl e were prepared fromthe appropri@te starting materials in a nethod
anal ogous to that of Exanple 7: 6LCMS: (FA) ES+ 389 22 [00188] Exanple 9.
Synt hesi s of

4- (2, 4-di ehl orophenyl) - 2- (3, 6-di hydro- 2H pyran-4-yl1)-5-(4H1, 2, 4-tri azol - 3-y
| )t hi ophene-3-carbonitrile (Conmpound 1-34) and 4-(2, 4-di chl orophenyl) - 2-
(tetrahydro-211-pyran-4-y1)-5-(4H1, 2, 4-tri azol ) t hi ophene-3-carbonitri
| e ( Cowpdimigaction)migiure Barpodyd Pdewpng)lwratmmtmggfc{rm@g?r Sthepregctiopt wag|

4- cyan@nanliéd i B LRPXIRER 2 RMIIJBRbA 3?Ma?flaifé}h@ﬁ’Q@Qi%rdzthg@i{l@%ﬁﬂkcﬁhg (1 99¢.90]

Et hyl 4-cyano- 3-io0do-5 -(rret hyl sul Tt onyl”) t hi ophene- 2-Car boxyl at e .
0. 014537%))as amdrapgedsolidniét NMR, (H6AMHzadi- qhéor(>f9n5)15 m-33 @, O234= ri:ﬂOﬁZ)Aér3§-7c3ﬂn@m ned

I n tety rl—ﬂh)'gf&fllﬁ gn S(Z’lgggég‘zgl{ifsd(gﬁrgmdleﬁ {356@93 for three days. The

reacti concent i n'va di chl or onet hane and
hexand®0H] t Sepsededybmo3- (234-@(11}1!11rbpliemylb&isoﬂcthto@hadad-cnrjbbﬁ}ilﬁl atide title

SoomiBOgE: Dinsoutionst sl Loy P8 drffemfyonignyb 5 hacianieds 2 <t Bt o
?_H)Z’G HRB1§ Snol)ZH) tetrghyddfudanl @0(A1L) 2ddLvated (BOmLp waslided 3 ?cﬁut(o‘ﬁ of AH)OM sodium

4 cy o i8 LD SO P GPLY P8 o ST RSBl A e FPTIER 84 c

boxy! ai eolution of 1IN hydrogen chloride in water (18mL) and extracted with ethyl acetate. The organic
extracts were washed with brine, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo
to afford the crude title compound (1.50 g, 100%) used directly in the next reaction. LCMS: (FA) ES*,
378. 'H NMR (400MHz, d-DMSO) §: 7.68 (d, 1H, J = 2.0Hz), 7.46-7.34 (m, 2H).
[00199] Step 6: 4-cyano-3-(2,4-dichlorophenyl)-5-iodothiophene-2-carboxylamide
[00200] 4-cyano-3-(2,4-dichlorophenyl)-5-iodothiophene-2-carboxylic acid (1.30g, 0.00306mol) was
dissolved in dichloromethane (30 mL). N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride
(1.27g, 0.00661mol) and 1-hydroxybenzotriazote (0.880g, 0.00651mol) were added to the solution and
the reaction was stirred for thirty minutes. Ammonium hydroxide (5.97mL, 0.153mol) was added to the
solution and the biphasic mixture was stirred for two hours. The reaction mixture was concentrated,
diluted with water and extracted with ethyl acetate. The organic extract was dried over anhydrous
magnesium sulfate, filtered and column chromatography was performed to yield the title compound
(1.21g, 89%). LCMS: (FA) ES*, 423. 'H NMR (400MHz, ds-DMSO) &: 7.79 (d, 1H, J = 2.0Hz), 7.68
(bs, 1H), 7.57-7.45 (m, 2H), 7.30 (bs, 1H).
[00201] Step 7: 4-(2,4-dichlorophenyl)-2-iodo-5-(4H-1,2,4-triazol-3-yl)thiophene-3-carbonitrile
[00202] A mixture of 4-cyano-3-(2,4-dichlorophenyl)-5-iodothiophene-2-carboxylamide (1.33 g,
0.00314 mol) and 1,1-dimethoxy-N,N-dimethylmethanamine (10.0 mL, 0.0753 mol) was irradiated in the
microwave at 120 °C (300 watts) for 30 minutes. The reaction was concentrated in vacuo. The residue
dissolved in acetic acid (1.0 mL, 0.18 mol) and hydrazine hydrate (0.69 mL, 0.014 mol) and subjected to
microwave irradiation at 120 °C (300 watts) for 15 minutes. The solvent was removed in vacuo and the
residue was azeotroped with toluene. Column chromatography was performed to yield the title
compound (1.25 g, 85%). LCMS: (FA) ES", 447. 'H NMR (400MHz, d,-methanol) &: 8.35 (s, 1H) 7.60
(d, 1H, J = 2.0Hz), 7.45-7.35 (m, 2H).
[00203] Step 8: 4-(2,4-dichlorophenyl)-2-(3,6-dihydro-2H-pyran-4-yl)-5-(4H-1,2,4-triazol-3-
ylthiophene-3-carbonitrile



[ 00192] Et hyl 4-cyano-5-[(2, 4-di neth oxyben zyflam i no]-3-iodoth iophene-2
-c arboxy late(3.18g, 0.00673npl) 2, 4-dichl orophenyl boronic acid (2.72 g,
0. 0143 nowd,200%etsumli s(tri phenyl phosphi ne) pal | adi um (0) @OTAR2@9/003600040
nol ), and sodi um carbonate (2.42 g, 10228 nol) were suspended in

1, 2-di met hoxyet hane (23.5 nL) and water (13.5 nlL). The suspensi on was
flushed with argon and the reaction mxture was irradiated in m crowave at
140 C (300 watts) for ten mnutes. The reaction mxture was diluted with a
saturated solution of sodium bicarbonate in water and extracted wi th ethyl

acetate. The organic extracts were washed with brine, dried over anhydrous

sodi urk08204 at & mixiurg ef &2 &dighlorpbenyDr ZiodetSihHisitriazalal-yhthiophane Fesathgpiiny
was f 0
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|0phene - car ate | SSO onet
(100 iIHNS: (FA) ESﬁm%adHtNMRa@DW&mmetml)a&j@éd (antH)Y AS9a) LH), 31346 (m,

stirr e 0 e tion was concentrated
in vacuc?aéy@u’t gé ‘{T?ﬁ%f‘ﬁw)a%ﬁ §?4Wm2%&)fl I é?ie e filtrate was washed
W t h s[@02053t edepodi urd-ta Gdicblbﬂﬂilﬂnﬂﬂd (Mnahgadrodm-@glramv@yl)-ar(hbldlr,n&srnmusum
sul fat)ﬁg fil teﬁed and oncentrat ed in vacuo. Columm chromat ography was
per f orYHEHORRSnE eclaﬁb"t“ﬁé %itle conpound (2.92g, 90% as a yellow solid. LOVS:
(FA) H80261. 4134 deNMR);(h dRONVHE3, 6-diby IWER()-pian-8-y D 5-(4%1-1,2,4 1)iaz6l- 751)(}@[;ph&rik:13 J =
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concentrated in vacuo and col um chromat ography was perforned to yield the
title LShbBUM 1HY. 449, 379% as an orange solid. 11-1 NVR (400MHz,

dl chl [lef?;}r ntxa‘}nsplg 153s§lﬂhesﬂs|'bf 4154—(2221 @i@iﬂ%}o(phznﬁﬁs (a4 mr]lalzbb-s-yl 14l thidhoil H,

