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PHOSPHATIDVLINGSITOU 3-KINASYE INHIBITORS

FIELD

RE Y, The prosent disclosure relates generally to inhibitors of phosphatidylinesitol 3-
kinase (PI3K} activity and, more specifically, fo novel compounds that are selective inhibitors

of PIAK soforms,

BACKGROUND

{8082} Cell signaling via 3 -phosphorylated phosphoinositides has been fmplicated in a
variety of cellular processes, e g, malignant transformation, growth factor signaling,
inflammation, and tunity. See generally Rameh ef af, J Biol Chem,, 374 83478350
{1999}, The enzyme responsible for generating these phosphorylated signaling products is
phosphatidyinositol 3-kinase (P1 3-kdnase; PIK), PIK origioally was identified as an
activity associated with viral oncoproteins and growth factor receptor tyrosine kinases that
phosphoryiate phosphatidylinesitol (P1) and its phosphorylated derivatives at the 37 -hydroxyl

of the inosifol ring. See Panayotou ef gi., Trends Coff Biol 2:358-60 (18921,

RE LG Presently, three olasses of the PI 3-kinase (PI3K) enzymes are distingnished,
hased on their substrate specifictiies. Class 1 PI3Ks can phosphoryiate phosphatidvlinesitol
{PI}, phosphatidvlinositol-4-phosphate, and phosphatidylinositol-4 S-biphosphate (FIP;) o
proaduce phosphatidylinostiol-3-phosphate (FIF), phosphatidylinositol-3 4-biphosphate, and
phosphatidylinesitol-3,4, S<riphosphate, respectively, Class I PI3Ks phosphoryviate PY and

phosphatidyiinositol-d-phosphate, whereas Clags IH PI3Ks can only phosphorylate PL

{N04] The initial purification and molecular cloning of P 3-kinase revealed that it was a
heterodimer consisting of p&S and pl10 subunits. See (isn er ol Cafl, $5:91-104 {1991}y,
Hiles et af , Cefl, 70:410-28 (1992}, Since then, four distinet Class { PI3Ks have been
idemtified, designated PI3K «, §, §, and v, each consisting of a distinet 110 kDa catalytic
subonit and & regulatory subunit. More specifically, three of the catalytic subunits, {2,
pl10e, pLIGE, and p1108, cach interact with the same regulatory subundt, e, p¥5, whereas
pi10y interacts with a distinet p101 regulatory subunit. As described below, the patterns of

expression of cach of these PI3Ks in homan cells and tissues also are distinet.
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EHEERY Identification of the pl103 soform of Pl 3-kinase is described in Chantry ef ol , 1
Biod Chem,, 272:19236-41 (1997}, It was observed that the human pl10d isoform (s
gxpressed in & Hssue-rostricted fashion. It iy expressed gt high levels in lymphocyies and
tymphotd tissues, suggesting that the protein might play a role in PI 3-kinase-mediated
signaling in the mmune system.  Details concerning the pl 108 isoform alse can be found in
U8, Patent Nos. 3,858,753, 5,822,910; and 5,945,589, each of which is incorporaied herein
by veference. See alce Vanhaesebrosck ef ol | Proc. Nasl Acad Soil US4, §4:4330-5 (1997
and WO 97746688,

{60861 A need remaing, however, for additional therapentic sgents usefil to treat
proliferative disorders or diseases that are medisted by PI3K. The present fovention provides

novel compounds that are inddbitors of PIIK {soforms.

SUMMARY

RS The present application provides novel compounds that are inhibitors of FI3K
isoforms. The application also provides compositions, inchuding pharmaceutical
compositions, kits that include the compounds, and methods of using and making the
compounds, The compounds provided herein are useful in treating diseases, disorders, or
conditions that are mediated by PI3K isoforms. The appleation also provides compounds for
use in therapy, The apphication further provides compounds for use in a method of reating a
dissase, disorder, or condition that is mediated by PIX isoforms. Moreover, the application
provides uses of the compounds in the mamufacture of 8 medicament for the reatment of a

disease, disorder or condition that is mediated by PI3K isoforms.

REER In one aspect, provided is a compound having the structure of formmuda (0
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At NorTH;
nisd 1,2, 3, ord;
misd L2, 3 o4
each R' is independently sclected from optionally substituted alkyl, optionally
substituted haloglkyl, optionally substituted arvl, optionally substituted heteroaryl, halo,
eyane, NHOEOIkylens MR Y, NGy, OR™, NIR™,, OCEOIRY™, CEOIRY, C=GioRY,
aryl-OR Y, optionally substituted eycloaliy], optionally substitated heterooyeloalkyd,
NRPCERkviens-CEMORY, aryl-O-alkviene NER ™y, arvlO-C=0RY alkylene-
CE=MORY, allkvlens-CEOINR™Y, alkviens-CE=0-Het, O-alkylens-Ci=(OR™, alkyviene-
Oealkylene-CEMORY, CEONRPSORY, allvlene-NR ™, slkenvlene-N{R™),,
CE=OMNR S alkyleone-OR ™, CE0INR Palkyviene-Het, Gralkylene-N{R M, Oealloylene-
CHIORYICHNER ™, O-alkyiene-Het, O-alkylene-CEOIORY, Omalkylone-O=0)-Het, S
atkylene-OR Y, Qralkylene-OR™, 0.0 salloviene-CHIOR M0 salkylene-OR ™, O-alkylene-
NRUCEGOR™, NRMallovlene-NR P, NRFUCEORY, NRPCEOINR™,, NSO-allyiy,
NRHSC-alkyl), SCuR'E SOuNR ™y, alkyviens-aryl, alkylens-Het, alkylene-ORY, alkylene-
NERP L, CEOINERP ), NHCEO alkvlene-aryl, arvl-Cralkylene N(R ™, arvi-OCEORY,
NHC{E=Glkviene-heterocycloalbyl, NHCEOalkvisne-Het, O-allviene-Cualkvlene-
CEOORY, C=0alkyiene-Het, and NEHCEO halo-alkyl,
wherein Het is optionally substifuted hetevcaryl or optionally
substitutedheternoyeloalkyl, wherein R s independenily hydrogen,
optionally substituted alkyl, optionally substituted haloalkvl, optionally
substitnted cvcloalkyl, optionally substituted heteroeyeloalkyl, and optionally
substituted aryl, wherein R is independently hvdrogen, optionally substituted
alkyl, opHionally substiinted haloalkyl, optionally substituted aryl, and
optionally substitnted hetercaryl, and wherstn R'® {5 independently optionally
substitvded allod optionally substituted haloalkyl, optionally substituled
cycloalikyl, optionallvsubstituted heterocycloatkyl, and optionally substituted
aryl;
each R” is independently selected from halo, cyano, optionally substituted alkyl,
haloalkyl, SOMNR™),, and optionally substituted alkoxy,
wherein R™ {s hydrogen, optionally substituted alkyl, or optionally substituted

halaalkyl;
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R® is hydrogen, optionally substituted alkyl, optionally substituted haloalkyl,
optionally substitnted cycloalkyl, optionally substituted aryi, optionally substingted
heteroaryl, or optionally substituted heterooyeloalkyl;

R’ is hydrogen or alkyl, or R and R together with the atoms to which they are
attached optionally formm an optionally substituted four-, five~ or sbt-membered heterocyelic
Ting

R* is oyano, C=OINR™RY, 80,-alkyl, halo, haloalkyl, or CE=0WRY,

wherein each R™ and RY is independently hydrogen, optionally substituted
alkyl, and optionally substituted haloalkoyl;

R® 5 NH;, halo, optionally substituted alkyl, or optionally substituted haloalkyl; and

R7 is Nia, hale, optionally substitnted alkyl, or optionally substituted haloalkyi:

or a pharmaceutically acceptable salt, isomer, or a mixture thereofl

HEEHS A compound having the structore of fonmula ()
. {F{ﬂ}m

(R, VN jﬂj\%]
[\g'\g; r..Rg )
s N\ENQT,‘R’
R Kf‘“N
R @,

AisNor CH

nist 1,2, 3, or 4;

mind L2, 3 ord;

each R is independently selected from optionally substituted atkyl, optionally
substituted haloalkyl, optionally substituted arv, optionally substituted hetercaryl, halo,
cyane, NHCE=Ohlkylene- NER ¥, NGy, ORP, NER™),, OCEOIR™, CEORY, Ce=or ™,
aryi-OR Y, optionally substituted cycloalloy!, optionally substituted heterooyeioalkyl,
NRFCE=ORIene-CE=00R ™, aryl-O-alkviene-N{R M, aryb-O-C=0RY, alkyvlene-
C=00RY, allviene-CE=OTNR Y, allkvlene-C{=0)-Hat, O-alkylene-CEIORY, alkvlene-
O-alkylene-CEORY, CE0INRUSORY, allkviene-N{R ™), alkenylene-N(R ¥},
CE=OINR S alkylens-OR Y, CEOINR Malkyvione-Het, O-alkvlene-N(R ™), Gealkyiens-
CHORMCHNR ™Y, O-alkylens-Het, O-alkylene-CEOIORY, Qallovlene-C(=0)-Het, 8-



WO 2015/200352 PCT/US2015/037234

alkylens-OR™, Gralkylene-OR'S, O-Cpsalkylene- CHIORMICLsalloviene-OR Y, Oralkvlene-
NRUCEOORY, NRY-alkviens-NER My, NRPCEOR™, NRUCEOINGR ™Y, NSO-alkyll,
NRMSOmalkyl), SORY, SCNER™Y, alkylene-aryl, alkviene-Het, slicvlene-OR'Y, alkyvlene
NER P, CEOINR ™, NHOE allovlene-aryl, aryl-O-alkylene-NER ), anyl-OCEMRY,
NHCOE=Opikvlene-heterooyeloalkyl, NHCE slkylene-Het, Gralkylene-O-alkylenes
CEOORY, CeOhalkylens-Het, and NHOGOhalo-alkyl,
wherein Het is optiopally substituted hetercary! or optionally substitated
heterooyeloalkyl, wherein R™ is independently hydrogen, optionally
substituted allcyl, optionally substituted haloalkyl, optionally substituted
cycloatkyl, optionally substifuted heterocycloaliyl, and optionally substituted
aryl,wherein R'Y is independently hydrogen, optionally substitwed allyl,
optionally substituied haloalkyl, optionally substitted aryl, and optionally
substituted heteroaryl, and wherein R™ is {ndependently optionally substituted
alkyloptionally substituted haloalkyl, optionally substituted oveloalky,
optionally substituted heterocyeloalkyl, and optionally substituted arvi;
gach R {s independently selected from halo, cvano, optionally substituted atkyd,
haloalkyl, SONR™,, aud optionally substituted atkoxy,
wherein B* is hydrogen, optionally sabstituted alkyl, or optionally substinuted
haloalloyh
R is hydrogen, optionally substituted alkyl, optionally substituted haloalkyl,
optionatly substituted cycloalkyl, optionally substitited arvl, optionally substituted
hetercaryl, or optionally substituted heterooyeloaliod;
> is hydrogen or alkyl, or R and R® togethsr with the atoms to which they are
attached optionally form an optionally substitoted four-, five- or siv-membered heterocyclic
g
R is oyang, ifi{::{?}NR“R‘@y, 80-alkyl, halo, haloalkyl, or CE=ORY,
wherein each R™ and RY is independently hydropen, optionally substituted
alkyl, and optionally substituted haloalkyl;
R® is NH,, halo, optionally substitoted alkyl, or optionally substituted baloalkyl; and
R is NH,, halo, optionally substituted alkvl, or optionally substituted haloalkyl;
provided that when R and R’ form a S-membered heteroeyclic ring that is optionally

o . 4. & . . T .
substituted with hydroxyl, halo, or methoxy, R7 is eyano, R” is aming, and R is amino;



PCT/US2015/037234

WO 2015/200352

i

Foe)

“©

tr

Sk




WO 2015/200352 PCT/US2015/037234

®? s hydrogen, atkyl, haloatkyl, cycloalkyl, arvl, heteroaryl, or heteroeycloatioyl,
wherein each of the cveloatkyl, arvl, heteroaryl, and heterocyeloaliov] modeties is optionally
suhstituted with halo or alkyl, wherein the alloyl modety is optionally substitnted with -
C{=CINRPRY, wherein cach R™ and RY is independently hydrogen, alkyl, or halealkyl:

R’ is hydrogen or alkyl, or R” and R together with the atoms to which they are
attached optionally form a four-, five- or six-membered heterooyelic ring, whersin the
heteroeyelic ring is optionally substituted with halp, alkyl, haloatkyvl, or NRPCEORY,

wherein R™ s hydeogen or alkyl, and wherein RY is alkyl, haloalkyl, oycloaliov,
cveloalloylalkyl) or alloyl-NH;

1Y is oyane, CEOINRYRY, 80,R™, hale, haloalkyl, or C=0RY,

wherein sach R™ and RY is independently hydrogen, alkyl, and haloalkyl;
R® {s NH;, halo, alkyl, or halealkyl; and
R is NH,, halo, alkyl, or haloalkyl;

or a pharmaceutically accoptable sall, isomer, or a mixture thereofl

HEE In additional embodiments, the PI3K inhibitors are compounds having the
structure of formulae (7)) or (I} whersin
nislord;
misd Lord;
each R' is independently Creallvl, O shaloalkyl, Casoycloalkyl, Ca.
sheterooyeloatkyl, Cygheteroaryl, Ceoaryl, halo, ovane, Us. _:\;_}:v.zryi»QR“y, Crealkviens-Cg.
waryl, Cpsalkylene-Het, Opgalkvlene-Cs sovaloalkyl, Crealkvlene-ORY, Caalkylene-
NER MY, Crsalkenvlene-ORY, O salkenyviene-N{R ), Crealkylene-CEOWIRY, Oy
satlviene-CEOMNR M, Csalkviene-Ce=0)-Het, O ealkylens-CEO0RY, Crgalkyiene-
O-Cpaalkylens-CEOIORY, Cpsalkenyiens NR ), OR', O-Crsallviens-NR™Y,, O-Cy.
calkylens-CHORCHNR ™Y, OO calkviene-Het, 0-Cpaalkvlons-C=NORY, 0.0,
calkylene CEOMHe 00 galkylens-OR, OO calkvlene-CHIOR NG, callovlens-OR Y, O-
o eatkenylone-OR Y, OOy calkenylone-NER ™Y, O-Caliovlene NRPOEORS, 0.0,
calkviens-OaCpgalloylone-CEOOR Y SOMRT, 8.0 ealkvlens-OR™, and SOMNER Y™,
wherein Het is Cygheteroaryl or Oy sheterocycloalkyl, wherein R 45
independently hydrogen, Cigalkyl, Cshaloalkyl, Cypevdloalind, Coparyl, Co.
sheteroeyeloalkyl, and Cagheteroaryl, wherein R i3 independently fydrogen,

Crsatkyl, Crghaloaliyl, Coggaryl, and Cugheteroaryl, wherein R¥ is

3
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mdependently Oy galkyl, O shaloalkyl, Cygoveloalkyl, Cogaryd, Ty
sheterocveloalkyl, and Cy gheteroaryl, and wherein each of Het, &Y rY and
LT optionally substitted with one, two, three, or four members
independently selected from halo, ox0, Urgalloyl, and Cgparyl;

cach B® is independently halo, evane, Crgatkyl, Crehaloaliogl, SON{ Rz"f;w?, wherein
R™ is hydrogen, Creallyl, or Cpshaloalloyl;

RY is hydrogen, Cpealk v, Oy ghaloaliond, Cosovaloalkyl, Corouryl, wherein the €y
salkyl moiety is optionally substituted with ~O{=0INR™RY, wherein each R™ and RY is
ndependently hyvdrogen, Crsaliosl, or Uy ghatoalkyl

R is hydrogen or Crealkyl, or R and R topether with the atoms to which they are
attached optionally form a four, five- or six-mombered heterocyelic ring, wheretn the
heterooyelic ring is optionally substituted with one, two, or three members independently
selected from halo, Cygalivl, Cishaloalkyl, and NRWQ{W 2% where R™ is hydrogen or Cp.
salkyl, and R ¥ ig Cygalloviene-NH;, O alkviene-Cysoveloalkyl, or €y ghaloatkyl;