8. 28Hz m 3H). [0019
4 cyarﬁ)yli!n‘(r?hﬂhq}l(@mne?‘@ﬂﬂéhyl ) - 5- i odot hi ophene- 2- carboxylic acid [00198] To
a solution of ethyl cl
4- cyano- 3- (2, 4-di chl or opheny1l) - 5-1 odot hi op - DHcar boxyl ate (1. 44qg.
0.00318 nol) in tetrahydrofuran (20 nL) @& %#H_ (10 m) was agded a
solution of 1.00M sodi um hydroxide in water (16 ). The élol on was

ution of IN

allowed to stir overnight. The reactdon msph%mm w th”a
Acet at e. The

hydr ogen bri de iMorpateer (18ni) Na(id extdch
organle,Q( t s —-were—vasked/ Wit oM ae, r gy oY d\§od| u
sulfate 5 | tered and concertated in vacuo to afforQsL,uhe%ruetltIe

conmpound (1.50 g, 100% used di rectly in the next reaction. LCVMS: (FA) ES,
378. 11- I™KfR (400MHz, d6-DMVBO) *8"7.68 (d, 1H J = 2.0fZ), 7.46-7.34 (m

2H) .

water, M

Cl Cl
Cl Ci
a) DMFDMA, MWI
N b) NHzNHz, AcOH N
r \ MWI
A - A
\) () \) HN—I/



[00199] Step 6:

4- cyano- 3- (2, 4-di chl orophenyl ) - 5-i odot hi ophene- 2- car boxyl ar ni de

[ 00200] 4-woane/B347142, 4- di chl or ophenyl) - 5- i odot hi ophene- 2Pcarusecoglodisoaci d
(1.30g, 0.00306nmo1l) was dissolved in @ichloronethane (30 nL).

N- ( 3-di net hyl am nopropyl)-N -et hyl carbodi i m de hydrochl oride (1.27g,

0. 00661npl ) and 1-hydroxybenzotriazole (0.880g, 0.00651npl) were added to
the solution and the reaction was stirred for thirty mnutes. Anmoni um
hydr oxi de (5.97nm, 0.153npl) was added to the solution and the biphasic
m xture was stirred for two hours. The reaction m xture was concentrated,

di | ut e@ Wl h Wepdi Sunthesisefidzcherg-2ynorpholinykyldekthinzale-Sreasborifilai ¢ ext r act
was dr @V%m&m&% &%ﬁe‘ H”itfgl bdba Tn|ofg a%ﬁeﬁN@cﬁg ;%ﬁ)gmé&lamge (3.68

chromat ography’ was perforned to yield the title conpoun
LCVB: HhEA)02ES mofpBere 'digsciieid i Ai:Ol@Wzat 70 6C.DNBGhol8re (9.67H mid0.0704 mgl)-wag a@fﬂ@)to

& (2, Ao g oy f*‘%fﬂ.(t?* Sk o ey ??]Og%o MR SRl GOy

rile [4d2¢dprnediprecipitate gfas collected to give the title compound (1 55g 91%). LCMS (FA) ES™, 230.

4- cyanQ: 3¢ L n |od e boxylanlde (1.33 g,

o.oos&%ﬁar@ﬁ%- Hfb@{%n%i’l 3%7andl rrg?%%‘& Fi ne (10.0 nL, 0.0753

nmol ) v@9210]r adte@QeSlylitliksishﬁ44’(2,4¥Wpﬁényl)ZXDmGh(lﬁﬁﬂ-WﬁIlt,Sbhlézﬁre-SSEhrm)lliiuﬁleS
n vacuyo. The r i ssolved in acetic

The r n concentrat

ey UM Ye ot Remhol kBt s rpmenirae o0t > B4 ey and-

su:aj eCdeﬂbrbﬂleﬁ@lb‘dr@rg@Mﬁdl(O Dagh, atsgolﬂmat) Bid@ Jﬁeﬁﬁmsﬁmﬁ@@nadleﬁx d]i&lér']ﬂdél{b%lg The

sol vent nove I N vacu the resi due was a t ol uen

ool ol o ene L eodiim caara oA Bl 1A eI ke e B SME (B ctibtrot 4

35%/% ededeB1 m([g&)d xgﬁ(r)ol_vé‘)q‘gd%t 1%55°]f$f\315ﬂnin4&@ QMB(turdbva{TﬁIdibﬂnﬁm ethyl a&tﬁ@(l(()&nL)]dﬂ)l

[ oozosﬁxgeﬁgeifh% Qraamic pfiass 1y dsish &hg??fyélzm(ss‘,?%@’&“ﬁva pd oyapprated 1SGOppyifigationgn 5
, 4- t 1 i sizdalgel3rsing! IOV étRRReARe Br BeXahO® 30% byl Ldiate GO BO:hhaffbriédiihe ti@lk compound

4- (2,4- dlchloro 4-triazal et hi ophene- 3-carbani tr

h 2-iod 2
! 2 Lab et s BONL R ot T Nt LoD 6 DRS00 b P, BBY T2 oo s

g, 1. %mtgemuﬁtﬂymgﬂnomme (51.2 ng, 1.2 mmol), copper(l) iodi de (7.6
mg, 0.04 nunol), tetrakis(triphenyl phosphine)palladium (46.4 0. 04
m nol )[%B]du Step By Bxnthesis éaéaaéllmonhenyar?dmnadwba-%ﬂ Ls3:thiapelerHearhoxpsmide

under ngﬁ]m)ﬁf&‘@ ?chﬁ’)& rp% n@?{)lz-m-gg;ﬁ.oﬁ{?4‘6ﬁ?'it3 M’f?éolé-?@%%ﬁhrﬂé‘%b hx%/gr @?)B Ufimb5S

purified usin on silica el ution 20% et acetfate
| n hex‘azrseisssqlw)edem lsylfurigpeidd @09 olaff/§ mynelhand the rrext@r@rvmumed( A4t foy ) hgzwm/aN ater

7((1 i )7\5% gd?l&i ng I-&é m%ll}{g% @?ngmfwﬁﬁgﬁg Q%Q%% o&atu&i&%ﬁﬁCO :“ﬁ}ec é)?tal?%va(sd
2|—|) 2ﬁl¢16d2)ff68/a§h¢p v@ﬁ)wate{romg(gg]:@tcez}fford the title compound (27 mg, 80%) LCMS (FA) ES*, .
9: 4- 2 CTE‘IJIR Y1) -y
- ylgt |opHene gaggg oﬁ%gﬁﬁﬁb?Foggzg Ouﬁkbgyé O?é%ﬁ%IQéqgigg?é?gﬁgﬁﬁﬁ
i hydr 3. 24B8./madH4 -y1)-5-(4H 1, 2,4-triazol - 3- yI)thlophene 3-

[00214] Step 4: Synthesis of 4-[4-(2,4-dichlorophenyl)-5-(4H-1,2,4-triazol-3-yl)-1,3-thiazol-2-

yllmorpholine

[00215] A mixture of 4-(2,4-dichlorophenyl)-2-morpholin-4-yl-1,3-thiazole-5-carboxamide (23 mg,
0.06 mmol) and 1,l-dimethoxy-N,N-dimethylmethanamine (0.8 mL, 6 mol) was irradiated in the
microwave at 160 °C (300 watts) for 30 minutes. The reaction was concentrated in vacuo. The residue
dissolved in acetic acid (1.0 mL, 0.18 mol) and hydrazine hydrate (30 mg, 0.7 mmol) and subjected to
microwave irradiation at 120 °C (300 watts) for 15 minutes. The solvent was removed in vacuo, the
residue was diluted with water (1 mL), the precipitate was collected, washed with water (1 mL) and dried
to afford the title compound (10 mg, 40%). LCMS: (FA) ES”, 382. '"H NMR (400MHz, ds-DMSO) §:
13.9 (s, 1H), 8.42 (s, 1H), 7.63 (d, 1H), 7.44-7.42 (m, 2H), 3.73-3.70 (m, 4H), 3.44-3.42 (m, 4H).



carbonitrile (20 ng, 0.05 mml) was dissolved in nethanol (2 nL) and 10%
Pd/ C was added (10 ng). The m xture was stirred under an atnosphere of

hydr ogen woro®/#seuns. The suspension was filtered throughTaskewap3esdl vent
was evaporated and the residue was pusified using | SCO chromat ography on
silica gel, elution 20% ethyl acetate in hexanes to ethyl acetate to afford
the title conmpound (16 ng, 80%. LCVS: (FA) ES, 405. NWVR (400MHz,