87 is oyano, CEONRMRY, 80 Crsaliod, halo, Crshaloalkyl, or CEOWRY, wherein
each ™ and RY is independently hvdrogen, Crsalkyl, or Opshaloaliyvl;

R® {8 NH,, halo, Cygatloyl, or Crebaloaliod; and

R is Ny, hale, Oy ealkyl, or Cshaloalkyl;

or & pharmaceutically acceptable sall, isomer, or 3 mixture thereof

{0013 in other embodiments, the PI3K inhibitors are cornpounds having the structure of
formulae (3} or (I} wherein:

nisiord;

misd i or2;

sach R’ is independently Cyalkyl, Crshaloallyl, Ce.roarvl, Cssheteroaryl, Cag
cyeloalord, Crsheterocyeloalkyl, halo, cvano, Crgaltkylene-CHEGYOH, O galkylene
C{EOULgatkyl, Csalkvlene-C=0RCypheteroeyeloalkyvl, O galkvlene-CE04-Cy,
soveloalkyl, Cugalkylene-CE=INH, Cgalkylens-CEOIN{CLalkylh, Clalkylene-
CEOINHO Leallod, Cgalkviene-0-Cgatkviene-C=0Y0H, Callylens-0-O galkviene-
CEOYC galkyl, Crsalkviene-Coparyd, Crgalkylene-Cy sheteroaryl, Creallovlene-Cy.
sheterocycloatkyl, Cgalkylone-Cygovaloalkyl, Crsalkviens-OH, O alkylene-OC galkyl, O-
Crealkylene-N{Cy galky)s, O-Crgaliovlene-NHC Lealky, O-Clgalvlene-NH,, O-C gallkvlene-
CHOOMC, salkviNH;, G-Cpsalkyviene-CHOMC aallpiN{Cy galkolhy, OOy galkylene-

(947
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CH{OMUC LsalkyINHEC, galkyl, O-Cralvlene-UHIOT  aalkyDCealkyiNE,, O-C)galkyvlens-
CH{OC sallyDC LsalkvIN{Cealkylly, OO galiovlone-CH{OC LsalloyDU  ealkyINHC galkyd,
OnCy salkviene-Chsheteroeyeloatkyl, O~ salkviene-Usshetercaryd, O-Cgalkoylene-
CEOOH, O-Csallovlene-CEOYOC salkvl, O-Csalkylene-C{=01Cy sheteroeyeloalloy], O-
Crgalkylene-U{E00 goveloaliyl, OO salkviene-C{=0Caparyl, GO galkylene-OH,
O-Chgalkylene-OC; goveloalkyvl, OWCrsaliplene-OC Laalkyl, O-Csalioviene-CH{OHC,.
salioviene-OH, OCsalkviene-NHOEOOH, O-Clgalivlene-0-Cgalioiene-C{=0MIH,
QSO,CFy, 8- galkviens-OH, ST salkviene-Crghetorooveloalkyl, SOuCs maryl, SG,Ts.
seyvetoatiovt, 800 saltkyvlene-OH, SON{Csalkyl)s, or SO NHy;
whevein each of the Cs.earvl, Crgoveloatkyl, Cogheterooyoloatkyd, and Cy.
sheteroaryl moisties is optionally substitnted with one, twe, three, or four
members independenily selected from fluoro, chlors, oxo, methyl, ethyl,
fluoremethyl, diffuoromethyl, wiffuoromethyl, Sucrosthyl, diflaorosthyl,
triffuoroethyl, and phenyl;
sach R is mdependentty halo, ovano, Trgalivl, O shaloalkyl, and SONH;;
R? 15 Creatkyl, Crshaloalkyl, Csaoveloalkyl, Csiearyl, Crealivlene-C=ONHC,.
salkyvl, Oy galiovlene-CEONH;, or O salkvlene-CEONC saliv)y
R is hydrogen or Crealkyl, or R and R together with the atoms to which they are
attached optionally form a four-, five- or six-membered heterocyelic ring, wherein the
heterooyclic ring is optionally substituted with one or two members independently selected
from halo, Cpgallad, NHCEOC salkvlene-NH;, NHCEOC, ¢ alkviene-Cagoveloalkyl,
NHCEO shaloalkyl, NOLalkylCEO allylone- Ny, NC allontCEMC L alkylene-
5 goveloalkyl, and NCaalkylCEMNC, shaloalkyl
&* is cyann, halo, Cpehaloalkyl, Cf=0MH, or CE=0MCealkyl;
®° is NH,, hato, or Crealkyl; and
&7 i8 NH, halo, or Creallyl;

ot a pharmaceutically acceptable salt, isomer, or & mixturs thereof,

B0 3 fn some embodiments of formulae (0 or (I}, cach R s ndependently methyl,
chiove, fluoro, oyano, tetrahydropyridinyl,-CHy-CEOY0H, ~-OoHeCEQOH, Ol
CEOOH, -CHCEOINH;, ~-CHpCEOIN(CH ), -GHe-CEOINE,, ~OH-CEOINICH ),
e CEOINH,, O He-CEMINCH b, ~CHCE0Het, CHp-CEORHet - - O =0
Het, G-CH-CEOUHy, GGl e-CEQOGH,, OOl OE=0M0CH,, -UH-Het, Ui
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Het, «CiHge-Het |, -CHy-cyclopropyt, ~Colly-cyclopropyl, -CaHg-cyclopropyl, -CHz-cvclobuty,
CaHeoyclobuiyl, ~Citg-ovelobutyl, ~-CHa-cyelopentyl, ~CaHs-cvclopentyl, -Gl
cyclopentyl, ~-CHz-ovelohexvl, ~UiHe-oyclohexyl, -CiHg-cyclohexyl, G-UHy-NH,, O-CoHy-
NH;, O-CiHg- Ny, O-CHN{CH Y, OOl N{CH ), OO He-N{CH b, O-CHp-Het, O-
CoHe-Het, O-CiHg-Het, O-CHo-CiEO0H, O-CiHHCEQOH, O-CiHe-CEOM0H, O-CHp-
CE=QYOCH,;, O-GoHe-CEOMOCH,, 00 CEMOCH,, GuCHpCEO-Het, G-

CHyCCH CHOH ), S-CoHOH, 8-OaHOH, SQyp-phenyl, SOp-methviphenyl, -85~
sthylphenyl, ~SQp-cyclopropyl, -SOp-cyclobutyl, ~-SOp-cyclopentyl, ~-80CH;, -8GCH;, -
SCHT Hy, ~SOCHLOH, or -BOCHOH; whersin Het iz independently selected from
piperidinyl, morpholingd, piperazinyl, azopanyl, imidarolyl, oxetanyl, azetidinyl, pyrrolidingd,
tetrahydropyridinyd, 2-oxa-T-azaspivol 3.5 novanyl, 2-oxs-G-araspive]3 4loctanyl, and §-oxa-
i~azaspiro] 3.3 theptanyl, wherein each of the piperidinyl, morpholiny, piperazinyl, azepanyvl,
imidazolyl, oxetanyl, azetidingd, pyrroliding, tetrahydropyridingd, 2-oxa-7-
azaspire] 3.5 nonanyl, 2-oxa-G-azaspirol3 4loctanyl, G-oxa-T-azaspive{3 3 Theptanyl,
gvelopropyl, evelobutyl, cyclopentyl, and cyclohexy! moieties is optionally substituted with
one, two, three, or four members independently selected from fuero, chiors, methyl, sthyl,
propyl, oxo, or phenvl. In some other embodiments of formulae (7} or (1), each R% is
mdependently fluorn, chlorg, bromo, lodo, ovano, methyl, ethyl, propyl, fluoromethyl,
diftuoromethy], triftuoromethyl, Huorcethyl, diffuorosthyl, rifluoroethyl, and SChNH,, In
certain other embodiments of formulae (D or (O, R 4s methyd, ethyl, propyd, -CHy-
CEOINH,, -CoHGCEOINH,, ~OaHe Cl=GINH,, ~OHp-Ci=0WCH ), -CiHs
Ce=ONOH Y, ~CHe-C=0N{CHa ), cyvclopropyd, eyclobutyl, or phenyl. In additional
embodiments of formulae (3) or (1), B s hydrogen, methyl, ethvl, or propyl. In other
additional embodiments, B and R’ together with the atoms to which they ave attached
optionally form a heterocyelic ring, wheretn the heterceyeHe ring is selected from azetidinyl,
marpholinyl, or pyrrolidingl, wherein each of the azetidingl, morpholinyl, and pyrrolidingd
moieties is oplionally sobstitnted with N{CHYCEOCHNH,;, N{CHCEOKCHE,,

N{CH ICEOHHLOF,, N{CHCE=eyclopropyl, NHOEOKHNH,, NHCEOCHE,,
NHCEOWHCE,, or NHO{=0)cyclopropyl. In another embodiments of formulae (D or (1),
R s cvano, chlore, brome, jode, or CEOCH:. In cortain embodiments, R is NH,, ehlors,

. . T -
fluore, methyl, ethyl, or propyl. In certain embodiments, R is NHs, fuoro, chloro, methyvl
3 ¥ ) BTOE) . 3 ¥

10
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ethyl, or propyl. In vet another embodiments of formulae () or (8, R® is NH,, chiorn, fluoro,

methyl, ethyl, or propyl; and R’ is NH,, fluore, chloro, methyvl, efthyl, or propyl.

014} Provided are also compounds selected from Table 1, or a pharmaceutically
acoeptable sall, somer, or 8 mintore thereofl o one erobodiment, the compound 18 an (8)-
emantiomer. In another embodiment, the compound is an (R-cnantiomer. In some additional

embodiment, the compound {8 an alropisomer,

[B01S Provided are also compounds selected from compounds 1-118, ora
pharmaceutically scceptable salf, isomer, or a mixture thereof,  In one embodiment, the
compound is an {Slenantiormer. In another embodimeny, the compound is an (R

enantiomer. In some additional embodiment, the compound is an atropisomer.

FREEERY Also provided is a pharmacentical composition that includes a compound of the
present application, or 8 pharmaceutically acceptable salt, isomer, or a mixtore thereof,
together with at feast one pharmacsutically acoeptable vehicle. Examples of

pharmaceutically accoptable vehicle may be selscted from carviers, adjuvants, and excipients.

U Also provided 15 8 method of treating a subject, who has or is suspected of having
a disgase or condition responsive or believed to be responsive to the inhibition of PI3KS
activity by administering to the subject 8 compound deseribed hereln or 8 pharmaceutically
acceptable salt, isomer, or a moixture thereofl In some emnbodiments, the subject is 2 human,
In additional embodiments, the disease or condition is lenkemia, lymphoma, cancer, or

inflammation.

{0818} Also provided s 2 method of inhibiting kinase activity of a phosphatidylinositol 3-
kinase delts polypeptide by contacting the polypeptide with a compound described herein or
a phanmaceutically aceepiable salt, isomer, or a mixture theveof. Further provided is a
method of inhibiting excessive or destructive inmune reactions, such ag asthma, rhewnatotd

arthritis, multiple selerosis, and hapus.

B Also provided is a method of disrupting leukooyte function, comprising contacting
the leukooyvies with an effective amount of a compound of formula deseribed herstnora

vharmacsutically acceptable salt, isomer, or a mixture thereof.

e
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{8052} PI3K Inhibttor Compounds

{883 Provided herein are compounds that function as indibitors of PI3K soforms, such
as PI3KS. In one aspect, provided is a compound having structure of formuda (0
5y f:iR I
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wherein:

AteNor CH;

aisd, 12,5 ord;

misQ, L3, 3 or g

sach R’ is independently selected from optionally substituted alkyl, optionally
substituted haloalior, optionally substituted aryl, optionally substituted heteroaryl, hale,

eyane, NHOGEMalkvlene-NR ™Y, NO,, OR™, NER™, OCEORY, CE=mR™, oE=00or’s,
aryl-OR", optionally substitnted oycloalkyl, optionally substituted heteroeveloalkyl,
NRPCEOakylene-CEORY, aryb-Oralkvlene-NER P, arvl-0-C=OIRD, aikyiam—
CEOYOR', alkvlene-CEOINER M, alkylene-C0)Het, O-alkvlene-CEOORDY, alkviene-
Oealioylene-CEOORY, CEMINR SR, allovlene- MR ™, aik&miemmN{R“}
CE=0INR Yealkviene-OR P, CEOINR Mallovlene-Het, O-allovlene-NR ™, O-alkyviene-
CHORNCHNR ™, Oralloviene-Het, O-alkylene-OE=MORY, Oralkylene-CH=O)Het, 8-
alkyvlene-ORY, Oralkylene-OR Y, OO salbyvlone-CHIOR™C Lealkylens-OR Y, O-alkviene-
NRVOE=MOR™, NR M alkvlene-NER ™), NRUCEORY, NRPCEOINER ™), NSO-atkvl),
NRPEG-alkyl), 8GR, SONR™Y, alkvlene-aryl, slkylene-Hay, alkylens-ORY, alkylene-
NERY, Ci=ONR M, NHOEORkylene-arvl, arvi-O-aliodene- N, arvi-QCE=GIRY,
NHCE=Galkylone-heterocyeloalkyl, NHCEGslkvlene-Het, Oealkylene-O-alkylens-
OEMORY, CE=Oatkyviene-Het, and NECEOhalo-alkyl,
wherein Het is optionslly substituted heteroaryl or optionally
substitntedheterocyeloalkyl, wherein R™ s independently hydrogen,

optionally substitnied atkyl, optionally substituted haloalkyl, optionally

18
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wherein:
Ads NorTH;
nis@, 1,2, 3, ord;
mis( 1,3, 3, o4
each R is independently selected from optionally substituted alkyl, optionally
substituted haloalkyl, optionally substituted aryl, optionally substituted heteroaryl, halo,
oyans, NHCEOlkylene-NER ™, NOy, ORP, NR D), OCEOIRS, OEMRY, CE=00R',
aryl-ORY, optionally substituted eveloalkyl, optionally substituted heterocveloalioyl,
NEPCECkvione-CEORY, arv-Oralkyviene-N{R M), arvi-O-CEORY, allviene-
CEOORY, allylene-CEOINIR™,, alkviene-Ci=0-Het, O-alkylene-CEOIOR™Y, alkvlene-
O-alkvlone-CECHOR Y, CEOINRPSORY, alkvlene-N(R ™, alkenylene-N(R ™,
CEOWNR % alkvlene-OR Y, CE0INR Yalkvlene-Het, O-alkvlone-N(R ™), O-alkvlene-
CHORMCHLNER Y, O-atkviene-Het, O-alkylene-C=OORY, O-alkviene-CE=0)-Het, §-
alkylene-ORY, Oallvlena-OR', O-Crsaliplens-CHOR™MC, galkylene-OR™, Oualkviene-
NRPO{=(nORY™, NR " alkylene-N(R ™, NRPCEOMRY, NRUCEOINR ™), NEO-alkyl,,
NRP(EG-atiorl), SORYE SONR ™My, alkvienc-aryl, allvlone-Het, alkylene-ORY, alkviene-
N{R S, CEOWNER™Y,, NHCEMalkylone-arvl, aryh-O-alkviens-NER Y, anyl-OCEORY,
NHCEOulkvlens-heterocyeloalioyl, NHCEGalkvione-Het, O-alkviene-O-alloviene-
CE=MORY, C=0ialiovlene-Het, and NHCEOhalo-alkyl,
wherein Het is optionally substituted hetoroary! or optionally substituted
heterocyeloalkyl, wherein R™ is independently hydrogen, optionally
substituted alkyl, optionally substinted haloalkyl, optionally substituted
cycloatloyl, optionally substituted heterocveloallcyt, and optionally substitured
arvl, wherein ®¥is independently hydrogen, optionally substituted alkyl,
optionally sobstituted haloalkyl, optionally substituted aryl, and optionally
substituted heteroaryl, and whereln R is independently optionally substituied
alkyl, optionally substituted haloalkyl, optionally substituted evcloaliosd,
optionally substituted heterocveloalkyl, and optionally substituted arvi;
each R? is independently selected from hale, cvane, optionally substituted alkyl,
haloalkyl, SONER™ Y, and optionally substituted alkoxy,
wherein R™ is hydrogen, optionally substituted alkyl, or optionally substitated

haloalioyd;