4- et hanol) 8: 8.53 (s, 1H), 7.78 (d, 1H), 7.51-7.46 (m 2H), 4.124.08 (m
1H), 3.99-3.95 (m 1H), 3.53-3.30 (m 2H), 3.20-3.15 (m 1H), 2.00-1.95 (m
IH), 1.83-1.72 (m 1H). [00207] Exanple 10: Synthesis of

444- (2, 4-di ehl orophenyl)-5-(4H 1, 2,4-triazol -3-yl1)-1, 3-thi azol 2-yl | nor phol
ne ( d I [ rk Cc,/ S xxxix 62 [00208]Step 1: Synthesis
of 4-c g#g-Zh:Iho OC};fé%{m%fﬁ:m,&thiazole-5-carbonitriIe

[ 00209P2217]di Ekbropled SPIKaFudymeskssae (1.26 g, 0.00704 nol) and

N, N-di opyl et hyl am.ne .(3..68 0211 nol) were dissolved in ethanol

at 70 [é.ﬁ?ﬁ;rp%fé?rleﬁ on(aﬁfigﬂﬂécrﬁlfm 6{%%]6%%36?9) was added to the hot solution
and tk[eggi%t_ Umeti\é&isprllﬁﬁﬂhﬁtﬁ@ﬁig&@tbl 3D Kinasy G{BIBK()O@xhz?dmed@g@ p@ified, adihMme@,drmﬁ th
wat er .and the_forne recipitate was_co| |l ect 0.give the title
corrpoéﬁ‘&"’eaf?‘éﬁa,s fQ?E’@/()S.F%L'éR?SF E‘#Afmﬁg?ge?é(ﬁ’"&fi%e‘i\ll\‘?ﬁ (gwfwrz'?s B RS )2rgno-

3. 71- Jefrfindl Mis-Akded p31G2and. p&So RBredidh consdilad 0] Step 2: Synthesis of

4- (2, 4-di chl orophenyl) - 2- nor phol i n-4-y1-1, 3-t hi azol e-5-carbonitrile
[00220] PI3K Enzyme homogenous time resolved fluorescence (HTRF®) Assay

[00221] The PI3K enzyme HTRF® assay makes use of an energy transfer complex comprised of
biotin-P1(3,4,5)P;, Europhium labeled anti-GST monoclonal antibody, a GST-tagged GRP1 pleckstrin
homology (PH) domain, and Streptavidin-APC (allophycocyanin). Excitation of the Europium in the
complex results in a stable time-resolved fluorescence resonance energy transfer (FRET) signal
Phosphatidylinositol 3,4,5 triphosphate (P1(3.4,5)P;, the product of PI3K, disrupts the energy transfer
complex by competing with biotin-P1(3,4,5)P; for binding to the GRP1 PH domain, resulting in a
decreased fluorescent signal. Inhibitors of PI3K in the reaction prevent a decrease in the fluorescent
signal.

[00222] PI3K enzyme (325 pM) was incubated with di-C8 PI(4,5)P, substrate (3.5 uM, CellSignals,
Inc.) in assay buffer (50 mM HEPES pH 7.0, 5 mM DTT, 150 mM NaCl, 10 mM B-glycerophosphate, 5
mM MgCl,, 0.25 mM sodium cholate, 0.001% CHAPS) containing 25 pM ATP and 0.5 pL of test
compound (in 100% DMSO) at multiple concentrations in a final volume of 20.5 uL in 384 well plates
for 30 rmn at 22-23° C. The reaction was terminated by adding 5 puL of detection buffer (50 mM HEPES
pH7.0, 5 mM DTT, 1 mM NaCl, 10% Tween-20) containing EDTA (90 mM) and biotin-P1(3,4,5)P; (150
nM, Echelon Bioscience) to each well. 5 pL of detection buffer containing GST-fused GRP1 PH domain
protein (210 nM, Millennium Pharmaceuticals), anti-GST-Europium tagged cryptate antibody (2.25 nM,
CisBio), Streptavidin-XL (90 nM, CisBio) and potassium fluoride (240 mM) were then added to each
well and incubated for 1 hour. Fluorescent signal for each well was then measured on an LJL_Analyst
(Molecular Devices). Concentration response curves were generated by calculating the fluorescent signal
in test compound-treated samples relative to DMSO-treated (0% inhibition) and EDTA-treated (100%
inhibition) controls, and concentrations producing 50% inhibition (ICsy values) were determined from
those curves.

[00223] Example 2: PI3K Cell Assays

[00224] Forkhead Redistribution Assay



[ 00211] 4-chl oro-2-norpholin-4-yl1-1,3-thiazol e-5-carbonitrile (0.200g,
0.871 nmrnol), 2,4- dichlorophenyl boronic acid (0.249g, 1.31 mmol),

bi s(tri phwoygbphiasphi ne) pal | adi um di chl oride (0.061g, 0. ®@8TAWSAMYIN3I60B0di UM
carbonate (0.184g, 1.74 mvol) were talen up in DVE (3 nL), ethanol (1 ni)
and water (1 nlL) and rnicrowaved at 125 for 30 mnutes. M xture was dil uted
with ethyl acetate (10 nL) and extracted. The organi c phase was dried with
sodiumsul fate, filtered and evaporated. |SCO purification on silica gel
using 10% ethyl acetate in hexane to 50% et hyl acetate in hexane afforded
the title conpound (45 ng, 15%. LCMS: (FA) ES, 340. I1-1 NWVR (400MHz,
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(m 4Hy 1
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yl | nor $theptavidia (D@z2kbh Y andigkdwh eéveafight in a humidified chamber at 37° C. The cell culture media

4- (2, 4-di chl or.ophe 2- nor I| - 4- t hi azol e- 5- xam.de ,
0. S5 mavir eyt SR TR s e PR T ot S i ORERD SShige 085 P
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reaction was concentrated in vacuo. The residue dissolved in acetic acid
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was renoved I n vacuo, the residue was diluted wth water (1 rnL)
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nuclear

50% inhibition (ICsy values) relative to the positive control were determined from those curves.

[00227] Example 3: Anti-Proliferation Assay

[00228] ATPlite Assay

[00229] The ATPLite™ (Perkin-Elmer) Assay measures cellular adenosine-triphosphate (ATP)
through the generation of a luminescent signal formed from the ATP dependent enzyme firefly luciferase.
The luminescent signal intensity can be used as a measure of cellular proliferation, and therefore the anti-
proliferative effects of PI3K inhibitors.

[00230] Test compounds (4 uL in 100% DMSO) were diluted in 75 pL of Hanks Buffered Saline
Solution (Invitrogen). The diluted test compounds (8 plL) were then added to 384-well TC-treated
Black/Clear plates (Falcon). HCT-116 cells (American Type Culture Collection) maintained in McCoy’s
5a modified media (Invitrogen) containing 10% Fetal Bovine Serum and 1% Penicillin-Streptavadin were
added at 1000 cells per well. H460 cells (American Type Culture Collection) maintained in RPMI 1640

containing 10% Fetal Bovine Serum and 1% Penicillin-Streptavadin were added at 1500 cells per well.