21
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R is hydrogen, optionally substituted afkyl, optionally substituted haloalkyl,
optionally substituted cycloalkyl, optionally substiteted aryl, optionally substituted
heteroaryl, or optionally substituied heterooyeloalkyl;

R’ is hydrogen or allyl, or R® and & together with the atorns to which they are
attached optionally form an optionally substituted four-, five- or six-membered heterocyelic
ving; provided that when R® and R form a S-membered heterooyelic ring that is optionafly
substituted with hydroayl, halo, or methoxy, R® is cvano, R® is amine, and R’ is amino

R is oyano, CEOINRPRY, $O;-alkyl, hale, haloalkyl, or CEORY, wherein each
A% and RY s independently hydrogen, optionally substituted alloyl, and optionally
substituted haloalkyl;

R 18 NHa, halo, optionally substituted alkyl, or optionally substituted haloatkyl; and

R’ is NHa, halo, optionally substituted alkyl, or optionally substituted haloalkl;

ot a phanmacentically acceptable 3alt, isomer, or a mixture thereof

ses d i
iR }-‘1 E\\'\\T - o N""l)\\i\v}jj
o o RD
Ny
N

wherein:

nislor?:

mis {4 or 2

each Ris independently Cygalkyl, Cghaloalkyl, Chpoveloaliyl, Gyl
sheterocycloaliyl, Cysheteroarvl, Cooarvl, halo, cyany, Cmgm‘yi»{}i@y? Cygalkviene-Cy
sparyt, Crsalkylene-Het, C)salkvlene-Crgoyaloalkyl, C rsalkylene-OR'Y, Cigalkyiene-
NR ™M, Chsatkenylone-ORY, CrealkenyleneN{R™,, i?gngaikyienem{?(x@}ﬁRgi Oy
sallylene-CE0INR , Crsaliovlene-C=0)-Het, 0-Cpgatkylene-CEOOR™, Oealkyiene-
(-Cgalloviene-CEQIOR'S, O sallcenylene-N{R™Y, ORY, O-Cpaaliylene-NER ™), 00,
salkylene-CHEOR MCHLNR ™Y, O-Crsalkylene-Het, O-Cpealkvlens-OE=MORYT, O-0,
salylene-C=0)-Het, O-Opgatiovlene-ORY, 0-Cpgalkylene-CH{ORMC salkvlens-OR', O-
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Ca.galkenylens-ORY, 0.0y ealkenylone-NER ™), O-Cpgalkylene-NRUCEOOR™, -

sallevlene-O-Cpealivlene-CE0OR Y, SR Y, 8.0 sallovlene-OR™, and SONR ™Y,
whersin Het is Casheteroaryl or o sheterocveloalioyl, wherein RY is
independently hydrogen, Creadkyl, O shaloalkyl, Cysovcloatkyl, Cypparvl, Ca
sheterocyeloalkyl, and Ca.gheternaryl, wherein RY is independently hydrogen,
Cysaliovl, Cghaloalkyl, Coparyl, and Cyshetercaryl, whersin R¥% g
independently Cisalkyl, € haloatkyl, Cysoveloalioy], Coaparv, Ch.
sheterocyeloalkyl, and s gheteroaryl, and wherein each of Het, R, 8 and
R is optionally substituted with one, two, three, or four members
independently selected from halo, oxo, Crealkyl, and Cygarvl;

each R is independently halo, ovano, Crgalloyl, Crghaloalkyl, SQEN{RM}}, wherein
R™ is hydrogen, Crsalkyl, or Cighaloalyi;

R s hydrogen, Crealkyl, O ghaloalkyl, Csgeveloallyl, Coearyl, wherein the €y,
salkyl moiety is optionally substituted with -C=OMNRPRY, wherein cach RY and 8V is
independently hydrogen, Cygalkyl, or Oy shaloalkvl;

R® iz hydrogen or Cpsallyl, or B and R? togother with the atoms to which they are
attached optionally form 8 four-, five- or six~-membered heterceyclic ring, whereln the
heterocyelic ring is optionally substituted with one, two, or thres members independently
selected from halo, Crealkyl, Creatkoxy, Crghaloalkyl, and NETCOR™Y where R {s
hydrogen or Cygalkyl, and RY iy Crealkyvlons-NH,, Cyg alkviene-Casovclioalkyl, or Gy
shaloalloyl;

R i cvane, KQE{}:{}}NR“R‘“’, 80 O eallyl, halo, T shaloalkyl, or CEORY, wherstn
each R and RY is independently hydrogen, Craalkyl, or O shaloalkyl;

R®is NH,, halo, € galkyl, or Crghaloalkyl; and

R’ is NH,, halo, Creatkyl, or ) chaloalkvl: or 2 pharmacestically aceeptable salt,

isomer, or a mixture thersof

13056} In one sspect, provided is a compound having the structure of formmuda (I

23
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cach R is independently alkyl, haloatkyl, arvl, heteroaryl, eyeloalkyl,

“i’mtemcytimikvi halo, oyano, aryl-OR Y, alkenylene-ORY, alkenylens NER™), alkvlene-
CEMORY, alkylene-Cf= @}“‘\J{Rb‘} allovlene-C{=0N-Het, allyiene-O-alkylene-Cl=(HORY,
alkviene-N{R ™), allylene-aryl, allylene-Het, allvlene-GRY, alkylene-N(R ™), @-aikyi@ne“
Oeallylene-CEMORYORY, Ouallyiene-CHEOORY, Oalkviene-CHIOROCHNR ™, G-
alkenylene-OR Y, O-alkenylens-NR ™Y, G-allviene-OR'S, Cralkyiene-N{R ™), O-alkviene-
CH{OR Malkviene-ORY, O-alkylena-NRCEOIORY, O-alkylene-Het, O-alkyvlene-C(=0)-
Het, S-alkviene-OR™, SOuR', and SONR™,,

wherein Het is optionally substituted hetercaryl or optionally substituted

heterocveloalkyl, wherein R™ is independently hydrogen, optionally

substituted allov], optionally substituted haloalkyl, optionally substituted

oyeloalioyl, optionally substifnied heterocycloalkyl, and optionally substituted

arvl, wherein R is independently hydrogen, optionally substituted allovl,

haloalkyl, optionally substitoted aryl, and optionally substinuted heteroary,

and wherein R™ i independently optionally substituted alkyl, optionally

substituted halealkyl, optionally substituted cycloaikyl, optionally substituted

heterooyeloatkyl, and optionally substituted aryi;

cach R? is independently hale, cyane, optionally substituted allyl, optionally

substituted haloalkyl, and SCNE™ ), wherein B™ is hvdrogen, and optionally substituted

atkyl;

®? i hydrogen, alkyl, halealivl, cyeloaliovl, arvl, heteroaryl, or heterooyeloatiyl,

whergin each of the cycloalloyl, arvl, holeroaryl, and heterocyeloalkyl moteties is optionally
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substituted with hale or alleyl, wheretn the allyl moiety is optionally substituted with -

CEOINRTRY, whereln each R and BY s independently hiydrogen, alkyl, or haloalkyl;
R is hvdrogen or alkyl, or R® and RY together with the atoms to which they are

sttached optionslly forrn a four-, five- or six-membered heterooyehio ring, whereln the

heteroeyele ring is optionally substifuted with halo, alkyl, halealkyl, or NRPCEORY,
3 8 i : ¥ k

. $x - . . fa ‘
wherein R™ is hydrogen or alkyl, and wherein RY is alky!, haloalkyl,
eyeloaliyl, cycloaliovlalkyl, or alkyl-NH,;

8 is oyane, CEOINRPRY, 8G:R™, halo, haloalkyl, or C=OWRY,

wherein each R™ and RV i independently hydrogen, alkyl, and haloalkyl;
R? is NH,, hale, alkoyl, or haloalkyl; and
R is NH., halo, alkyl, or haloalloyl;

or a pharmaceutically acceptable sall, isomer, or 8 mixture thereof,

{8087 In additional embodiments, the PI3K inhibitors arve compounds having the
structure of formulas (M) or () whereine

nislord;

misd, 1, 0r 2;

gach B is ndependenthy O galkoyl, O shaloalieyl, Cagevcloalkyl, Cu

sheterooveloalkyl, Ty sheteroaryl, Ceparyl, halo, cyano, Ceroaryl-OR Y, O salkylene-Cy

3

-

oyl Crealkyiene-Het, Chsalkylene-Cs goveloatkyl, Crgalindens-ORY, C reatkylene-
N{R™), Crsalkenylens-ORY, O catkenylens- MR Y, Creaalkvlene-CEOXRY, Gy
salioviene-CH=0WN{R ™), Crealkviene-C{=0nHet, O-Cpsatkviene-CEOORY, O alkylone-
O-Cpsalkylene-CE=0ORY™, O sallonylene-N{R M), ORY, O-Craalbviene-NER™),, 004
6a§ky§ﬁz§,ﬁ~{2}§{{}}§‘”}{iHEN{RgX}gg O-Creatkylene-Het, OO galkylene-CEMORY, 0-0,.
saliylene-C{=0-Het, O-Cp gallovlene-OR Y, O-Cpgallylene- CHIOR MO salkylens-OR ™, O-
o galkenylens-OR Y, O-Cp salkenylone-N(R M), O-Cy salkvlene-NRCEDORD, O-C,
salfvlene-0-Csalkvlene-CEOORY SOR Y, 8.0 salkviene-OR™, and SONERM Y,
wherein Het is Cyshetervaryl or O gheterocyeloalkyl, wherein R4
independently hydrogen, €y salleyl, Coghaloalkyl, Cssovcloatkyl, Coparyt, Cp
sheterocveloalkyl, and Cagheteroaryl, wherein RY is independently hyvdrogen,
Crgalkyl, Oy shaloalloyl, Cogparyl, and O sheteroaryl, wherein R4y
independently Cygalkyl, €y shaloalkyl, Uy soveloalkyl, Coasaryl, Oy

-~ . . o p H N
sheterocyeloalkyl, and Cssheteroaryl, and whereln sach of Het, R™, Y and

25
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R s optionally substituted with one, two, three, or four members
independentty selected from halo, oxo, Crgalkyl, and Caearvl;

each B is ndependently halo, ovane, Crealkyl, Cighaloalkyl, SGyN{ 8™, whersin
R™ is hvdrogen, Cp.salkyl, or Crshaloatlyl;

R s hydrogen, Crealkyl, Cighaloaliov], Chgoveloalkyvl, Ceapparyl, wherein the Oy
salloy! muoiety is optionally substituted with -CE=OINRMRY, wherein each ™ and RY is
independently hydrogen, Crgalkyl, or €y shalealkyl

=% {8 hydrogen or Cygatiyl, or R and R together with the stoms to which they are
attached optionally form a fours, five- or si-membered heterocyelic ring, wherein the
heterocyelic ring 13 optionally substituted with one, two, ot three members independently
solected from halo, Crealkyl, Crchaloalkyl, and NRFCEOIRY where R™ is hvdrogen or Cs
salkyl, and RV {5 Oy salkylene-NH,, Cigatkvlene-Cysoveloalkyl, or Cghaloalkyl;

1Y is oyano, CEOWRMRY, SO Crsaliyl, balo, O haloalloyl, or CHEORY, wherein
each B™ and RY is independently hydrogen, Craaliyl, or O shaloalloyl;

R i3 NH;, halo, Crealkyl, ov O chaloaliovl; and

R is NHy, hale, Crsalkyl, or Cishaloatkyl;

or & pharmaceutically acceptable sall, isomer, or a mixture thereof

FREIRES n some embodiments, the POK inhibitors are compounds having the structure of
foromalae (1) or (1) whereln:

nis lord;

misd, 1, 0r2;

gach R' is independently O galkyl, Oy shaloalioy], Coanaryd, Coghatoroaryl, Cog
cycloalioyl, O sheterooyveloalkyl, hale, oyane, Cygalkviene-C=GI0H, O salkylene-
CE=O0C galkvl, O galkviene-C(=01Cspheteroeyeloalkyvl, Cgaliovione-C{=04Cs.
seveloatkyl, Caalkvlone-CEOINH O galkylons-CEOINC ealkvih

CEOINHO sallov], O galkylene-O-C galloiene-CE=00H, O sallylons-O-Oy gallovlene-

, Crealkylone-

CEMHC ety Csalkviene-Copparyl, Cpgalkylene-C; sheteroanvd, Cgadkvione-Cy.
sheterocycloalkvl, Crealkviene-Cygoveloalkyl, Crgalkylene-OH, T alkvlens-OC satkyd, O-
Oy galkylene-N{Cgalkyds, OOy galliviene-NHC galky, O-Crgalkylone-NH,, O-Csalloylene-
CH{OMLgalkyINH,, O-Csalkylene-CH{OHIC LoalkyIN{C galkylly, O-Cpgalbyione-
CH{OHIC ealkyINHC  salkyl, G-Cgalkylene-CHOO  galkyliC L galkyiNH,, OO galkyiene-
CH{OC L alloyDOsalkvN{Calkyl)y, O-Cgaliplene-CH{OC sally}CLealkyiNHC  salkyl,

6



WO 2015/200352 PCT/US2015/037234

OO gatkviene-Cy sheterooyoloalkyl, O-C galkviene-Cyshetercaryl, G-Cyealkyiens-
C{E=MOH, O-Crgaliviens-CEOHOC sallol, O-Chaalkyvlene-C{=0RCqrsheterocyaloatkyd, G-
Crsalkylene-CHEOHOC soveloatkyl, OO salkovlene-CE00 s paryl, O-Csallovlene-OH,
O-Cgalkylene-OC seveloalioy], O-Csalkyiene-OC sadkyl, O-Cgalioylene-CH{OH)C .
salkylene-OH, O-Cgatkylone-NHCEOWOH, OO alkyvlene-OnCy galkyvione-CE=0H,
OSGLCE,, 8- salkylene-OH, SO0 calloviens-Cogheteroeyctoaliyl, ST paryl, 80,Cs.
soveloaliel, SO0 satkylene-OH, STHN{T, salkylly, or SO NHy;
wherein each of the Ugsarvl, Csgoveloalkyl, Cosheterooveloalkyl, and Ca
shetercarv moisties is optionally substituted with one, two, three, or four
members independently selected Hom fluore, chlore, oxo, methyl, ethyl,
fluoromethyl, diffuoromethyl, fiiuoromethyl, Suorcethyl, diftuoroethyl,
triffuoroethyl, and phenyl;

ecach R’ is independently halo, oyane, Creatkyl, Crshaloalkyl, and SO,NHy;

RPC sabkyl, Crghaloalkyl, Cyeoveloalkyl, Coparyl, Crgalkylene-CH=MMINHC L
salloyl, O sallovlene-CE=OINH,, or O galiovlene-CE=0TNC galkylhy;

R {¢ hydrogen or Creatkyl, or ¥ and &’ fogether with the atoms to which they are
aitached optionally form a four-, five- or six-memberad heterooyelic ring, wherein the
heteroeyelio ring I8 optionally substituted with one or twe members independently selected
fromm halo, Csalkyd, NHCEOW alkviene-NH;, NHCEO L alliviene-Cypevaoaliot,
NHCEGC ghalnalioy!, NCLalkylCEGC alkylene NH;, NCLqlkvICEOI L alkvlene-
Csgoveloallovl, and NCLealloiC=0C Lghaloalkyd;

r*is cyang, halo, T shaloalkyl, CEGH, or CEQYC, galkyl

R fe NHy, halo, or Crealkyl; and

R is NH;, hale, or Cpealkyl:

or a pharmacentically scceptable salt, isomer, or & mixtue thereof,

HE S In some embodiments of formutae (I or (1), sach R is independently methyl,
chlore, fluore, cyang, tetrabyvdropyridinyl-CHp-CEOOH, CoHACEMOH, -CH,-
C=00H, ~CHp-CiENH,, ~CHCEOINCH b, ~Col-CE0INH,, -CoHe-CEGIN(CH ),
“CaHe-CEGIN,, ~CiHeCENCH b, ~-CH-Ci0-Het, CiHp-CE0RHet O HeC=0)-
Het, O-CHpOf=0X0CHy, O-OiHe OO0, O-CaHg-C=GH0CH,, ~CHp-Het, ~ChH-
Het, -CyHe-Het , -CHy-ovelopropyl, ~CaHg-cyclopropyl, -Cilg-evclopropyl, ~CHa-oyclobutyl,

~CaHg-oyolobutyl, ~CyHg-oyelobutyl, ~-CHy-cyelopontyl, -CiHg-cyclopentyl, ~CaHs-

27
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cyclopentyl, -CHy-cyclohexyl, -Colly-oyelohexyl, ~-CyHe-ovelobexyl, O-CH-NH,, O-CaHe
NH,, O-O3HeNH,, G-CHp-N{CH b, O-CaHeoN{TH3 b, O-CaH-N{CH3 1y, O-CHp-Het, O-
CoHy-Het, O-CiHe-Het, O-UHCE0O0H, O-OH-CEOOH, OCiHACEMOH, O-CHy-
C{=M0OCH;, G- CEOYOCH,, O-CiHp-CE=0M0CH;, O-CHp-CEO-Het, O-
CHCQUCH KOH O, S-CaHaOH, S-GiH0H, 8SOs-phenvl, SOr-methyiphenyl, -80,-
gthylphenyl, -SOp-cyclopropyl, -SOrovelobutyl, -8Os-ovelopentyl, ~80,-CoH-Het, -
SGLUH;, ~SOp T Hs, ~SOTHy, ~SOR T HADH, and -8 G HLOH: wherein Het is
independently selected from piperidingl, morpholinyl, piperazingyl, arepanyl, imidazolyl,
oxetanyl, azetidinyd, pyrrolidiny, tetrahydropyridinyl, 2-oxa-T-azaspire[ 3, Sinonanyl, 2-oxa-
f-azaspiro{3.4joctanyl, and S-oxa-1-azaspiro{3. 3Theptanyl, wherein sach of the piperidiny,
morpholinyl, piperazinyl, azepanyl, imidazolyl, oxetanyl, azetidingyl, pyrrolidinyl,
tetrabydropyridinyl, 2-oxa-T-azaspire{3 S inonanyl, 2-oxa-G-azaspiro| 3.4 octanyl, 6-oxa-1-
azaspiro{3. 3 theptanyl, cyclopropyl, eyclobutyd, cvelopentyl, and cyclehexy! moleties {s
optionally substituted with one, two, three, or fowr members independently selected from
fluoro, chloro, methyl, ethyl, propyl, oxo, or phenvl. In some other exnbodiments of formulas
{3y or (I}, each R% s mndependently fluore, chloro, brome, fodo, cyano, methyl, ethyl, propyl,
fluoromethyl, diffuoromethyl, triflucoromethyl, fuorcethyd, diffucrcethy, trifluorcethyl, and
SOYNH,, In certain other embodiments of forruulae 3y or (1, R 48 wethyl, othyl, propyl, -
CHp-O=0NNH,, -G H-CEOINY,, ~CilHe- C=0MNH,, ~CHR-CEOIN(CH ), Oy
CE=0N(CH Yy, ~OHe-CEOIN(CH b, ovclopropyl, ovelobutyl, or phenyl, In certain
embodiments, R {8 ~-CH-CEGINH, -CiHeCEOINH, -CileCE0IND, -CHa-
CE=MMN{CH ), ~-CoHe-CE=0NNCH ), -Calle-Cl=OIN{CH ), evcloprapyl, ovelobuivd, or
phenyl, In cortain embodiments, R” is methyl, ethyl or evelopropyl, In additional
ermbodiments of formulas (1) or (), B is hydrogen, maethyl, ethyl, or propyl. In other
additional erbodiments, R” and R together with the atoms to which they are attached
aptionally form a heterocyclic ring, wherein the heterccyelic ring i3 selected from azetiding,
morpholiny, or pyrrolidinyl, wherein each of the azetidiny, morpholingd, and pyrrolidingt
moietics is optionally substitoted with N{CHACEMCHNH,, N{CHOCEDICHE,,
N{CHDCOEOHHCF,, NICHACEGevalopropyl, NHCEOCHNH,, NHOEOCHE,,
NHCOEQCHOF,, or NHOG=Oleyelopropyl. In certain embodiments, R and R together
with the atoms fo which they are attached optionally form a heterocyelio ring, wherein the

heterocyelic ving is selected from azetidinyl, morpholiny, or pyrrolidingd, wherein each of
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the szetidinyl, morpholinyl, and pyrrolidiny! moieties is optionally substituted with Oy alkyl,
halo, N{CHCEOCHNH,, N{CHCEOCHE,, NICHHCHEOICH,CF,,
N{CH}CE=Oeyelopropyl, NHOEQMHNH,, NHOEOCHE,, NHCOEQWHOFR,,
NHCEMCHevclopropyl or NHCEQeyelopropyl, In another enbodiments of formulas (N
or (I3, R 4s evang, chilore, bromo, fode, or CEOCH,, In vet another embodiments of
formulae (1) or (1), R® {s NH., chioro, fuore, methyl, ethyl, or propyl; and R’ iz NH;, fluore,

chloro, methyl, othyl, or propyl.

FH06H] i certain embodiments, R” and R together with the atoms to which they are
attached optionally form a heterooyclic ring, wherein the heterocyelic ving 18 selected from
azetidinyl, morpholinyl, or pyrrolidinyl, wheretn each of the azetidinyl, morpholinyl, and
pyrroliding! moteties is optionally substitmted with 1, 2 or 3 groups which are independently
Ch.g alkyl, methoxy, ethoxy, halo, N{CH:CEOMCHNH,, N{CHJOEOHCHE,,
N{CH)CEMMCHCF,, N{ICH i CEDeyelopropyl, NHOEOYW HNH,, NHC{(=(YCHT,,
NHC=OWHOF:, NHOEQW Haeyalopropyl or NHOGEOevelopropyh: and each R s

independently chloro, fuore, cvane, methyl, SQy-phenyl, -SO;TH;, or ~CaHe-Ci=0n0H,

18061 Int certain embodiments, R” and B together with the atoms to which they are
attached optionally form a heterpeyelic ring, wherein the heterocyelic ring 13 selected from
azetidingl, morpholinyl, or pyrrolidingy, wherein each of the azetidinyl, morpholing, and
pyrrolidingd moteties is optionally substituted with Crg alkyl, halo, N{CHCEOCHNH,,
N{CHDCEOCHEF,, NICHACEMCH,CF,, N{CHCEO)yelopropyl, NHOEOWHNH,,
NECEGCHF,, NHCEQYHOF;, NHOEMC Hoyeloproepy! or NHCEeyelopropyl; and
cach R is independently chlore, fluore, cyano, methyl, 8{y-phenyl, -8O,CH; or ~CiH-
C{=0yOH,

{062} In certain embodiments of a compound of the present application, R is methyl o
islor? and one R is ietrahydropyridinyl, CHp-CE0H, -G C=OoH, Ol
C{=O0H, ~CHp-C{=ONEH, ~CHp-CEOIN{CH )y, ~CoHe CENH,, -OiHe-CEOM{CH,,
-y He-CEOIN,, ~CaHe-Ci=N{TH ), ~CHp-Cl=0Het, CGHECEORHet,-CiH-C=0)-
Het, O-CH-CE=0M00H O-CoHe-CEOYOCH,, O-CiHe- U000 Hy, ~-CHa-Het, ~Coliy-
Het, -CiHg-Het |, -CHy-coyclopropyl, -CilHe-oyvelopropyl, -CiHg-ovelopropyl, -CHy-cycloabutyl,
ChHpeeyclobutyl, ~Cile-ovelobutyl, ~-CHscyclopentyl, -CoHy-cyvelopentyl, ~Calg-

evelopentyl, ~-CHy-cvelobenyl, ~OHe-cyelohexyl, ~-CiHg-oyolobexyl, O-CH-NH,, O-CyHy-
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NH,, O-UsHe-NH,, G-CHy-N{CH}, O-Colp-N{TH Y, O-CiHe-N{CHy ), O-CHp-Het, O~
Calg-Het, O-Calg-Het, O-CH-CE0H, O-CaH-CEOOH, O-CaHe-CEOH, O-CH,-
Cl=(HOCH,, O-CoHe-CEOOCH,, O-CHCEHEMOCH,, O-CH-CEO)-Het, O-
CHCCH{CH O, S-CoHGOH, S-GiHOH, SOy-phenyl, SOr-methyiphenyl, -80,-
sthyiphenyl, -SOw-cyclopropyl, -Sy-oyclabutyl, -SOh-cvclopentyl, S8O-CoH-Het ~SOpCH,,
=S s, ~-SORCHy, ~SOGHOH, or 805G HGOH; wherein Het is independently selected
from piperidingd, morpholingd, piperazinyl, azepanyl, imidarolvl, oxetanyl, azetidinyl,
pyrrolidingd, tetrahydropyridinyt, 2eoxa-7-azaspivo] 3.5 nonanyl, 2-oxa-6-

azaspirn{ 3. 4joctanyl, and &-oxa-1-azaspiro{ 3.3 heptanyl, whereln each of the piperidinyi,
morpholinyl, piperazinyl, azepanyl, imidazolvl, oxetanyl, azetidinyl, pyrroliding,
tetrabhydropyridinyl, 2-oxa-T-azaspire] 3. Sinonanyl, 2-oxa-G-graspive] 3 4loctanyl, S-oxa~1~
azgspivof 3. 3theptanyl, evelopropyl, ovelobutyl, cyclopentyl, and oyclohexyl moieties is
optionally substituted with one, twe, three, or four members independently selected from

fluorp, chiore, methyl, ethyl, propyl, exo or phenyl.

{8963 I cortain embodiments of 3 compound of the present application, RY i methyl o
fa 1 or2; and one R is tetrabvdropyriding], CH-CEOOH, ~CH-CE0YOH, -CsH-
CEQHOH, ~CHp-CE0INH,, ~CH-CEMNCH: b, -CiHe-CE0INH,, <CoHp-CEOWNICH; ),
~CsHe-CEOINH,, ~OHeCEOIN{CH Y, ~CH-C=0)-Het, G- CEORHet, O H OO0
Het, O-UH-CE00CH,; OO H-CEODCH,, OG- CEOIOCH,, -CHp-Het, -Calge
Het, -CsHg-Het , -CHy-cvelopropyl, ~CiHs-cyclopropyl, ~CailHe-cvelopropyl, -CHy-cvclobutyl,
~CaHe-oyclobutyl, -Calg-cyelobutyd, ~CHp-cyclopentyl, -CyH-oyvclopentyl, -Calg-
cyclopentyl, ~CHz-cyclohexyl, -ColHg-cvelohexyl, -Calg-oveiohexyl, G-CH,-NH,, Q-0 He-
Ny, O-CiHe-NH;, O-CHpN{CHs b, O-CoHa-N(CH3 Yy, O-CiH-N{CH ), O-CH-Het, (-
CaHe-Het, O He-Het, O-CHp-CECIOH, 00 He U0, O-CH-CEIOH, O-CHy-
CE=GHOCH,, OCoHe-CEOY00H;, O-GiHACEOMOCH , O-CH-CE0-Het, O-
CHCCH CH Oy, S-CoHOH, SGiHOH, 8Op-phenyl, SOr-methyiphenyl, -SCh-
ethylphenyl, -80,CHOH, and -SOCH O, wherein Het is independently selected from
piperidinyl, morpholiny, piperaziny! azepanyl, imidazobyl, oxetanyl, azetidingd, pyrrolidinyd,
tetrahydropyriding, 2-oxa-T-azaspiro 3.5 nonanyl, 2-oxa-G-aeaspiro] Y 4loctanyl, and H-0xa-
P-azaspiro{3.3 theptanyl, wherein sach of the piperidinyl, morpholiny!, plperazinyl, azepanyl,
imidazolvl, oxetanyl, szetidingd, pyrrolidinyl, tetrahyvdropyridinyl, 2-oxa-7-

azaspive] 3.5 nonanyl, -oxa-G-araspive]3.4loctayy], Goxa-1-azaspiro{3.3 theplanyl,
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cyclopropyl, evelobutyl, eyclopentyl, and eyelohexy! moteties is optionally substituted with
one, two, three, or four members independently selected from fluore, chioro, methyl, ethvl,

propyl, oxe or phenyl

{8064} In certain embodiments, when n i} , or 4, the RY substituents may be Hsted

individually as RS, R RY, or g z‘aspee‘:.-‘éiveiyu in certan embodiments, whenmis 1,2, 3

or 4, the R substituents may be Hsted individually as R, R® R¥, or R rospectively

{3065} In certain embodiments of a compound of the present application, R is
independently methyl, chlove, fuore, or eyane; RY is methyl or ethyl; RY is evano or halo; R®
is NH;, halo, or Oy alkvl and B e NH,, halo, or G alkyl; wherein only one of R and R’
in NH;.

[H06s] In certain embodiments of the compounds of the present application, each R is
independently methyl, chlore, fluoro, cvano, tetrghyvdropyridinyl-CHaC=OM0H, -CiHe-
CEOMOR, ~-GiHe-CEMOH, WCHCENMNH,, ~CHpCEOINCH b, -CH-CHEONH,, -
CoHlp-CEOIN{CH, g, ~UsH-CEOINH,, -CiHe-CiEIN(CH: ), ~CH-CE0Het, G-
C=0)-Het,-O3Hg-CE=0RHet, O-CH OO0, O-CaHe-CEOI00H,, O-CHg-
OO0y, ~CHp-Het, -Colg-Het, -CiHe-Het , -CUHy-cvclopropyl, -CiHe-cyclopropyl, -
CiHg-cyclopropyl, -CHp-cyelobutyl, -Cilp-ovelobutyl, -CiHg-cyclobutyl, ~CHz-eyclopentyl, -
Catg-cyclopentyl, ~CiHg-cyclopentyl, -CHy-cyclohexyl, -CoHyp-oyelohexyl, -G8
oyclohexyl, O-CHy-NH;, G-Cale- N, O-CiHENH,, O-OH-N{CH: ), O-CaHAN{CH ), O-
CaHe-N{CH3 3, O-CHy-Het, O-CiHpeHet, O-CsHe-Het, O-CHy-CEQOH, O-CoH-CEOGIOH,
OG- CEOIOH, O-CH-CEQYOCH;, OCoHRCHEOYCH,, OWCH-CEOWOCH;, O
CHy-C{=0-Het, G-CHO{CH NOHOH Y, S-CoHOH, 5-C3HOH, SOz-phenvl, SO~
methylphenyl, -SOy-ethylohenyl «SQ}MCY@EQ{B?@?YRS ~SOz-oyelobatyl, -S0;-eyelopentyl, -
SOLCsH-Het, -800H:, ~SOuUHs, ~SOGuCsHy, ~SO, T HAOH, and ~SO,CH0H; wherein
Het s independently selected from piperidiny], morpholing, piperazinyl, azepanyl,
imidazolyvl, oxetanyl, azetidinyl, pyrrolidinvl, tetrahydropyridinyl, 2-ona-7-

azgspiro] 3.5 jnonanyl, 2-oxa-6-azaspiro]3 4loctanyl, snd S-oxa-T-azaspire[3 3 Theptanyl,
wherein sach of the piperiding, morpholiny, piperazinyl, azepanyl, imidazolyl, oxetanyl,
gretidingd, pyrrolidiny, tetrahydropyriding, 2-oxa-T-azaspive 3. Shonanvl, 2-oxa-6-

azaspiro{ 3 4loctanyl, S-oxa-1-azaspive{3 3Theptanyl, evclopropyl, eyvelobutyl, cyclopentyl,
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ar four members

LY

independently selected from floore, chlore, methyl, ethyl, propyl, 030, or phenyl.