[ 00221] The PI 3K enzynme HTRF(r) assay makes use of an energy transfer
conpl ex conprised of biotin-Pl(3,4,5)P3, Europhiumlabel ed anti-GST

nonocl onavoantyisedy, a GST-tagged CGRP1 pl eckstrin honol egy/uskdp/oossnmi n, and
Streptavidin- APC (al | ophycocyanin). Bécitation of the Europiumin the
conmplex results in a stable tinme-resol ved fluorescence resonance energy
transfer (FRET) signal. Phosphatidylinositol 3,4,5 triphosphate
(P1(3,4,5)P3, the product of PI3K, disrupts the energy transfer conplex by
conpeting with biotin-Pl(3,4,5)P3 for binding to the GRP1 PH domai n,
resulting in a decreased fluorescent signal . Inhibitors of PI3K in the

r eact | Bif GsHeventhen infabatedhwish Fompayad i 3 byaidfish chambgnal 37" Cdopahoup. SRhedissne

(325 pMre RE rdrited abRdndtdintuttireBaRBdré am) Aﬂ%wéy QS@BT%%E( - réorﬁ\l}émcpéf%t&r&f&ry@l s,
Inc.) in assay buffer (50 nM HEPES pH 7.

P- gl ycainophibSphdt el o celvryGlmedia vag rmwwécfrqzmmhowdt and 25 Obmﬁ/A@PmPS?agem
cont ai { It
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wel | . @mples relitivdae SUN$Ortreited entratn pndigriwily iB®itidnuded) @RFBE Wie dleterrined fromei n
(210 n@%%?kk:gnniun1PharnaceuticaIs), anti - GST- Eur opi um t agged cryptate
0

antib . nM Ci sBio), Streptavidin-XL (90 nM Ci sBi o) and potassi um
fl uori®823140 Am\@etaisbd etbowemomddeds tod theghvemidnl inhibit PIREub&t eeftdirp embodioents,

Fl uorescent sigpal. for ach neasu an LJL An st ..

(v ecirzpingg of BE apveoiRine Koosme Daboh R Epbalimills g PEY fyenton

cal cul givé BgIdsbe F.d wer eﬁaﬂmtheﬁlegmaalmeﬁtsl@&tpomwﬂma gntitRathace SAPbe.1 pM.
relative to DVBO-treat ed (0@6|nh|b|t|on) and EDTA-treated élOO@blnhlbltlon)
cont r ol0823Z g Wilswsnav e fessrRed mtmber Aesssiments afithis Byyentiop s apRAERISHatREY o
det er npaREx k0 hdyaQlteldd ¥ 5rovill O BRI mbedmimtsewRich RhIBK tieeddmpbasR¥tid hiehddd]
For khead Redistribution Assa 64 [00225]Inhibition of PI3K in cells can be
asses s¥fdhig @vejioph dhereferent 3all Re eprssaiatest thatdhe ssereRf tiisinyeRHigds to edgiped yiths ed

t o ECRRplfaex efbfindE iR} umpsemsagedific YRERIIMSAEOSREI AR 6Rh|rSprbRarb i geway 6f t he
cytoplasn1mhen the PI 3K pathway is actively S|gnaI|ng | nactivation of

pat hwe§*2®Pl§nal i ng | eads to a translocation of the protein fromthe
cytoplasmto the nucl eus. Therefore, pathway inhibition can be neasured by
gquantifying the fluorescent intensity of FoxolA-EG-P wi thin the nucl eus.

[ 00226] W2CS cells constitutively expressing FoxolA- EG-P (6500 cells/well)
were plated onto the inner 60 wells of 96 well dishes (BD Fal con OPTI LUX

bl ack clear bottom in 100 gL of cell culture nedia (DVEM (I nvitrogen)
cont ai ning 10% Fetal Bovine Serum (HyC one) and 1% PenicillinStreptavidin
(I'nvitrogen) and grown overnight in a humdified chanber at 37 C. The cel
cul ture nedia was renoved and the cells were rinsed with 100 gla of |ow
serum nedi a (DVEM cont ai ni ng 0. 933% Fetal Bovine Serum and 1%

Penicillin-Streptavadin) and incubated in 75 141- of |ow serumnedia for 1
hour in a hum dified chanber at 37 C. Test conpounds (25 gL) at nultiple
concentrations suspended in DVEM containing 1% Penicillin-Streptavadin were

added to cells and incubated in a humdified chanber at 37 C for 1 hour.
The medi a was renoved and the cells were fixed in 100 !'lIL of 4%

par af or mal dehyde i n phosphate buffered saline (PBS) for 10 mn and then
washed with 100 M. of PBS. DRA® m x (100 AL, Alexis Biochem cals) diluted
1: 5000 in PBS containing RNAase (1:10,000, Sigm) was added to cells for 30
m nutes. The plates were then inaged (16 fields per well) using an Opera

| mmger (Evotec) and FoxolA-EGFP fluorescent intensity within the nucl eus
(DRAQG- positive) was quantified using Acapella Software (Evotec).
Concentration response curves were generated by cal culating the nucl ear
fluorescent intensity of Foxo-1A EGFP in test conpound-treated sanples and
concentrations producing 50% i nhibition (I1C50 values) relative to the
positive control were determ ned fromthose curves. [00227] Exanple 3:
Anti-Proliferation Assay [00228] ATPlite Assay [00229] The ATPLiteTm
(Perkin-Elmer) Assay neasures cellul ar adenosine-tri phosphate (ATP) through
the generation of a |um nescent signal fornmed fromthe ATP dependent enzyne
firefly luciferase. The | um nescent signal intensity can be used as a
nmeasure of cellular proliferation, and therefore the anti-proliferative
effects of PI3K inhibitors. [00230] Test conpounds (4 AL in 100% DMSO) were
diluted in 75 pth of Hanks Buffered Saline Solution (Invitrogen). The
d|Iuted t est conpounds (8 gL) wer e then added to 384 mell TC—treated

P I~ T 1 17T A A 7~ o o ~ 1



The cells were then incubated with conpound in a humdified chanber at 37 C
for 72 hours. The plates were then renoved fromthe cell culture chanbers
and al | ows0 20@/8quill i brate to roomtenperature for 30 neCTAISRodbw36AD ) 11. .
of cell culture nmedia was renoved fromm each well, and 25 gl of ATPlite
reagent (Perkin Elner) was added to each well. Lum nescence was neasured
within 5 mnutes of adding the ATPlite reagent on a LEADSeeker Lum nescence
Counter (GE Healthcare Life Sciences). Concentration response curves were
generated by calculating the | um nescence decrease in test conpound-treated
sanples relative to DMSO-treated controls, and growh inhibition (IC50)

val ued0023d dasdetiled @bgveo somprysds ofithe invertpg 2ighipit AI3Ket Wi ¢esiging prabadiments,
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of the,j ntiqn have an | <0. 00232 i.le we have described a
o Lo OB e S B Eestred & b s bop nents ob i, Pustiop L ot e qur
exanplasic BRiynphs nadytbeaBéted © 6 \Idd GtRer@imbadinRAOWhicEmilze thattomPoutids bhdZethbd

conmpounds and nethods. of this invention. Therefaqre, it wll be reciated
t hat t g“%‘%‘ﬁ’é‘%’f Ji]’?eﬁ?fgrei WQL'P‘? ?Pr?“?c?‘etddp%éhecfé‘?ﬂer? Pippvengen Eﬁﬁgﬁﬂ‘%ﬁgg?’éf%

r at herappdnded biinishettzp @ah fiyCthe spadidremnbsdimihi, Gihitla ke e lRem répeRemsE BY achybyf way
of exanglq. 66 [ 00233] As detail ed above, conpounds of the invention

i nhi bi*“B¥'8K. In certain enbodi ments, conpounds of the invention have an
IC50 < 5.0 W In other enbodi nents, conpounds of the invention have an | C50
< 1.0 AM In still other enbodi nents, conpounds of the invention have an
IC50 <0.1 tthl. [00234] Wile we have described a nunber of enbodi nents of
this invention, it is apparent that our basic exanples may be altered to
provi de ot her enbodi nents, which utilize the conpounds and net hods of this
invention. Therefore, it will be appreciated that the scope of this
invention is to be defined by the appended clains rather than by the

speci fic enbodi nents, which have been represented by way of exanple. What
we claimis: A conmpound of torinuia 1: or a pharmaceutically acceptable
salt thereof, wherein: Y1 is S. 0, or NR3, wherein R8 is hydrogen or an
optionally substituted CI Y2 is Cor Pi, wherein when Y2 is C, Ris