10067

In one embodiment, nis ¢ In other embodiments, nis 1, 2 or 3, In certain

embodiments, nis 1 or 2. In one ewbodiment, nis 1 and the R modety (e.g. B may be

tocated on any position of the phenyl of the quinazelinone ring, as depicted below,
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[0068]

In another embodiment, v is 2. v embodiments where n is 2, both R may be the

same or different. Two R moisties may be located of any two positions of the phenyl of the

guinazolinone ring as depicted below. For example, two R

be in para-, meta- or ortho-positions to each other.

moleties (e.g R and R may
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FG69]

Inn yet another embodiment, nis 3, In embodiments wherenis 3, all Rl may be

the same or Hifferent, or two R’ may be the same and different from the third R, Thres R

o s . b . ‘o ¥ o
moleties (o.g. R'% R, and RY) may be located on any three positions of the phenyl of the

quinazolinone ring ss depicted below. For example, the first R may be ortho to the second

R, and the first B may be para to the thivd RY
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LEERE In embodiments where n iz 4, alt R {e.g R R® R and 1Y may be the same
or different. Alse, three R moieties may be the same or different fom the fhurth & moiety,
ar two R molsties may be the same or different from the third or fourth R moieties. All
four RY moteties {e.g. R R, RY, and R') may be Iocated at any position of the phenyl of
the quinazolinone ving. In any of the forepoing embodiments, cach of B B »¥ ang ¢

is independently selected from the moieties defined as R deseribed herein,

{8671} In one embodiment, each R is independently Crgalkyd, Crghaloatoyl, Cs.
seyctoatkyl, Oy gheterocyeloaliovl, Chshetercaryl, Coparyl, halo, cvang, Q,!maryi«{}}{iy, LOPN
salkylene-Ce.pparyl, Crealkyviene-Het, Cuealkylene-Cs roveloaliyl, Cpsallovlens-ORY, Cy
salkylene-N{R' Y, s cafkenylens-ORY, O salkenyione NR ™Y, Csalkylene-C{=(0R ™,
Crealkylene-COEOINR ™, Cralkviens-CE0Het, OOy salkylene-CEMORY, O
sallovlone-OaO salkylene-CEMORY, O salkenyleneN{R M, OR™, O-Caalkylene-N(R ™),
00 galkylene-CHOR Y ICHNR P, O-Crgaliylene-Het, 0-Craalkylene-C=MOR', O-
Creatkviene-C(=00-Het, O-Crsalkvlone-ORY, O-Cpgaliviene-CHIORNC salkylene-OR D,
{-Co galkenviene-OR 'Y, GO0y salkenvlens-N{R ™), O-Cygalloviene NRPCEOORY, O-CLL
calkylene-O-Crsalivilene-CEOORY 8OR ™, 8.0 salkylene-OR™, and SONER™); wherein
Het is heteroary! or heterocyeloalkyl, wherein R is independently hydrogen, Cpsaliyl, O
shaloalkyl, Caseyoloalkyl, arvl, heterocycloatkyl, and Cssheteroaryl, wherein R is
independently hydrogen, Crealkyl, Tpshaloallovl, arvl, and heteroaryl, wherein R is
independently hydrogen, CUrsalkyl, Crghaloalloyl, Csgoveloalkyl, aryl, heterocyeloalkyl, and
s sheteroaryl, and whereln sach of Het, R'%, RY, and R™ is optionally substituted with one,
two, three, ot four members independently selected from halo, oxe, Cpgalkyl, and Cgyearyvl
In some embodiments, Het is a seven- to nine-membered spivo-heterooyeloalkyl which is
optionally substituted, wherein the spivo-heterocveloalkoy! has at least two heteroatoms which
are independently selected from nitrogen, oxygen, or sulfir, In sove additional
ombodiments, Het is a seven- to nine-mombered spive-heterocyeloatkyl selected from the
group consisting of 2-oxa-7-azaspiro3.8nonanyl, 2~oxa-6-azaspivo]3.4loctanyl, and S-oxa-

1-azaspiro] 3.3 theptanyl, sach of which iz optionally substituied one, two, three, or fowr

3
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members independently selected from hale, oxo, Crsalkyl, and Coroaryl. In certain
embodiments, Het is a four- to seven-membered heterooyeloalioy! which is optionally
substituted, wherein the heterocyeloalky! is a single ring having at least one hetercatom
which is independently selected fromn nitrogen, oxygen, or sulfur. In certain other
embodiments, Het is a four- 1o sight-membered heterooyeloalky! selected from the group
consisting of piperidinyl, morpholinyl, piperazinyl, azepanyl, imidazolyl, oxetanyl,
azetidinyd, pyrrolidinyl, and tetrabydropyridiny, cach of which is optionally substituted one,
fwo, three, or four members independently selected from halo, oxo, Cgalkyl, and Cgqparyl
In further embodiments, Het {s independenily selocted from 2-oxa-7-azaspiro] 3. 5 nonanyl, 2-
oxa-G-azaspirol 3 4loctanyl, S-oxa-1-azaspiro{3.3 theptanyl, piperidingd, morpholinyl,
piperazinyl, azepanyl, imidazolyl, oxetanyl, azetidinyd, pyrrobidiny, and tetwrabydropyridingd,
wherein Het is optionally substituted with one, two, three, or four members independenily
selected from fluowo, chloro, oxo, methyl, ethyl, Suoromethyvl, diflooromethyl,

irifluoromethyl, fooroethyl, diffuoroethyl, triffuorcethyl, and phenyl,

184721 n certain smbodiments of 8 compound of the present application, nis 1 or 2, and
one R is tetrabydropyridingl, CH-CEMOH, «CoHe-CEOIOH, O He-CE00H, ~CHp-
CEOIN,, ~CHpCEOIN(CH Y, -Gl CEOINH,, ~CHACEOIN(CH ), Oyl
CE=nNH,, ~GiHeCEOMINCH ), ~CHp-CEOMHe, UHeCEORHe ~CyHe-CEOMHe, O
CHp- OO0, | WGl CEOMOGH,, OO HCEOY G, WCH-Het, -ChHg-Het, -
CiHg-Het , -CUHy-cyclopropyl, -CiHe-evelopropyl, ~CiHeovelopropyl, -CHy-ovelobutyd, -
Calg-oyelobutyl, -CiHg-ovelobutyl, -CHy-cyclopentyl, ~OsHy-cyvelopentyt, ~CaHe-
cyclopentyl, ~CHy-ovelohexyl, -Colp-ovelohaxyl, ~CiHgoyelohexyl, O-CHp-NH,, O-CyHy-
NH;, O-Cile-NH;, O-CHpN{CHz b, O-Coli-N{TH b, O-C3HN{CH ), O-CHp-Het, OG-
CaHg-Het, O-CiHg-Het, G-CHp-CEMOH, O-CH-CEGOH, O-OH-CEQOH, G-CH-
CEMOUH;, O-CH-CEMOCH,, OO HeOEQYOCH,, O-CH-CEORHet, O«

CHRC{CH ¥ CHOH Y, SO HLOH, S-CyHOH, 8G-phenyl, SOz-methviphenyl, ~SOp-
ethylphenyl, -SOs-cyclopropyl, ~S8Oh-cyvclobutyl, ~8O-cvclopentyl, SG-CoH-Het, -
SOTHs, SO e, ~SOCHy, -SO0HOH, or -SOUHOH, wheretn Het (8 independently
selocted from piperidiny, morpholinyl, piperasinyl, azepanyl, imidazolyl, oxetanyl,
azetidinyl, pyrrolidinyl, tetrabydropyridingd, 2-oxa-T-azaspiro]3.5nonanyl, 2-0xa-6-
azaspiroel 3. 4loctanyl, and S-oxa-T-azaspive]3. 3 Theptanyl, wherein sach of the piperidinyd,

morpholinyd, piperazinyl, azepanyl, imidazoly], oxetanyl, azetidioy], pyrrolidinyd,
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tetrahydropyridingd, 2-oxa-T-azaspivo] 3. 5 nonanyl, 2-oxa-G-azaspiro{3.4joctanyl, G-oxa-1-
azaspiro{3.3 theptanyl, cyclopropyl, cycloabutyl, cyclopentyl, and evclohexyl moieties is
optionally substituted with one, two, three, or four members independently selected fom

fluore, chioro, methyl, ethyl, propyl, oxo, or phenyl.

{04731 in certain embodiments of a componnd of the present application, nis 1 or 2, and

one R is tetrghydropyridingl, CH-CEOYOH, ~CoHe-OEMOH, ~CyHe-CEMOH, ~COHa-

CE=0INH, -CHo-CEOINCH: b, ~Co e CEOWH,, O e OFOW{CH Y, -CsHe-
CE=OWH, «CiHe CEON(CH b, ~OHa 00 Het, CHL-C=0-Het O He-Of03-Het, O

CH-CEQOGH,, O-CH e CEGHOCHY, G-UaHe-C{EOOCH,, -CHy-Het, ~CyH-Het, -
CsHg-Het , -CHy-cyclopropyl, O Hy-cyclopropyl, ~-CiHg-cvelopropyl, ~CHaycyelobutyl, -
CaHeovelobuotyl, -CiHg-oyclobutyl, ~-CHy-cvolopentyl, -CiHe-oyclopentyl, «Caiee
cyclopentyl, ~-CHy-cyelohexyl, -CiHpovelohexyl, -CilHe-ovelohexyl, O-CH-NH,, O-CoH-
NH,, O-CaHg-NH,, O-CHp-N{CH ), O-OoHeN{CH Y, O-CaHe-N{CH ), O-CHp-Het, O-
ChHe-Het, O-CailHg-Het, O-CHp-CEMOH, O-GoHCEOIOH, OG- CE0H, O-CH,-
C{=OYOC0H;, O-CH-CEOYOCH:, O-UHaOEMOCH,, O-CH-CHE0Het, O-
CHyCICH XCH Oy, S$-CHLOH, 5-CaH0H, 8Qy-phenyl, SOr-methyiphenyt, -8C;-
ethylphenyl, ~-SOx-cyclopropyl, -SOq-cyelobutyl, -B0y-ovalopentyl, 8O,-CaH-Het, -
STHTGHLOH, or -SGCHOH; wherein Het is independently selected from piperidingy,
morpholingd, piperazinyd, azepanyl, imidazolyl, oxetanyl, azetidiny], pyrrolidingd,
tetrahvdropyridingl, 2-oxa-T-azaspive{3 .3 Inonanvl, 2-oxa-G-gzaspive[3.4loctanyl, and S-oxa-
i-azaspiro3.3 theptanyl, wheretn each of the piperidinyl, morpholinyd, piperazinyl, azepanyl,
imidazolyl, oxetanyl, azetidinyl, pyrrolidinyd, tetrahydropyridinyd, 2-oxa-7-

azaspirel 3. S inonanyl, 2-oxa-G-azaspive] 3 4joctanyl, S-oxa-T-azaspivo[3. 3 Theptanyl,
syclopropyl, cyclobutyl, oyclopentyl, and eyclohexyl rootetios is optionally substiinted with
one, two, three, or four members independently selected from fuoro, chloro, methyl, ethyl,

propyl, oxo, or phenyl,

{84741 In certain embodiments of a compound of the present application, nis T or 2, and
one R' 4g tetrabydropyridinyd, ~CoHe-CEOYOH, ~OHECEQOH, ~CoH-CEOWH,, O-CHs-
00, ~CiHe-Het, ~Cilgoyelohexyl, O-CHp-Het, O-0CaHe-Het, O-CiHg-Het, O-CH,-
C{=On-Het, O-CHCCHNCH G, S-CHLOH, SGq-phenyl, SOr-methyiphenyd, -80y-

cyclopentyl, and -SOuCHOH, wherein Het is independently selected from piperidiny,

§.43
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morpholing, piperaszinyl, azepanyl, imidazolyl, oxetanyl, pyreolidinyg, 2-oxa-7-

araspirel3 Sloonanyl, T-oxa-G-azaspive] 3 4octanyl, and 6-oxa-1-azaspive{3.3 theptanyl,
wherein each of the piperidinyl, morpholinyd, piperazinyl, azepanyl, imidazolyl, oxetanyl,
pyrrolidingd, 2-oxa-T-azaspirof3. S inonanyl, 2-oxa-6-azaspirol 3. 4]octanyl, S-oxa-1-
avaspivo[3.3theptanyl, cyclopentyl, and cvelohexyl modeties is optionally substituted with
one, two, or three members independently selected from fluore, chloro, methyl, ethyl, propyl,

oxa, of phenyl.

{BO75E In some embodiments, each R is independently selected from Crealkyl, Co
shaloalkyl, Cyparvl, Cogheteroarvl, g cvcloatkyl, Cysheterooyeloalkyl, halo, evane, Oy
salkylene-C{=OYIH, Oy salkylene-CE=0M0C sallov], Cgaliylone-CE03-{.
sheterocyeloalivl, Craalkylene-C=0»Cageveloatkyl, Crealkyione-CEOWH: Cgalkyvlene-
CEOIN(CLsalkvlly, Crgaliovlene-CEOINHT galkyl, Cppalkylene-0naCrgalkylene-
CEOYOH, Craalkylene-O.CLgalkylene-CEO0C galkvl, Cealkvlene-Coagarvl, Cu
salkyviene-Cs gheteroaryl, Crealkylene-Cy sheterooveloalkyl, Cpsalkylene-Cs soveloalkyd, .
salkvlene-OH, € atkylene-0C galkyl, O-Cpsalkylene-N{Csalkyl, O-Crsalkviene-NHC,.
salky, O~ qalkylene-NH,, O-Cpealkyvlene-CH{OHC  salkyINH,, OO galivione-
CHOC ealkvIN{C calkyll, OOy galiovlene-CHOHIC LealkyINHC, galioyl, O-Cy
salivlene-CH{OC  qalkyhiCrgalkyiNH,, O-Crsalkylene-UH{OC aalky DO salkyd Ny
salkylh, O-Chealkvlene-CH{OT aalkyhiCrealk vINHC  gallodl, O-Cyaalkylens-Cy.
gheterocyeloalkyl, O-Cgaltkylene-Cygheteroaryl, O-Csalkvlene-CHEOIOH, GO galkylene-
=00 gatkyl, O-Cgalkviene- OO0 sheteroeyeloalkyl, O-Cgalkyvlene-C{HEOOT,.
seveloalkyl, OO galkylene-CEOOCLparyl, O-Calkyione-OH, O-O galloylene-QC;.
seveloalkyl, O-C salkylene-GCT galkyl, O-Chealkylone-CH{OHIC  alkvlene-OH, O-Cy.
salloviene-NHOE=MOH, O-C, alivlene-O-Cy salkvlene-C=00H, 8. salkylene-OH,
ST salloviene-Cy sheterooveloalkyvl, SGrCparyl, ST soveloallop], SOLU galkylene-QH,
SON(Chgalkeyllz, or SO NHs; wherein each of the Cyearyl, Cypcvcloalkvl, O,
sheterooyveloatkyl, and € gheteroary! moieties is optionally substituted with one, two, three,
or four members independently selacted from flnore, chioro, oxeo, methyl, ethyl,
fluoromethyl, diffuoromethyl, trifleoromethyl, fuorcethyl, diffuorosthyl, trithuorosthyl, and
phenyl. In some additional embodiments, sach R is independently selected from Crsalkyl,
Crshaloaliovl, CUspearyl, Coghetoroaryt, Ciw oycloalloyl, €y sheterocyeloalkyl, halo, cyano, Oy

sallvlene-C=0H, Csalicvlene-CE=0-Cs shetercoyeloalkyl, Oy sallovleone-CEOIN, O
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salkyviene-C{=MN{Cy gsatkyl)y, Creaalkylene-Crsheterooyeloatkyl, Oalkylone-Cs
seveloalion], OO galkviene-N{Cigalkyh, O-Cy salkylene-Cy shetorocyeloalkyl, O-Cy.
salkviene-Cysheteroaryl, OO galkylene-CE=0M0C Lgalioy], O-Cpsalkvleone-C{=04-Cs.
shetercoyeloaltkyl, O-Csalkviene-CH{OHC salkvlene-OH, 5-C gatkvlene-OH, SOuCy.
salkviene-Uy sheterooveloalkyl, SO garyl, SO,U soveloalkyd, and SOU  salkylene-OH;
wherein each of the arvl, eyeloalkyl, and heterooycloatkyl motetics is optionally substituted
with one, two, three, or fouwr members independently selected from fluore, chlore, oxo,
methyd, ethyl, and phenyl. Each and every variation of n and ®! may be combined with each
and every varation of W, m, R, RYRY,RY R and R as deseribed for any of the foregoing

formulae,

{076 In some embodiments, m i 8 In other ombodiments, mis 1, 2, 3, or 4. Invet
other embodiments, m is 1 or 2. In the embodiment whers m is |, the B molety may be

located on any position of the phenyl ring, as depicted below.

R R
2 2N e
%, 9 e K J\ U
% Ry :?{ S N
LY

{877 fn the embodiment where m 15 2, both R may be the same or different. The two

2

v 4

A%

3 . . v 2 3 ‘o ‘ 5 »
R* moieties {e.g. R and R Y may be located on any two positions of the phenyl ring, as

depicted below.

Ay Ris s
H 2a H
e i W\ 2k 2 R N i 2 L
h“\\\:ﬁ;’f}s\] R \\Yf:":f'\\"rfR R ,3»;‘.«":\\: 5"” i‘ - _,_.:‘:;'\\g' LB o \.\E
! i ! { N i H
%, A L 2y A .—ij %, 1\ YR . d % l\
R R O e E N e TP NN
.«‘32‘ N e:‘&\\_‘ 32‘ - ﬁ R&s} ,?\, p (g S Rg\
§25
, .
&:.Ei ,.::?-L P Rﬁa ah
an | | 2a = N 23 2 23
R\\(}f}{'\\ % A j e \\'.»*R e N R R .‘;:}\\W,.R
H H o ] H 2, .,
Pk S s s N -
o i i % v ! Y . i
fz{\i\i\ o R'\g R N e Rﬂh Rgh ‘}{ e __‘a;\f;kﬂ..’j

o

HIOTE] In embodiments where 1 is 3, all B may be the same or different, or twe R? may
be the same and different from the third R, The three R moietios (e.g. B™, RY, and ™
may be located on any three positions of the phenyl ring. In emboediments where m s 4, all
four R? may be the same or different, two R” may bo the same and different from the third or

fourth R, or theee B may be the same and different from the fowth B%. The four R? moieties
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wherein:
R and R™ are independently selected from the moieties defined for R described

herein;
Y Tpib : Tt - 5 s - o 3 . R
R and R are {ndependently sclected from the moisties defined for R? described

herein; and
3 pd pld s 7 e | i
R, RY R R, and R are s defined herein;
or a pharmaceutically acceptable sall, isomer, or a mixture thereof,.

In other embodiments of formula {T) where nis 2 and m 8 2, the compouand is of

{0081}
formmdda {1&A-2)
PN

R¥ {1A-2),
" and R are as defined herein;

&

wherein R, RS, R¥ P, R RL R R
or a pharmacentically acceptable salt, isomer, or 2 mixture thereof,

In other embodiments of formula () where n is 2 and m is 2, the compound s of

{082
formulda (1A-3)

(A3,
T 2 b pd ond ot ph % .
wherein R R »® ¥ »Y r* &Y, R®, and R7 are as defined herein

or a pharmaceutically acceplable salt, isomer, or a mixture thersof,
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[O683]

in yet other embodiments of formula (1) where nis 1 and vy is 2, the compound
has the structure of formula (IB-1)

."\"i

o N

R AL ‘]
:.E\s\\\:ff N.,A‘\\\\“J\th

i\\:ﬁf i\\ N”'::} - Ré
T
NN R

RS j I

Ré .'\\.}"::N

a8

(181},
. . 1 2 2 \ ’% .. ] S j ':.‘ o~ >
wherein R, R R™, R RS RS, RY, and R ave as defined hersin;

ot a pharmacentically acceptable salt, isomer, or a mixture thereof.

{884}

It yet other embodiments of formuda {f) where nis 1 and m is 2, the compound
1as the structurs of formmula {(IB-2):

RZ&
[ fﬁg\\i}f _,...«%‘j\ N.,f‘ \Q. PaN R 24
| 3
o R
I N N o -

8

R {1823,
. % ondh ol pé pld opé T e .
wheretn RS, R® 8™ R RY 8 RS and R are as defined hereing
or a pharmaceutically sceoptable salt, isomer, or & mixiure thersof,
{O085]

in vet other embodiments of formmuia () where o is | and m 13 2, the compound is
of formula (IB-3%

2
R g
wmia 2 ! %
H u e
R A ™ b
Cry
. 3
\.;.'f-:i:"} ha Nﬁ:’t“ o R

wherein R, R¥ R®, R°, 1Y, R, RY, and R ave us defined hersin;
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or a pharmacentically acceptable salt, isomer, or a mixture thereof

{00486} In yet other embodiments of formula () where nis § and m is 2, the compound

has the structure of formula (IB-4)

\r'-
s NN, UR?

8 —
R (B,
conds opdt b pd opd pd opd G - .
wheretn R, R® R® = R Y R®, and R are as defined herein;

or a pharmaceutically acceptable sall, isomer, or & nixture thereof

G887 in yet other embodiments of formuda (I where nis | and m s 2, the compound is

of forroula {(18-5%

RS (IR-5),
. 8 22 1wl wd ad od né 7 :
whersin R, B R™, R%, 8%, ®%, RS, and R are as defined hevein;

or a pharmaceutically acceptable salt, isomer, or & mixture thereofl

{0088} in the embodiments, the compound has the structure of any of the foregoing
formulae (TA-1), GA-2), A3, (IB-1), (0B-2), (IB-3), {IB-4)}, or (IB-5), whorein T
chioro, Huors, SOsphenyl (Lo, SOCH;), SOpmethy! (Lo SGTCH;), 8Oz-methyiphenyl,
SOs-cyvclopentyl, SOp-ethylene-OH (Lo, SOGHOH), SCHOH, SOCH-Het, -

Callg{ CHGHCHL O Y, G-CoHGON{CH Y, G-CHRUI00: M, G-CHUO e,
tetrabvdropyndiny, CHaCOOH, CHLCOOH, GHCOOH, CHaCIOINH,, GHEOCOINH,,
CaHgCONH,, CHCIOIN(CH b, O HCOINICHy Y, CiHGCEIN(CH )y, CHRCO-Het,
CroHCOMHet, CiHOO W Het, CH-Het, CoH-Het, Gilg-Het, O-CHy-Het, G-CyH-Het, O
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{aHe-Het: wherein Het s azetidiny], pyrroliding], piperidiny]] azepanyl, piperaziny,
tnidazolyl, oxetanyl, morpholinyl, 2-oxs-T-azaspivo] 3. Snovanyl, 2-oxa-6~
azaspire{3.4loctanyl, S~oxa-1-azaspiro{3.3 Theptanyl, where each of the Het moieties {s
optionally substituted with one, two, three, or four members independently selected from oxe,
fluore, methyl, and phenyl. In some other ombodiments, the compound has the strucnre of
any of the foregoing formmlae (TA-1), (1A-2), JA-3), (B}, (B-2), (IR-3), (JB-4), or (IB-5},
wherein R is fluoro, chlore, methyl, or cyane, In certain embodinnents, the compound has
the stracture of any of the foregoing Prmulae (TA-1), JA-2), (A3, (B, (B-2), (B3
{1R-4), or {IB-5}, wherein R® is fluoro, diffuoromethyd, fluoromethyl, trifluoromethyl, or
SOpNH; In certain other embodiments, the compound has the structure of any of the
foregoing formulae A1), JASZ), JAS3Y, (B-1), (B-2), (1B-3), (IB-4), or {1B-5), wherein
R {2 fluore, or ovano., Fach and every variation of RY and R may be combined with sach

and every variation of R™, R b, RORO, R Ré, and R as deseribed hersin,

{EIHY In the embodiments, the compound has the structure of any of the foregoing
formmiae (TA-11 (A-2), (A-3), AB-1), (IB-2), (IB-3), (IB-4), or {IB-5}, whereln R i3
methyl, chloro, fluore, cyvane, tetrahydropyrdinyl,-CH,-C=010H, CeH-CEMOH, -CiHs-
CE=O0H, ~CHp-ClE0IN,, SCHp-CEOINICH ), -G HpCEOINH,, ~CH-CEOINCH ),
~Ca - C=0NH,, -Gl CENECH Y, ~CHp-C=00-Het, CoHp-CE0-Het, - Calle- OO
Het, G-CHp-CEOYOCH;, O-CoHp-CEOYICH,, G-OiH-CEOYOCH,, -CHp-Het, -CiHe
Het, -CiHg-Het , ~-CHy-ovclopropyl, -CiHg-oyelopropyl, ~CiHg-oyelopropyl, -CHz-ovclobutyl,
~CaHg-eyclobutyl, -CalHs-cyelobutyl, ~-CHy-cyclopontvl, ~CilHs-cyclopentyl, ~CsHe-
cyclopentyl, ~-CHy-oyclohexyl, ~Coly-cyelohexyl, -CiHg-ovelohexyl, O-CH-NHy, O-CaHg-
NH;, O-CiHg-NH,, G-CHeN{CH ), O-CoHp-N{CH; 1y, O-CaHe-N{CH3 )y, O-CHy-Het, O-
CaHg-Het, O-Cilg-Het, O-CHy-CEOYOH, OO He UEMOH, O-CiHACEOGOH, O-CH-
CEGOCH;, GG CEOOH,, O-CilH - CEOWOCH,, O-CH-CEG-Het, O-

CHOCH KCHO0H Y, S-GHOH, S-CaHOH, 8Oy-phenyl, SOp-methylphenyl, -80,-
ethyiphenyl, -8Gs-cyclopropyl, ~SQ-cvelobutyl, ~8Oy-cvciopentyl, ~SOyCHe-Het, ~SO0H;,
SO T ~SORTHy, -SOTHOH, or -SO:THOH; wheretn Het s independently selected
from piperidinyl, morpholinyl, piperazinyl, azepanyl, imidazolvl, oxetanyl, azetiding,
pyrrohidinyd, teteabydropyridinyl, 2-oxa-7-azaspive] 3. 5 Inonanvl, 2-0xa-H-
azaspirol 3 4oclanyl, and 6-oxa-1-azaspire{3.3Theptanyl, wherein each of the piperidinyl,

morpholinyd, piperazinyl, azepanyl, imidazoly, oxetanyl, azstidiny, pyrrolidingd,
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tetrahydropyridingd, 2-oxa-T-azaspiro{3 Slnonanyl, 2-oxa-6-azaspirol3.4joctanyl, 6-oxa-1-
azaspirol 3.3 theptanyl, cyclopropyl, eyclobutyl, cyclopentyl, and cyclohexyl moteties is
optionally substituted with one, two, three, or four members independently selected from
fluore, chlors, methyl, ethy], propyl, oxo, or phewvl. In some other embodiments, the
compound has the structure of any of the foregoing formulae (A1), ALY, JAL3), (B-1},
{(I8-2), (IB-3), {IB-4}, or (IB-5), wherein ®'7 is fluore, chioro, methyl, or ovano. in certain
embodiments, the compound has the strocture of any of the foregoing formulae JA-1), (TA-
2}, (1A3), (IB-1), (IR-2), (B3, (IB-4), or (IB-5), whersin R¥ i3 fluoro, diftuoromethyl,
fluoromethyl, rifluoromethyl, or SORNHL. In certain other embodiments, the compound has
the structure of any of the foregoing formulas (1A-1), {1A-2), (JA-3), (IB-1}, (IB-2), (IB-3),
{TR-4), or (IB-5), whereln R™ is flooro, or eyano. Fach and every variation of R™ and R
nay be combined with each and every variation of R4 R¥® YRR RS and R as

described herein,

LU In the embodiments, the compound has the structure of any of the foregoing
formudae (IA-1), (AL, (TAC3), (AB-1), (IB-2), (IB-3), (184}, or (IB-5), whersin R
totralivdropyridinyl, CHe-CE=O0H, -OHe-CEGOH, -CiH-CEMOH, -CH-CE0INH,, -
CHpCEOIN(CH ), ~Colle-Cl=0nNH,, -Cole-CE0INCH 1, ~CiHe CE=0NH,, ~C3Hg-
CE=MNECH ), ~CH-C=0)-Het, CHECEONHet, - CaHe-O=0)-Het, O-CH-CEO00:H,,
Q=R OO0, O-Cile-CEO00HY, -CH-Het, ~CoHe-Het, ~OsHg-Het | -CHae
eyclopropyl, ~CaHs-cyclopropyl, -CsHg-cyclopropyl, -CHa-cvclobutyl, -Colg-ovelobuivy, -
CaHg-oyolobutyl, ~CHy-cyclopentyl, -Chts-cvelopentyl, «Cils-ovclopentyl, -CHa-cyclohexyd,
~CaHeovelohexyl, ~CyHg-oyvolohexyd, OWCH-NH,, O-Colyp-NH,, O-CaH-NH,, G-CHy-
N{CHz Y, O-CaHeN{CH )Y, O-CiHe-N{THR ), O-CHp-Het, O-Colg-Het, G-CyHe-Het, O-
CH-CEOWOH, O-CHCEOOH, O-CiHe-CEGHOH, G-CH-CEOHOCH,, G- H-
C{E=OYOCH,, O-CsHe-CEGHOCH, O-CH-CE0Het, GnCHU{CH XCH O, 8-
CoHOH, S-CaHOH, SOy-phenyl, SOr-methyviphenyl, -SO,-ethylphenyl, SOp-cyclopropyd, -
SCu-cyclobutyl, ~SOys-cyelopentyl, -S0aCaHe-Het, «SOCH;, ~SGCHs, -80:C:Hy, -
SCHTHAOH, or ~SO,CHOH; wherein Het is independently selected from piperidingd,
morpholing, piperacinyl, azepanyl, imidazolyl, oxetanyl, azetidinyl, pyrroliding,
tetrahydropyridingd, 2-oxa-T-azaspire]3.5nonanyl, 2-oxa-G-azaspive] 3.4joctanyl, and 6-oxa-
1-azaspiro{3.3 theptanyl, wherein each of the plperidinyt, morpholinyl, piperazinyl, azepanyl,

imidazolyl, oxetanyl, azetidinyl, pyrroliding, tetrabydropyriding, 2-oxa-7-
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azaspivel 3. Floonanyl, 2-oxa-G-azaspiro] 3. 4octanyl, &-oxa-1-azaspire]3. 3 theptanyl,
eyclopropyl, cvelobutyl, cyvclopentyl, and cyclohexyl moieties is optionally substituted with
one, two, three, or four members independently selected from fluoro, chioroe, methyl, ethyl,
propyl, oxe, or phenyl. In sowe other embodiments, the compound has the structure of any
of the foregoing foromlae (A1}, (A2, JA-D), (B-1), (B-2), 0B-3), (IB-9), or (185,
wherein R is fluors, chlora, methyl, or cyano. In certain embodiments, the compound hag
the strocture of any of the foregoing oomulae JA-1), A2 (ALY, (B, (1B-2), 383,
{1B-4}), or {IB-8}, wherein 2% ix fuoro, dittuoromethyl, Huoromethyl, iniflueromethy], or
SOuNH,. In certain other emboediments, the compound has the structure of any of the
foregoing formulae JA-1), QA (AS3) (B-1), (1B-2), (1B-3), (IB-4), or {IB-§), wherein
R {¢ fluors, or eyano. Bach and every variation of R and R™ way be combined with each
and every variation of Rgaﬁ Rﬁ}, R . Eﬁi R , R.é, and R as described herein,
{8091} tn certain embodiments, R is hydrogen, optionally substituted Cy allovl,
optionally snbstituted Cas oveloatkyd, or optionally substitated Cop aryl Inone
smbodiment, s Cag cyclaaliovl, Caanaryl, or O atkyl optionally substitoted with
hydroxy, Csro 8rviC e alkoxy, Cag oveloalkyl, or ~O{=NRTRY wherein cach 8™ and RY
is independently hydrogen, Crgalkyl, or Oy haloalkyl. In some embodiments, R’ is methyl,
ethyl, propyl, butyl, pentvl, hexyl, cvclopropyimethyl, cyclopropyiethyl, evelobutylmethyl,
cyclobatylethyl, cyelopropyl, oyclobutyl, cyclopentyl, evelohexyd, -CHOH, ~CHLOH, -
CsHeOH, phenyl, -CH-CE=0INHy, ~Colle-CEOIN,, ~CaH-CEOINH;, ~CHy-
C{=ON{CH ), ~OHeCEOINCH ), o ~CiHp-CEOIN{CH ). In some other
embodiments, RY is methyl, ethvl, propyl, evclopropyl, oyolobutyl, phenyl, ~-CHy-

BRI in additional embodiments, R is hvdrogen or optionslly substituted Cig allyl, In
v 5 . « . . So oy
some ernbodimnents, R is hydrogen or Crg alkyl., In certain embodiments, R 18 hydrogen,

methyl, ethyl, propy! or batyl, In certain other embodiments, R” {8 hydrogen.