H, hal ogen, --Z-R3, CLe., aliphatic, or 3-10- nenbered cycl oaliphatie, and

wherein when Ns is N R3 is absent; wherein: Zis selected from an
optionally substituted C. 3..3 al kylene chain, -0-, -1Sfille8)-, , -3(0)--,
-S5(0)2-, -C(0)--, -C®2-, -N(R8)(0)-, -MR "a)C™x®2-, -5(0)2,NR 8-,

N(Ri a) S(0)2-, -0C(0)/3fR 1-, -/s1(e)C(O)NR "-, -N(R L)3(0)2N(R ')-, or



R18 is hydrogen or an optionally substituted Cts aliphatic, and R8 is
an optionally substituted group selected fromC ,laliphatic, 3-10-nmenbered
cycl oal i phatie, 4-1 O-nmenthered heterocyclyl having 1-5 heteroatons

i ndependently sel ected from nitrogen, oxygen, or sulfur, 6-10-nenbered
aryl, or 5-10-nenbered heteroaryl haying 1-5 heteroatons i ndependently

sel ected fromnitrogen, oxygen, or sulfur; R2 is 13, hal ogen, -WR5, or
-R5, wherein: it',7 is selected d7rom an optionally substituted Cm

al kyl ene chain, 43-, -MR28)-, - 5-, -5(0)-, -3(0)2-, -C(0)-,

-02, - MR28) - C(0) -, -N(R28)CO2-, -s(0)2NR22-, -N(es)s(0)2-,-NT2"ineyNa2a-,

- N(R28) 3( apa8)-, or -0C(0)-. R28 is hydrogen or an optionally

substi t utied C34o@pduphdttirpla &nd Rs is an optionally substituted group
selected fromC. 5 aliphatic, 3-10-i r&en‘oer ed cycloaliphatic, 4-10-nenbered
heterocyclyl haying 1-5 heteroatons | nde%gndentl y selected from nitrogen,
oxygen, or sulfur, 6-10-nmenbered aryl; 5-10- nenber ed het eroaryl having
1-5 heterciam ns independently s®i e from nitrogen, oxygen, or sulfur;
Xi. Xi, and X; are each independently; r-X¢R6, wherein each OCCUTI CElI CC of
R' is independently hydrogen, -CV, hal ogen, ,/‘XT V-R7. C,_6 aliphatic, or

3-10- nenber ed cycl oal i phatic, wherein: SXg selected froman optionally
substituted Cl.; aticylerie chain, ---N(R S ,-C(0)-,-c(0)Na6a-,
-1402-,¢c(0).; -NGR (ncar, -s(0o),Nr-, - 1A-R6Nn)s(0),-, -oc(0)NR6-)-,
-1,4(t)cwoﬁph?@@c?“ticwEﬂc?Psa(Ob)S?lNg‘qlﬁO.ﬂ)Wh?f)‘inbr -00(0)-. R(' is hydrogen or an

optional 'y sulsiist diteSRCnferdih R mAtde&h or @btionally subdti@itdd®, Alpragd; i onal |y
substituted group.se ecfl eqn fror C«’éli | phat ,C—'Cgﬁﬁg)l?) reg,_e_r%lgr ed (fiﬁcapgloir Rhatic,
4- 10- menber ed "h&t &Poty &Y Wg??l% I'5 “hé&t'ero i HdepehdBRtTy °Sel ect ed
from ni t rmogémed oxlyagighytic,and sherdiruvhen B is OnRiib@sad waeyih;, or 5- 10- menber ed
hetemaryl haying 1-5 hefiefatlOfisanPHARRERARRLY cSEhaEietid LOMMik by 0gen,
oxygen, or sulfur; N y B N
, -S(0)-, -S(0),-, -C(0)-, -CO,-, -C(O)NR *-, -N(R)C(O)-, -N(R ™)CO»-, -S(O);NR -, -
N(R')S(0),-, -OC(O)N(R")-, -NR')C(O)NR"-, -N(R"*)S(0).NR)-, or -OC(O)-;
R™ is hydrogen or an optionally substituted C, 4 aliphatic, and
R? is an optionally substituted group selected from C, aliphatic, 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur;
R?is H, halogen, -W-R® , Or -R® , wherein:
W is selected from an optionally substituted C, 5 alkylene chain, —O-, -NR®-, -
S-, -8(0)-, -S(0)5-, -C(0)-, -CO»-, -C(O)NR™-, -N(R*)C(O)-, -N(R*)CO,-, -S(0),NR™-,
NR™S(0),-, -OC(O)N(R?)-, -N(R*)C(O)NR?-, -N(R*)S(0),N(R*)-, or -OC(O)-.
R* is hydrogen or an optionally substituted C,_4 aliphatic, and
R? is an optionally substituted group selected from C 4 aliphatic, 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur;
X, X,, and X3 are each independently N or CRS®, wherein each occurrence of RCis independently

hydrogen, -CN, halogen, —V-R7, C,¢aliphatic, or 3-10-membered cycloaliphatic, wherein:



wherei n each occurrence of le is independently4ck or -Tried, wherein:

each occurrence of re', as valency and stability permt, is independently
fluorine, =0, =5, -CN, -N®, -1e%-N(r)2,-3(0)21lec, -C(0)R45, -C(0)01leb, -
co0)N(r)2, -sohNT(R152, -oqvi N(R452, -N(Rk)ic(o)fta, -rAklc)so2Rlc,
-N(lec)e(0)N(R412, or --14(e)S02, N(R4b)2, or two occurrences of 121), taken
together with a nitrogen atomto which they are hound, forman optionally
substituted 4-7-nmenbered heterocyclyl ging haying 0-1 additional
heteroatorris selected fromnitrogen, oxygen, or sulfur; each
occurrence of RI' is independently hydrogen or an opti onal |y substituted
group sel ected from C. Gisadlécphatin@n ooy fﬁbﬁhﬁerdeliganwelneaiahpld AN{REY)-, -S-

hi merithered heter og&sl Ysj(0)h \6{(@9 é%Z 1%&} %@{& @m%&q&% I(r?é | ect ed

from ni trogen, oxygﬂkg or sul ered
hoteroaryl haying NE5)Heker@HPBHR" X‘ﬂH@p&ﬂ@MTyN(sRe BOruR® frf@n@@(pb rogen,

oxygen, or SI31 [U; R%™ishragh &eﬁ&ﬁhmnﬁﬁbﬁiutéd@ !;a‘ilplhaﬂéj@mndem ly an
optionally substi t ut ed Irgirboup se er ed

cycl oal i phatic, 4-10- e@@?fmﬂ%@é?bét&}t&‘{%??“pg‘g?fteﬂép T%g arcffBlfaE? 3&9 SWgEered
i ndependent |y sel eatcediphatio- 1krhandeedheteorcyudye hyvingrl -5Sulefounms Gdeprdenepber ed
aryl, or 5-10- rrenbseriea@m&ﬁﬁrrpg@ﬁ xkygaaw staﬂur%ﬁ) @&%@&9%910&% ﬂo%ieﬁ@a@adent ly

sel ected from nitrogen, or sul each” occurrence of

R ndependent |y hydf&GEH! Wmaﬁ 56'5‘9%%1 ‘P‘S‘FP‘%‘%@I( Tetegiediom U pasPrsBYERY O

cycl ordi phati e, 1- 164menber ed heterocyclyl haying |5 heteroatorns

i ndependently sel ected fromnitrogen, oxygen, or sulfur, 6i0-nenbered aryl,
or nenbered heteroaryl havi ng 1-5 heteroatons i ndependently selected from

ni trogen, oxygen, sul each occu of R is independently
hydr ogen or an (" ﬁ@)) "Fl %ut”@d)