{093 In farther embodiments, RY and R with the stoms to which they are attached {e.p.
carhon and nitrogen, respectively) optionally form a heterooyehic ring that is optionally
substituted, In other embodiments, the R2-R™ heterocvelic ring is an optionally substifuted
three- to eight-membered heterooyeloalkyvl (e, heterocyeloalkyt having three to eight ring

s . p . B 3 h
memnbers and at least one ring member is a heteroatom). o other embodiments, the R
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heterooyelic ring is an optionally substituted four- to seven-membered heterocyeloalkyl (e
heterocycloaliov] having fouwr to seven ring members and at 1sast one ring memberis a
heteroatom). In certain other embodiments, the RLR7 heterooyvehio ving s Csg
heterocyeloalkyl. In cortain embodiments, the R™R heterocyelic ring is azepanyl, azetidinyl,
piperidinyd, pyrrolidinyl, or morpholinyl; where each of the azepanyl, azetiding, piperidiny,
pyrrolidiny, and morpholingt moteties is optionally substituted with one or two members
independently selected from halo, Creallvl, Crehaloalkyl, and NE™CHNIRY where RY i3
hydrogen or Crealkyl, and RY s Oy palkylene-NH,, Crs alivlene-Cygoveloalksd, or O
shaloalkyl, In further embodiments, the RARS heterooyelic ring is selected from azetidinyl,
morpholinyl, and pyrroliding, each of which is optionally substituted with one member of
Tuore, chiore, iode, methyl, ethyd, propyl, N{CHCHEMCH,NH,, N(CHACEOCHE,,
N{CHCEOWHLOF;, N{CHNCEC eyalopropyl, NHOGEMCHNH,, NHOEGICHEF,,
NHC{E=OWH,CE, or NHCE=Oeyelopropyl.

[¢094] In vet other embodiments, R is evano, halo, O ghaloalkyl, C=OW, or T,
«alkyl, In some other emnbodiments, ’Yis cyano, chiore, fuore, brome, iode, methyl, ethyl,
propyl, fueromethyl, difluoromethy], tiffuoromethyl, fucrcethyl, difluoroethyl,
rifluoroethyl, or CEOMXH:. In vet some other erabodiments, R is cyang, chlore, fluoro,
methyl, or CEOMCH;, In certain embodiments, ®%is NH;, halo, or Oy galkvl., In cerltain other
embodiments, R” is NHy, fheora, chloro, bromo, lode, methyl, ethyl, or propyl. In vet certain
other embodiments, R® i NH,, chloro, or methyl. In additional embodiments, R is NH,,
hale, or Cpgalkyl, In some additional embodiments, 87 s NHz, fluore, chlore, methyl, ethyl,
or propyl. In yet some additional embodiments, R {s NH,, chloro, or methvl. Bach and
every variation of R may be combined with each and svery variation of W, n, m, RY BRE RO,

4 7 N o
R°, R® and R as described herein,

{08951 In certain embodiments of the corpounds of the present appHcation, when R’ and
R form a S-membered heteroovelic ring that is optionally substituted with hvdrexyl, halo, or

. & - . T . .
methoxy, R is W ERR 1%4s amino, and R’ is amine;

{098} For cerfain compounds desoribed hereln, each uniquee stereoisomer has a
compound munber bearing a suffix “a”, “b”, etc. As an exampls, Compound 1 bearing one

chiral center can be resolved into its Individual snantiomers 1a and ih.
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1087 in any one of the foregoing ewbodiments, the compound described herein or a
pharmaceutically acceptable salt thereof is the (V-enantiomer. It is understood that sach
compound having & chiral center has epantiomers that correspond with the “2” and “b”

sxample provided above.

R A cornposition containing a mixture of enantiomers of the compound described
herein or a phanmacentically acceptable salt thereof] is also provided herein, In some
embodiments, the composition contains the (Shenantiomer of the compound and is
substantially free of #s corresponding (R}-enantiomer. In certain exnbodiments, a
composition substantially free of the (R)-enantiomer has less than or about 40%, 35%, 30%,
25%, 20%, 15%, 10%, 5%, 1%, (L0O5%, or 0.01% of the (R}-enantiomer. In other
embodiments, the composition confaining the {§)-enantiomer of a deseribed hersinor a
pharmaceutically acceptable salt thereof] predominates over its corresponding (R}-enantiomer
by a molar ratio of at least or about %21, at least or about 191, at least or about 4001, at least

or about 80:1, st least or about 16011, or at least or about 324801,

HEESY: The composition containing a compound of formula deseribed hereinor a
pharmaceutically accepiable salt thereof, may also contain the compound in enantiomerio
excess {e.e.). For instance, a compound with 85% {(S-isomer and 5% (R}-isomer will have an
g.e of 30%. In some embodiments, the compound has an .. of at least or about 8094, 75%,
B0%, B3%, 000, 95%, 08%% or 89%. In some of the foregoing embodiments, the compound

is enantiomerically-enriched in the {M-isomer of compound of formula deseribed herein,

{B0188]  Provided is also 8 composition comprising & mixture of the (S)-enantiomer and the
{R}-enantiomer of & compound of formula described herein or 2 pharmaceutically acceptable

salt thereof In one embodiment, the wixture is a racemic mixture. In other embodiments,
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the composition comprises the (8 penantiomer of & compound described herein or a
pharmacentically acceptable salt thereof, wherein the (8)-enantiomer of the compound is
present in excess of over the corresponding the (Ri-enantiomer of the compound, or a

pharmaceutically acceptable salt thereot

{90181} In any one of the foregoing embodiments, the compound described herein or a
pharmaceutically acceptable salt thereof, 15 an atropisomer. A composiiion containing a
mixture of atropisomers of the compound described herelny or a pharmacentically acceptable
salt thereof, s also provided herein. “Atropisomers” refers to contormational sterecisomers
which ocour when rotation about a single bond in the molecule is prevented, or greatly
slowed, as a result of sferic interactions with other parts of the molecule and the substituents
at both ends of the single bond are asymmetrical, e, they do not require a stereocenier,
Where the rotational barrier about the single bond iz high enough, and interconversion
between conformations is slow enough, separation and isolation of the isomeric species may
be permitted.  Afropisomers are enantiomers without a single asymmeiric atom. As an

example, Coropound 17 can be resolved into s individual stropisomers as depicted below,
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80183 Representative compounds of the invention are listed in Table 1 below in s none
isomerio form. The compounds in Table | are named wsing ChomBiolvaw Ultra, Similarly,
the Compounds 1-118 {which include certain compounds of Table 1) are named fusing
ChemnBioDraw Ultra. It is understood that other vames may be used to identify compounds

of the same structore. Other compounds or radicals may be named with common names, or
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Table 1. Representative Compounds

# Structure Name

2-{xy ciisp vi{{2 §-diaming-S-ovanopyrimidind-yHaminonsthvl b 4-0xn-
3-phenyl-3 d-dihydroquinazoline-3-carbonitrile

& {Senantiomer
b {R}-enantiomer

2-{vyclopropyi{{ 2,6-diaming-S-cyanopyrimidin-d-yamine ruethyi - 8-
Huoro-d-one-J-phenyl3 4-dihy s}quxﬁuzrimﬁﬁwa honitrile

& {8 -enantiomer
{K}-onantiomer

&

M

2 A-diamino-&-{{{S-chlore-d-oxo-3 »shenyE»S A-dihydroguingzolin-2-
vi\ {vhenyDmethylaminapyrimidine Scarhoniivile

& {8)-enantiomer
b {R}-enarsiomer

2-{oyclopropyl((2,6-diamine-S-cyanopyrimidin-d-ylaminemethy-3-3-
{difhuoromethyl - Sfuorophenyli-d-oxe-3 d-dihvdroguinazoline-S-
carbonitrile

& {S)henantiomer
b {Ri-enangiomer
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Structurs

Name

2 A-dlamino-t-{{oyclopropyi(3-(3-flnoropheny-3-{methylsulfonyt -d-oxo-

3 d-dibydroguinazolin-2-ymethvDaminoipyrimidine-3- carbonitrile

a {S}-enantiomer
b {Ri-enantiomer
s,
1 d-damino-S-{{oyelopropyi(3-(2 s-diffunvophenyl}-3-{methylmifonyid.
oxo-d-diydroguinazolin-2-yDimethylamingipyrimidive-S-carboniixile
a: {S-enantiomer
by (R cnantiomer
&
feyelopropyl{{ 2 S-disnino-S-cyanopyrimidin-4-yHaminehoethy G-
*" more-3-{3-huoropheny d-oxo-3 4-dihvdroguinazoline-S-carbonirile
& {Sr-enanticmer
b {Renantiomer
A{ovel o“m*;g‘:-( ~dtamino-3-cyanopyrimidin-devDamineimethyl 3-8-
fugre-d-oxo-3 ghmvi -3 A-dihydroguinazoline-S-carbonitrile
a1 {S)-enantiomer
N b {(Ri-enantiomer
F 3-{S-chloro-3-£3 S-dithuorophenylp-d-oxo-3 d-dibydroguinazoine2 o3
l {2 GHaminn-S-cyanopyrimidin-d-yhamine N, N-dimethylpropanamide
S0 Yy
! i ﬁ i a: {Senantiomer
} . ot :
P T AN B (R)-enantiomer
9 :
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Swructure

Name

3{5-chloro-d-oxo-3-phenyt-3 4-dihydeoguinazolin- 2~y -3-{ {2 H-Hamino-S-
cyanopyrimidin-d-viamino N N-dimethyilpropanamide

& {S)-enantiomer
by (R enantiomer

b
g
- \,\‘z\}N
Ny
F 3 4-dlamine-6-({{3~{3-cyvano-S-fluorophenyi3-methyl4oxe-3 &
BN dihydroguinazolin-2-yh¥eyelopropyDimethyDaminojpyrimidine-3-

carbonitrile

a: {S)-enantiomer
b (B }enantiomer

2 A-dramino-6-{{vyclopropyi{3-3,5-diffusrophenyl-S-msthyl-deoxo-3 4+
dihpdroguinazoin-2-vhmethyDaminopyeimidine-5-carbonivile

3 [” T
- a: {S)-enantiomer

b {R}-enantiomer

12,
2 A-damino-6-{{{5-chlore-3-(3,5-diflunrophenyii-d-one-3,4-
dihydroguinazolin-ZeyiYevelopropyhimethy bamino)pyrimidine-5-
carbonitrile
a: {Si-cnantiomer

A b {R-enantiomer
Z4-dHamino-S-({oyclopropyi(3-(1,5-difluorophenyl-5-Huoro-d-oxo-3 4-
dihydroguinazolin-2oyimethylaminolpyrimidine-S-carboniils
a: {8}-enantiomer
i {R)-enantiomer

14,
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Eey

Btruciure

Name

R

SO S n
H i
- L e oy T
~ o J "t

2 4-draming-G-{{oyclopropyi{ S-fuorn-3-(thorophenyli-deon o3 4
dihydroguinasolin2-vHmethyDamino}pyrintding-S-carbonitrile

a: {Si-enantiomer
b {H-enantiomer

2 A-dlamino-S-{{oyvelopropyie-nore-3-3-Huorophenyli-d-ono-3 4
dibvdroguinaszolin-2-vmethyl vninopyrinddine- S-carthonitile

a: {S)-enantiomer
b {Ry-cnantiomer

= - \fN
¥
i
2 d-dlamino-G-{{eyclopropyi{ 3 I-Huorophenyl-S-{meathylsulfonyoxe
3 A-dihydroguinazolin-2-yTnathyamine ypyrinddine-S-carbonintle
a: {(Shenantiomer
' a1 and &2 stropisomens
i b {R}-enantiomer
WM. N NHR (R} TN
:§ S b1 and B2 atvopisomers
,.f.':'"'/v'\\}:’{) N
N

A T-{{5-peetyl-d S-diaminopyamidin-d-yDaminoethyl-S-chioro
difluoropbenylauinazolin-403Hrone

5

a {S)-enantiomer
b (Rj-enantiomer
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NN Provided ave also compounds desoribed herein or pharmaceutically acceptable
salts, isomer, of 8 mixtore thereof, in which from § to n hydrogen atoms aftached to 8 carbon
atomn may be replaced by 8 deuterium aton or I3, o which 1 is the number of hydrogen atomy
in the molecule, As known in the art, the deuterium atom s 8 nos-radicactive isotope of the
hydrogen astorn, Such compounds may Increase resistance to metabolism, and thus may be
useful for increasing the half-life of the compoonds deseribed herein or pharmacsutically
acceptable salts, isomer, or a mixture thereof when administered to a marurnal, See e g,
Foster, “Denterium Isotope Effects in Studies of Drug Metabolism™, Trends Pharmacol. Sl
S(12)524-527 (1984). Such compounds are synthesized by means well known in the art, for
example by emploving starting materials tn which one or more hydrogen atoms have been

replaced by deunterivam,

{80164]  Provided are also pharmaceutically acceptable salts, hydrates, solvates, tantomeric
forms, polymorphs, and prodrogs of the compounds deseribed herein, “Pharmaceutically
accepable™ or “physiclogically acceptable” refor to compounds, salls, compositions, dosage
forms and other materials which are useful in preparing 2 phavmaceutical composition that is
suitable for veterinary or human pharmaceutical wse, “Pharmacentically acceptable salts™ or
“physiologically acceptable salty” include, for example, salts with inorganic acids and salts
vith an organie actd, In addition, if the compounds described hersin are obtained ag an acid
addition salt, the free base can be obtained by basifying s solution of the acid salt.
Conversaly, if the product is a free base, an addition salt, particuiarty a pharmaceutically
acceptable addition salt, may be produced by dissolving the free base in a suitable orgasic
solvent and tregting the solution with an acid, in accordance with conventional procedures for
preparing acid addition salts from base compounds, Those skilled in the art will recognize
various synthetic methodologies that may be used to propare nontoxic pharmaceutically

accepiable addition salts.

[BO18581 A “golvate” is formed by the interaction of a solvent and a compound, Solvates of
salts of the compounds described herein are also provided. Hydrates of the compounds

deseribed horsin are also provided.

[00186] A “prodrug” includes any compound that becomes a compound degertbed herein

when administered o a subject, ¢ g, upon meiabolic procsssing of the prodrug.
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[GHI87] In cevtain embodiments, provided are optical isomers, racemates, or other
mixiures thereof of the compounds described herein or pharmaceutioally acceptable salis or a
mixture thereof. In those situations, the single enantiomer or diastereomer, fe., optically
active formy, can be oblained by asynumetnic synthesis or by resolution of the racemate.
Resolution of racemates can be accomplished, for example, by conventional methods such as
erystaliization in the presence of a resolving agent, or chromatography, waing, for example a
chiral high pressure guid chromatography (HPLO) columa. In addition, provided are also 2-
and B- forms {or cis~ and frans- forms) of the compounds described herein with carhon-
carbon double bonds. Provided ave also all tautomeric forms of the compounds of formula

described hersin

WY Compositions provided herein that include a compound desortbed herein ot
pharmacentically acceptable salts, isomer, or a mixture thereo! may include racemic
mixtures, or mixtures containing an enantiomeric excess of one enantiomer or single
diastercomers or diastereomeric mixtures. All such isomeric forms of these compounds are
expressly included herein the same as if sach and every fsomeric form were specifically and

individually lsted.

H6188]  In certain embodiments, provided herein ave also crystalline and amorphous forms
of the compounds described herem or phanmaceutically acceptable salis, isomer, or a mixture

thersof,

{8118 In certain embodiments, provided are also chelates, non-covalent complexes, and
mixtures thereof, of the compounds described herein or pharmacentically acceptable salis,
isomer, or a mixture thereot. A “chelate” 18 formed by the coordination of a compound to a
metal ion at two {or more) points. A “non-covalent coroplex™ is formed by the interaction of
a compound and another molecule wherein a covalent bond is not formed between the
componnd and the wolecule. For example, complexation can ocour through van der Waals

inferactions, hvdrogen bonding, and slectrostatic interactions {also called ionic honding).