Ballphatlc p; and Ti is an

optionally substitut CiNTki al k ¢ ain \;\/ne e| n the al kyl : one chain
optionally is interruS’)-e‘é - N( - 0- -S(0) - -S(0)2- -C(0) -
~C(0)0-, -S(0f2NtR4a) - -oq 0)N(134%) -, NOR 4a K.:(0).-, -N(R4), S02- .

wherein each occurrence of R* is independently-R* or -T,-R*, wherein:

each occurrence of R*, as valency and stability permit, is independently fluorine,
=0, =S, -CN, -NO;, -R¥, -N(R™),, -OR®, -SR*, -S(O),R*, -C(O)R®, -C(O)OR™, -
C(O)NR™),, -S(0)NR™),, -OCONR™), -NR*)COR®, -NR*SO,R*, -
N(R*)C(0)OR™, -NR*)C(O)NR™®),, or -N(R*)SO,N(R™),, or two occurrences of R*,
taken together with a nitrogen atom to which they are bound, form an optionally
substituted 4-7-membered heterocyclyl ring having 0-1 additional heteroatoms selected
from nitrogen, oxygen, or sulfur;

each occurrence of R™ is independently hydrogen or an optionally substituted
group selected from C,.Cs aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R* is independently an optionally substituted group selected
from C,.Cgaliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from

nitrogen, oxygen, or sulfur;



-Ntj eb)C(0)O0-,
0- of wherein T3 or a portion thereof optionally forns part of

6C(Q N(R4" ) -

“NR' C(O)N(R4')-, -Nitt4")S(0)2N(Ri -, -0C(0)-, or

an optionally substituted 3-7 nmenbered eyel oal | phatie or heterocyclyi
slor 2, pis O I, or 2; and represents a singLe or double
bond. 2. The conpound of laint 1, wherein one or nore substituents are
selected from(a) Y, is S, (h) Y2. is C (c) Rl is CNor H

nis 0-6; tni

R2 is an opti

het eroaci d having 1-5 heteroatoins indepencintly sehnted from nitrogen,

onal Iy substituted 6-10-m®nbered aryl, O 5i O-nenbered

ring,;

(d)

oxygen, or sulfur; (a) nis 0-2; or, (f) 3. The conpound of claim2, wherein

t he conpound

is repres éiﬂfﬂ]@ﬂ:l]ﬁvwe of-f!o is independently hydrogen or an optionally substituted 3-
10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms

independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-
membered heteroaryl having 1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur;
each occurrence of R* is independently hydrogen or an optionally substituted C;.
¢ aliphatic group; and
T, is an optionally substituted C,.Cq alkylene chain wherein the alkylene chain
optionally is interrupted by NR*)-, -O-, -S-, -S(0)-, -S(0),-, -C(0)-, -C(0)O-,
-C(O)NR*)-, -S(O);N(R™-, -OC(O)NR*)-, -NR*)C(0)-, -N(R*)SO,
-N(R*)C(0)0-, -NR* C(O)NR™)-, -NR*)S(0),N(R*)-, -OC(O)-, or -C(O)N(R*)-O- or
wherein T or a portion thereof optionally forms part of an optionally substituted 3-7
membered cycloaliphatic or heterocyclyl ring;
n is 0-6;
mis 1or?2;

pis 0, 1, or 2; and

------ represents a single or double bond.

The compound of claim 1, wherein one or more substituents are selected from:

(@) Y,is S;

(b) Y,is C

(c) R'isCNor H;

(d) R?is an optionally substituted 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5

heteroatoms independntly selected from nitrogen, oxygen, or sulfur;

(e) nis 0-2; or

() R*is—R*.
3. The compound of claim 2, wherein the compound is represented by:
R! R!
R R2 R2
R? cy— | cy— [
ov— | s N S

N
— s — .\N
R"
S ,,N\N HN\_/ei HNq{
HN\ // RE

N RE



1-AFI /.7 C 6YvVv I-Bl-c RL R2 ---(1/Fis l..... R6 HN 4 -1-1)1-E
4. The conpound of claim, wherein R2 is a 3-40-nenbered cycicaliphatic,
4-10- menber ed

70
I-A I-B I-C
R1
R? R!
cv— | R® R2
S e cY 74 | R®
N
HN \f( S =
p 6
HN~
R® . or N
I-D I-E
4. The compound of claim 1, wherein R? is a 3-10-membered cycloaliphatic, 4-10-membered

heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur 6-10-
membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, optionally substituted with 1-4 independent occurrences of R’, wherein R’ is—
R”, -T,-R*, or -V,-T,-R*, and:
each occurrence of R” is independently halogen, -CN, -NO,, -R*, -N(R*™),, -
OR™, -SR*, -S(O)R*, -C(O)R*, -C(O)OR®, -C(O)N(R™), -S(O)N(R™), -
OC(O)N(R™),, -N(R™)C(O)R”, -N(R*)SO,R”, -N(R*)C(O)OR”, -N(R*)C(O)N(R™),,
or -N(R*)SO,N(R®),, or two occurrences of R”, taken together with a nitrogen atom to
which they are bound, form an optionally substituted 4-7-membered heterocyclyl ring
having 0-1 additional heteroatoms selected from nitrogen, oxygen, or sulfur;
each occurrence of R” is independently hydrogen or an optionally substituted
group selected from C,.Cs aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R* is independently an optionally substituted group selected
from C,.Cgaliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;
each occurrence of R is independently hydrogen or an optionally substituted

from 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5



het erocycl yi having 1-5 heteroatorns independently selected from nitrogen,
oxygen, or sulfur 6- 10- nenbered aryl, or 5-10-nenbered heteroaryi having
1-5 hetcroatons i ndependently selected fromnitrogen, oxygen, or sulfur,
optionally substituted with 1-4 independent occutrences or R9, wherein RO
is-R 99, -T2-r, or -2,12-7172-R942 and: each occurrence of le is

i udepe9deEi I iy hal ogen, -CN, -NO2, -R99,- OR95, SR9, S(0)2R9', -43(0)R 95,
-C( Ortt(R91)2, -S(0)2N(R9b)2, - OyOIN(ROb) 2, -1\i(lell)C(0)R9Db,

-N( 1299, 002R91 -N(R9") C(0) OR9b, -N(R99)0(0)N(R9)2, or --NR99)802N(R95) 2,
or two occurrences of r, taken together wth a nltrogen atomto which they
are bound, form anresprionn@idrgndsiilyselscied fred nidogenmergseroe ol e b-¢0-Bayersfl ri ng
having 0-1 additiopalor bﬁbﬁ{e@e&@rnstem}deﬁmgh -§ FRuWalhks FrAERRAentXYBRA, frofl

sul fur; each .occurrence o1 i s independently hydrogen or an
optional Iy substi tUf&H" §’fy5ﬂ1p°rssglf“éct ed fromG _C6 aliphatic, 3-JO nenbered
eyel oal i phatic, 4-10- nemb eredenhed & ociydrpyadentiainidngenior 5n preiply eirgituted C.

i ndependent |y sel ecligdid -@p ni trogen, oxygen, or sulfur, 6-10-menbered
aryl, or 5-10- nmenbered het er oar yl haying 1-5 heteroatons_i ndependently

sel ected from nitrogen 2GR YBEHCe ‘EfrVZésd‘I'dFR?f‘de“ﬂy NR pah-oct@rence of ROc is

llndeﬁe?dent I?)ylgn OBtO)pnatd)y cgohBI-CtmNeﬂ )-QISODHEN (R E)- eocenNm”mmN@kf )C®)-, L h
al i phatic, e o 5 regdshe cyciy avi ng
a5, a9 LA o TRRen g Peteracy

1-5 heteroatons ind y se ected gen, or sul fur,
6- 10- nenbered ar yI-C(QiN(Rg)mranﬂanber ed heteroaryl haying 1-5 betercial onis

i ndependentl%/ séglesect ed szfsgﬂbdé‘lbﬁaglf?%ﬁnuém@?ﬂkyleﬂé’ chaid hfbtEin the alkylenegﬁtf[ﬁht o
occurrence o IS i enden rogen Qr_a [ ubstitute
from . 3- 10- menber ¥ &Y 7‘6&*%%‘1%}]&)’ - '&'ﬁ’gn’gé(?iegs(ﬁg e(lszﬁ !E@ "havi ng 1-5
het er oat 0i ns i ndep€MIAMR)y -S@LET B dOLI@NRT)-ENGYBA( O)oﬂ‘;@@)soz or sul fur,

6-10- menbered aryl y@ ac@éo'ﬁl?@éhﬁﬁ“ﬁeﬁﬁf’%%ﬁl(l{""‘?v'd&‘(b)l oP-CRSNE93).gni s

i ndependeral y sel ect e om ni trogen each occurrence of
RO is i ndependent | {eriidh Strprion ‘*ﬁﬁo%ﬁ?qnéﬁ’gfﬁfylsgﬁh%fﬁ ?H&‘P'@Htﬁu%lt‘é?d 3phati c
group; each occurresgerdtycMAiphgiciondependentd. y -1\ 1(R91-, -0-, -S-, -C(0)-
-C(0)0-, -.C.(O)N(Te')-, -S(0)2N(R9e)--, -.00, 0OLN(R9' )-, -N(R9' ) C(0
,2(1e)S02-, -N(R9)0O(0)0-, -NRN:1(0O)N(P.97)-, -N(WSO02N(R9)-, -0C(0)-, or

- C(0) N( R9c) - (ke coppejind of claim 1, pRereig Ya it Sojt ik ©ned thacompdysd istapteedtef by fo@Bea hyl ene
chain whegein the alkyltsne chain optionally is interrupted by -N(R ) -

-0-, -5-, -5(0)-, -5(0)2-, -(0)-, -C(HQ)O-,

R2
g
\_|_/ . )
(R, il
HN 4 X2
“Xa
II
wherein R' is CN or H.
6. The compound of claim 5, wherein:

R?is an optionally substituted 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or
5-10-membered heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur;

nis 0-2; and

R*is-R*.



-C(0)N(R7)-, -S(0)2N(R7')-, -0C(0)N(R7a)-, -1,1(127'1120)-, -N(R7D)502-,
-N(R7a)C(0)0-, -NR7e C(O)N(R7")-, -N(R7a)S(0)2N(R h)-, -0C(0)-, or
-C(O)N(R7")-0- or wherein 13 or a portion thereof optionally fornms part of
an optionally substituted 3-7 nenbered cycl oalipharic or heterocyelyi ring.
5. The compound of claim1l, wherein 13 is 5, .1(2 is C and the conpound
is2nted by forrmul2 11: ,c-Th R HN OX2 -xs wherein R3 is CNl or H 6. The
conmpound of claimb5, wherein: R2 is anxpptionally substituted 3-10-nenbered
cycl oal i p4- 10- nenber ed het erocydyl hayi'ng 1-5 beteroatons independently

sel ected fromnitrogen, oxygen, ot sulfur, 6-10-nmenbered aryl. O

5-10- menber ed Thedahoad ¥ cldna¥ivwigreth 1R cB8fBi0MepBnikStyt | €pi t Ei i kai l'Y sel ect ed
fromnitrogen, oxygen, or sulfur; is 0-2; and 12.4 72 The_conpound of
claim6, wherein the conmpound i s represented by: R

R R2 R2
2 i { \—
— o} N Q N |
0 N /fl — \*F/ S =4
N s N (R%)n (R, N
4
(Rn HN — '\f/ R6 !
II-A II-B II-C
R1
— R? R!
74 R® 2
0 N | I\ R
\_|:/ S =\ o /4 [ R6
(RYn /
HN—
R6 : or N i
II-D II-E
8. The compound of claim 7, wherein:

R’ is an optionally substituted 6-10-membered aryl, or a 5-10-membered heteroaryl ring having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur; wherein R? is optionally
substituted with 1-4 independent occurrences of R®, wherein R’ is—R**, -T,-R*, or —V,-T,-R*, and:
each occurrence of R™ is independently halogen, -CN, -NO,, -R”, -N(R™),, -OR™, -SR™,
-S(0),R%, -C(O)R”, -C(0)OR®, -C(O)N(R™),, -S(0),N(R®),, -OC(O)N(R™),, -N(R*)C(O)R™, -
N(R*)SO,R*, -N(R*)C(0)OR*®, -N(R*)C(O)N(R™),, or -N(R*)SO,N(R™),:
each occurrence of R® is independently hydrogen or an optionally substituted group
selected from C, Cgaliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or
5-10-membered heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur, or two occurrences of R”, taken together with a nitrogen atom to which they are bound,
form an optionally substituted 4-7-membered heterocyclyl ring having 0-1 additional heteroatoms
selected from nitrogen, oxygen, or sulfur;
each occurrence of R* is independently an optionally substituted group selected from C,.

Cgaliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms



RIR | or 110 The conpound of caim 7, wherein: R2 is an optionally
substituted 6-10-nenbered aryl., or a 5-10-nenbered heteroaryi ring haying
1-5 beteroatons independently selected fromnitrogen, oxygen, or sulfur:
wherein It2 is optionally substituted with 1-4 independent occurrences of
R9, wherein RO is-R9, irre, or --'12-T2-R9d, and: each occurrence of RI is
i ndependently hal ogen, -CN, -NO2, -R9O", -N(Rm /2, -0 -6(0)2R9", -C(0)R99,
-C(0)OR9 -0(0)N(R9b) 2., -S(0)2N(R9b)2,73-0C(0)N(R9b) 2, -N(R9")C(0)R9), -
N(fee) SO2R9", -N(R99)0(0)0r, -1"4,1{9e:i C(OIN(R9Ib)2, or--N(R99)602N(R9i 1) 2;

each occurrence of eb is |nd endent | y h al |
subst | t ut ed gr"ﬁfPﬁ“@%tlyéE“Ecée& G Mt e CH O AR LR R A e
cycl oati phat i bgterddt) havbrgliertedronetieindepyndényly sdrawil figm hirbechetproat oife;

i ndependent|y sel e&gl{a&cjrﬂfe&mopfkgb fs%&@ndeﬁﬁgbﬁgﬁg%en 9r an%Ht&oanfwsut@tltJnQd :})T%Tbel‘ ed

aryl, or 5-10-nmenbered hitteroaryl "having teroat ons | ndependently
sel ect ed from™MPsFEgERealigheyiydnd- msrrlbeéfmhfterecydéslrhambl o BLLIPAHE dWepepfrtRo5, t aken
t oget her W t hsdecRRil ir6:0 g@BgeatoRyBet, dr ATLCH1d- Jﬂeybe&ﬂeryb&tmwrmd‘n%m mer@pt i onal | y

substituted 4, Juiered NeLeronual KoLt g ROYIg. 0l AL 1 ona

het er oat oms &1 'dét each
occurrence of R5" dagh qcrmileﬁenﬂénlts Iiryepamiembthb'@mh Dlyaﬂgutbmll)'tsehsféeie@@@up sel ect ed
fromC C6 al i pfi@hdcGroud- 10- menber ed cycl oal i phatic, 410-nenbered

het erocycl y1 havi nghet er oat ons i nde endeentl cted fromnitrogen,
oxygen, or sul fur, %@‘ qccwe?féﬁ%%wa egrent ON(RS)'iﬁ}fﬁé‘nﬁZQ)eds(ﬂét &rB4ryl havi ng
1-5 het eroat orm(obmdepmndé‘m lsyomk%x:ted(d)wm%‘b MNRDGEN;, -NaRY)gen, or sul fur;

N(R*)C(0)O-, -N R*C(O)N(R*)-, -N(R*)SO,N(R*)-, -OC(O)-, or -C(O)N(R*)-O-; and

T, is an optionally substituted C,.Cg alkylene chain wherein the alkylene chain optionally
is interrupted by -N(R*")-, -O-, -S-, -S(0)-, -S(0),-, -C(0)-, -C(0)0-, -C(O)N(R™)-,
-S(0),N(R™-, -OC(O)NR?)-, -NR*)C(0)-, -NR*)SO,-, -N(R*)C(0)O-, -NR* C(O)N(R*)-,
NER*S(0),NR™-, -OC(0)-, or -C(O)N(R*)-O- or wherein T; or a portion thereof optionally
forms part of an optionally substituted 3-7 membered cycloaliphatic or heterocyclyl ring; and
n is 0-2.

9. The compound of claim 8, wherein:

R’isa phenyl group substituted with 1-3 independent occurrences of halogen, -CN, -NO,, —R9°, -
NR®),, -OR®, -SR*, -S(0),R*, -C(O)R®, -C(O)OR®, -C(O)N(R*®),, -S(0),N(R*),, -OC(O)N(R),, -
NR*)C(O)R®, -N(R*)SO,R*, -N(R*)C(0)OR”, -N(R*)C(O)N(R),, or -N(R**)SO,N(R™)y;

Ris hydrogen, C4alkyl, or C,_sfluoroalkyl; and

nis 0.

10. The compound of claim 9, wherein:

R?is a phenyl group substituted with 1-3 independent occurrences of halo, C,;alkyl, CN, C,.
shaloalkyl, -OC|; alkyl, —OC, ; haloalkyl, -NHC(O)C, 3 alkyl, -NHC(O)NHC, 3 alkyl, NHS(O),C, 5 alkyl,
or -COH.

11. The compound of claim 1, wherein the compound is selected from:



each occurrence of R9'1 isindependently hydrogen or an optionally
substituted 3-10- nenbered cycl oaliphatic, 4-10-inenbered heterocyclyi
having 1-5 heteroatons i ndependently selected from nitrogen, oxygen, or
sul fur, 6-10-nmenbered aryl, or 5-10-nenbered heteroaryl having 1-5

bet eroat orns i ndependently sel ected from nitrogen, oxygen, or sulfur;
each occurrence of R 9e. is independently hydrogen or an optionally
substituted C 6 aliphatic group; each QCCurrence of V2 is independently
-19(fec)-, -0-, -S,-8(0)27, -C(0)-, -C(OIN(.1290h --S(0)2N( Rtk
-0C(10)Nrit-, -N(Rhe(0)-, -N(it9')S02-, -N(R90)(:(0)0-,1eC(0).N(R,
-N(R9) SO Arel -, (A C(M\(R90) -0-; and T2 4s an optionally
substiiuted G 'CICO yl ene chai n wherein th%] k| em chain optionally is
interrupted by - ")-, -0-, -8-,-C(0)-,c-0C040-, -C. (0O)N(e). -,

-S(0) 2NwBt i -, 0) Nrk95-, -N(R9')C(0)-, -)NKP' 160r,

- 19(290) C( 0) 0+ N4(R92) -, - Nael | 1S(0) » CFs - 0C(0) -, or

-C(0)Nd el 207 ot Wierein Tit or a portﬂer( t her®ol optionally ifOrMS part of
an optiondlly substituted 3-7 menbered eycl oaliphatic or beterocyclyi ring;
and a is 0-2. 9. The conmpound of claim@8, wherein: R2 is a phenyl group
substituted with 1-3 i ndependent occurrences of hal ogen, -CM -NQ2, -
Nrieb)2, -0121, - ) 2Tec, - C(0) OR9, -C(0)N(ieb)2, -S(0)2641(952,
-0C(0)N(R) 2. nc Ni)=ej C(0)R9b, -N(R9")S02129", - P 1(R9)(0)010b,
-N(R9‘)C(%r; \ a; -Nrlee)S02, N(ROb)2; It hydrogen, CCal uor oal kyl ;
and a i1s @_j" 8 ¢, NG,
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10, The conpound of claim9, wherein:
1- 3 i ndependent occurrences of halo,CM C, .
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77 3132 34 i 2.A conposition conprising a conmpound of any one of
clains 1 to 11, a pharnmaceutically acceptable carrier, adjuvant or vehicle
and optionatly one or nore additional therapeutic agents.
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12. A composition comprising a compound of any one of claims 1 to 11, a pharmaceutically

acceptable carrier, adjuvant or vehicle and optionally one or more additional therapeutic agents.
13. A compound of any one of claims 1 to 11 for use in treating a proliferative disorder.

14. The compound of claim 13, wherein the proliferative disorder is breast cancer, bladder cancer,
colon cancer, glioma, glioblastoma, lung cancer, hepatocellular cancer, gastric cancer, melanoma, thyroid
cancer, endometrial cancer, renal cancer, cervical cancer, pancreatic cancer, esophageal cancer, prostate

cancer, brain cancer, or ovarian cancer.



13. A conmpolind of any one of clains | fo |l rot use 13 treating a
proliferative disorder 14. The conpound of claim 13, wherein the
proliferative disorder is breast cancer, bladder cancer, colon cancer,
ghoma, gliohlastorna, |ung cancer, hepatocellular cancer, gastric cancer,
mel anoma, thyroid cancer, endonietrial cancer, renal cancer, cervical
cancer, pancreatic cancer, esophageal cancer, prostate cancer, brain
cancer, or ovarian cancer. 78 15.A co%pound of any one of clains | to 11
for use in treating an inflammuatory or cardiovascul ar disorder. 15, The
conpound of slain) 5 wherein the inflammatory or cardi ovascul ar di sorder
is selected frammboitrogi®shadtapiiyl axiiFor vt trériad iFhmenbs ok afdieairabd on,
rheunatoilygkthritis: aut oi nmuni ty di sorders, thronbosis, hypertension,
cardi ac hyperfrophy, and heart failure. 17. An ex-vivo nethod of
inhibiting Pl 3K activity in a biological sanple, which nethod conprises

cont act i ngs. saidle RinPbAFbEAlim S AMBEEIn We ihaBmEQTBOURELy QLA N0 & O iRl 1 to
or a cq£§05|t|o s comprising sai d compound, f a conpound of

18. Use o
any one of “ElCHMRRVIAFY 29U A i AT iFEnatotd athrtis AU OHRRIHY FIF9 ey r ead a
prol i f er athiowdosthi igperaedon, @rliak hfpk@npigl @d yeadif:sioeder or a cardi ovascul ar
di sorder. 19, The use of claim 18, wherein the proliferative disorder is
breast cancer, bladder cancer, colon cancer, giiotna, gliohlastoura, |ung
cancer, hEpat deeriit ApthdghpbipitingRi3K pityiteian dislogicttamptrorach mafpd epraprisgincer |
endoner r i @hta@AR T biolégRARhmASNBLS comP &MY bGAY orfe 3NESMs 1 BANE RBhp&itiEANCET ,
esophageal cancer., grostate cancer, brain cancer, or ovarian cancer. 211The
use of cl R SIAFEPE t he infl ammatory or cardiovascul ar disorder is
sel ected from all ergi es/ anaphyl axis, acute and chronic inflanimaiion,

rheunat oi g ar tyg i,ftaic%poaw&iamm@sftc}sin@ii 1901 GG S mab M RIRPS hnSaicaURES eI Y M

cardi ac hyperirophy, and heart failure. ) )
a proliferative disorder, an inflammatory disorder or a cardiovascular disorder.

19. The use of claim 18, wherein the proliferative disorder is breast cancer, bladder cancer, colon
cancer, glioma, glioblastoma, lung cancer, hepatocellular cancer, gastric cancer, melanoma, thyroid
cancer, endometrial cancer, renal cancer, cervical cancer, pancreatic cancer, esophageal cancer, prostate

cancer, brain cancer, or ovarian cancer.

20. The use of claim 18, wherein the inflammatory or cardiovascular disorder is selected from
allergies/anaphylaxis, acute and chronic inflammation, rheumatoid arthritis; autoimmunity disorders,

thrombosis, hypertension, cardiac hypertrophy, and heart failure.
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