Therapeutic Usas of the Compounds

{08111} The compounds described herein or pharmacentically acceptable salts, isomer, or

a mixture thereol may be used for the treatment of diseases andfor conditions mediated by
¥
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including the methods described in the Examples below. In some embodiments, the activity
in the cellular assay is less than 10 oM, 9 nb, R oM, 7 oM, 6 o, 5ol 4 oM, 3 oM, 2 nM,
Tobd, 8.1 nM, or 0.01 odL For example, certain compounds may have selectivity to at least
one PIIK {soform, including PI3KS, and have hepatocyte stability based on 4 halflife of

S

greater than 3 hours. As used herein, the term “potency,” “potent,” or variants thereof refer
to a compound exhibiting an s value that s less than 100 oM. When comparing two
compounds, the compound that exhibits a lower ICs value 15 referred to as a more potent

inhihiion

H

[B8136]  “Treatment” or “treating” is an approach for obtaining beneficial or desired resolts
including clinical results. Beneficlal or desired clinieal resudts may include one or more of
the following: a) inhibiting the disease or condition {a.g., decreasing one or MOTe SYmptoms
resulting from the disease or condifion, snd/or diminishing the extent of the discase or
condition}; b} slowing or arresting the development of one or more clinical symptowms
associated with the disease or condition {e.g., stabilizing the discase or condition, preventing
or delaving the worsening or progression of the disease or condition, and/or preventing or
delaving the spread {e.g., metastasis) of the disease or condition); and/or ©) relieving the
disease, that ie, causing the regression of chindeal symptoms {e.g., ameliorating the disease
state, providing partial or folal remission of the disease or condition, enhancing effect of
another medication, delayving the progression of the disesse, increasing the quality of life,

and/or prolonging survival,

BEIY7Y “Prevention” or “preventing” means any treatment of a discase or condition that
causes the clintcal sympioms of the disease or condition not to develop. Compounds may, in
some embodiments, be administered to a subject (including a human) who is at visk or has a

family history of the disease or condition.

[BOTI8]  “Bubject” refers to an animal, such a8 a mawnnal {Including a lnunan), that has
been or will be the object of reatment, observation or experiment, The methods desoribed
hersin may be usefid in buman therapy and/or veterinary applications. In some smbodiments,
the subject is a mammal. In one embodiment, the sobject is 2 human, “Human In need
thereof” refers fo a human who may have or is suspect to have dizeases, or disorders, ov
conditions that would benefit from certain treatment; for example, being treated with the

PIAK inhibitor of the compounds according to the present application. In certain
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emtbodiments, the subject may be g human who (1) has not received any freatment including
chemotherapy freatment, (i) 1s substantially refraciory to 8t least one chemotherapy
treatment, (1) is i relapse after treatinent with chemotherapy, or both (1) and (). In some of
smbodiments, the sabject is refractory to at least one, at least two, at least three, or at least

fowr chemotherapy treatments (inchuding standard or experimental chemotherapios).

V' The term “therapeutically effoctive amount” or “effective amount” of a compound
described herein or pharmaceutically acceptable sallg, isomer, or a mixture theveof means an
amount sufficient to effect treatment when administered to a subject, to provide a therapsutic
benefit such as sueloration of symptoms or slowing of disease progression. For exanple, a
therapentically effective amoust may be an amount sufficient fo decrease a symptom of a
disease or condition responsive fo inhibition of PI3KS activity, The therapeutically effective
amount may vary depending on the subject, and disease or condition being treated, the weight
and age of the subjoct, the severity of the disesse or condition, and the manner of

administering, which can readily be determined by one or ordinary skill in the art,

{328 The term “inhibition” indicates 2 decrease in the baseline activity of a biological
activity or process. “Inhibition of activity of PI3K isoforms” or varianis thereof refer to a
decrease in achivity in any PI3K isoform {e.g., alpha, betg, garmnma, or delia) as a divect or
indirect response fo the presence of a compound of the present application relative to the
activity of PI3K tsoform in the absence of the compomnd of the present application.
“Inhibition of PIIKS activity” or varizuts thereof refer to a decrease in PI3KS activity as a
direct or indirect response fo the presence of a compound described hereln relative to the
activity of PIIKS in the absence of the compound described herein. In some embodiments,
the inhibition of PI3KS activity may be compared in the same subject prior to treatient, oy

other subjects not recetving the treatment.

{9131} Without wishing to be bound to any theory, the decrease tn PI3KS activity may be
due to the direet interaction of the compound with FI3KS, or due to the interaction of the
compounds described herein with one or more other factors that in turn affect PI3KS activity.
For example, the presence of the compounds of any of the foregoing formulae may decrease
PI3KS activity by divectly binding to the PI3KSE, by causing {directly or indirectly) another
factor to decrease PISKE activity, or by {directly or indivectly) decreasing the amount of

PLIAKS present in the cell or orgardsm.
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[B0133]  The terms “PI3K isoform selective inhibitor”™ generally refers to a compound that
inhibits the activity of one or more PI3K isoforms mwore effectively than the other remaining
PLIK tsoforms. By way of example, the term “PIIKS selective inhibitor” generally refers o a
componnd that inhidits the activity of the PI3KS isoform more effectively than other isoforms
of the PIIK family (eg., PBK o, §, or v} The term “PI3Ka selective inhibitor” generally
refors to a compound that inhibits the activity of the PI3K« isoform more effectively than
other isoforms of the PI3K family {e.g, PIIK B, §, orv). The ferm “PIK] selective
inhibitor” generally refers to a compound that inhibits the activity of the PI3KE isoform more
effectively than other iseforms of the PIIK family {e.g, PI3K &, §, or v). The tenm “dual
PI3Ko/B selective inhibitor generally refors to a compound that inhibits the activity of the
PI3Ko and PI3KE isoforms more effectively than other isoforms of the PI3K family {e.g.,
PI3K § ory)

{H8123]  The relative efficacies of compounds as inhibitors of an enzyme activity {or other
bological activity} can be sstablished by defermining the concentrations al which sach
compound inhibits the activity to & predefined extent and then comparing the results, In one
embodiment, the efficacy of a compound as an inhibitor of one or more PI3K isoforms can be
measured by the conceniration that inhibits 5% of the activity in a blochemical assay, e,
the 50% inhibitory concentration or “ICsq”. ICs, determinations can be accomplished using
conventional techniques known in the art, inchuding the techuiques deseribes in the Examples
below. [n general, an 105 can be determined by mensuring the activity of 3 given enzyme in
the presence of a range of concentrations of the compound under stady. The experimentally
obtained values of enzyme gotivily may then be plotted against the compound concentrations
used. The concentration of the inhibitor that shows 50% enzyme activity {as compared to the
aotivity in the absence of any inhibitor) is taken as the ICs value. Analogously, other
inhibitory concentrations can be defined through appropriate determinations of activity, For
example, in some settings it may be desirable to establish a 90% whibitory concentration, ie.,

g

D814 In one embodiment, a PI3KS selective inhibiior 19 8 compound that exhibits a 50%
inthibitory concentration {1Cs} with respect to PI3KA that iz at least 10-fold, in another aspest
at least 20-fold, and in another aspect at least 30-fold, lower than the I value with respect

to any or all of the othey Class I PIIK famtly members, In another embodiment, a PIAKS
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selective inhibitor is a compound that exhibifs an ICs; with respect to PI3KS that s at feast
S0-fold, in another aspect at least 100-fold, in an additional aspect at least 200-fold, and in
vet another aspect at least 500-fold, lower than the ICs with respect to any or all of the other
PIAK Class [ family members. A PI3KS selective inhibitor is typically administered in an

ameunt such that if selectively inhibits PISKS activity, as described above.

fO013%1  In one embodiment, a PI3Ku selective inhibitor s a compound that exhibits a 50%
inhibitory concentration (ICs) with respect to PI3KD that s at least 10-fold, in another aspect
at least 20-fold, and n another aspect atf least 30-fold, lower than the 105 valve with respect
to any or all of the other Class 1 PI3K family members. In another enbodiment, a PIB3Ka
selective inhibitor 13 & compound that exhibits an 1Cs, with respect 1o PI3K o that is at least
SO-fold, in another aspect at least 100-fold, in an additional aspect at least 200-fold, and in
yet another aspect af least SO00-fold, lower than the ICsp with respect to any or all of the other
PI3K Class I family members. A PI3Ka selective inhibitor is typically administered in an

amount such that #t selectively inhibits PIIK g activity, as deseribed above

[88136] v one embodiment, a PI3KS selective inhibitor is a compound that exhibits & 5%
inhibitory concentration (ICsq) with respect to PI3KE that is at least 1014, in another agpect
at least 20-fold, and in another aspect af least 30-fold, tower than the 1T value with respect
to any or all of the other Class I PI3K family members, o another embodiment, a PISKS
selective inhibitor i3 a compound that exhibits an {Cyp with respect to PI3KP that is at least
50-fold, in another aspect at least 100-fold, in an additional aspect at least 200-fold, and in
yot another aspect &t least S00-fold, lower than the ICs with respect to any or all of the other
PI3K Class T faroily members, A PEKE selective indubitor is typically administered in an

amount such that i selectively inlubits PI3KE activity, as described above,

[B8127)  The methods described herein may be applied to cell populations in vwive or ex
vive, “In vive” means within a Hving fndividual, as within an animal or human, o this
comtext, the methods described herein may be used ihempmmaiiga in an individoal, “8x vive®
means outside of a living Individual, Examples of ex vive cell populations include in vitre cell
cultures and biological samples including fuid or Hegue samples obiained from individuals.
Such samples may be obtained by methods well known in the art. Exemplary biclogical fluid
samples include blood, corsbrospinal fludd, wine, and saliva. Exemplary tissue samples

inchade fumors and Mopsies thereof. In this context, the nvention may be used for a varisty
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of purposes, including therapeutic and expenimental purposes. For example, the nvention
may be used ex vive to determine the optimal schedule and/or dosing of administration of &
PI3KS selective inhibitor for a given indication, cell type, individual, and other parameters,
Information gleaned from such use may be used for experimental purposes or in the clinfe to
set protocols for fn vive treatment. Other ex vive uses for which the invention may be suited
are desoribed below or will become apparent to those skilled in the ant. The selscted
compounds may be further chavacterized to examine the safoty or tolerance dosage in ugman

or gon-haman subjscts. Such properties may be examined using commenly known methods

1o those skilled in the art,

{0128 Compared to other PI3K isoforms, PIIKS is generally expressed in hematopolstic
cells, Conseguently, the divect effects of selective inhibitors of PI3KS can be observed in
hematopoietic cells. Hematopoietic oslis typically differentiate into sither lymphoid
progendtor cells or myeloid progenitor cells, both of which ulthmately differentiate into
various mature cell types including leukocyies. Aberrant proliferation of hematopoietic ceils
of one type often interferes with the production or survival of other hematopoietic cell types,
which can resull in compromised immundly, anomda, anddor thromboeytopenia. The methods
described herein may treat aborrant proliferation of hematopoistic cells by indibiting aberrant
profiferation of hematopoietic cells. As a result, these methods may also ameliorate the
svmptoms and secondary conditions that result from a primary effect such as excesgive

system or logalized levels of levkocytes or lymphooytes.

IB0129)  In some embodiments, the compounds desoribed herein may be used o treat
subjecis having various disease states, disorders, and conditions {alss collectively reforred to
as “indications”} involving aberrant proliferation of hematopoietic cells (ncluding excessive
production of lymphoid progenitor cell-derived cells and/or myeloid progenitor cell-derived
cells). Such indications may include, for example, leukemias, ymphomas,
myeloproliferative disorders, myelodysplastic syndromes, and plavma cell neoplasms. In
cortain smbodiments, the componnds described herein may be used to treat hematologic
malignancies, inflammation, autoimmune disorders, allergic conditions, cardiovascular
disease, and autoinunune diseases. In ceriain embodiments, allergic conditions may inclade

all forms of hypersensitivity,

&l
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{68136¢]  In other embodiments, the compounds described hersin may be used to freat
cancers that are mediated by, dependent on or associated with PI3K activity, such as PI3KS
activity., In cortain embodiments, the disease is 8 hematologico malignaney. In certain
embodiments, the dizease is lymphoma, muitiple myeloms, or leukemia, In particular
smbodiments, the hematologio malignaney is levkemda or Iyinphoma. In specific
emmbodiments, the discase is acute lymphooytic leukenda (ALL), acute myvelodd levkemia
{AML}, chronic lymphooytic leukemia (CLL), small tviophooytic lymphoma (SLL),
myselodyveplastic syndrome (MDS), myecloprotiferative disease (MPD), chronte maveloid
feukemia {CML), juvenile myelomonocyiie leakemia (JMML), muliiple myveloma (MM},
Hodgkin bymphoma, indolent non-Hodgkin's lymphoma GNHLUY, refraciory iINHL, non-
Hodgkin's lymphoma (NHL), mantle cell lymphoma (MCL}, follicolar lymphoma,
Waldestront’ s macroglobulinemia (WM), minimal recicual disease (MRD), Tecell
tymphoma, Becell lymphoma, diffuse large B-cell lymphoma {(BLBCL}, Tecell acute
ivmphoblastic levkemia {T-ALL), B-oell acute Iymphoblastic loukemia (B8-ALL),
ivmphoplasmacytic lymphoma, marginal zone lymphoma, or Burkitt lymphoma, In one
embodiment, the disease is Tecell acute Ivmphoblastic leokemia (T-ALLY, or B-cell acute
fymphoblastic leukemia (B-ALLY It should be understood that the non-Hodgkin lvmphoma
may, in cerfain embodiments, encompass the indolent Bocell discases that include, for
example, follicnlar lymphoma, yvmphoplasmacytic lymphoma, Waldenstrom
macroglobulinermia, and marginal zone lymphoma, as well as the aggressive lymphomas that
inclade, for sxample, Burkdtt lymphoma, diffuse large B-oell lymphoma (DLBCL) and

mantie cell lymphoma (MCLL

81311 In other ombodiments, the disease is 2 solid tmor, In partioular embodiments, the
solid tumor is from pancreatic cancer, bladder cancer, colorectal cancer, breast cancer,
prostate cancer, renal cancer, hepatocellular cancer, lung cancer, ovarian cancer, cervical
cancer, gastric cancer, ssophagenl cancer, head and neck cancer, melanoma, newroendocrine
cancers, CNS cancers, brain bumors {e.g., glioma, anaplastic cligodendroglioma, adult
ghioblastoma muoltiforme, and adult emapi&sii@ astrocytomal, bone cancer, or soft tissue
sareomna. In some embodiments, the solid tumor 8 fom non-umall cell hung cancer, small-
cell lung cancer, colon cancer, ONS cancer, melanoma, ovarian cancer, renal cancer, prostate

cancer, or breast cancer.
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HHI33]  In some embodiments, the disease is an autoinunune disease. In parficular
embodiments, the aptoimmune disease is systemic lupos srythematosus (SLE), myvestenia
gravig, rheumatond artheitis (RA), acute disseminated encephalomyelitis, idiopathic
thrombocytopenic purpura, multiple sclerosis (M8}, psoriasts, Sjoegren’s syndroms,
psoriasis, autotmmmme hemolytic anemia, asthma, or chronic obstructive pulmonary dissase
{COPDNL In other embodiments, the discase ts inflammmation. In vet other embodiments, the
disease 1s excessive or destructive munune reactions, such as asthima, rheumatoid artheitis,

multipde sclerosds, chronic obstructive pulmonary disease (COPDY, and upus,

[0133)  Provided is @ method for treating s subject, whe has or is suspected of having a
disease or condifion responsive or believed to be rosponsive to the inhibition of PI3KS
activity by administering to the subiect the compound deseribed herein or pharmaceutically
acceptable salts, somer, or a mixture thereofl Provided is also a method of inhibiting kinase
activity of a phosphatidylinositol 3-kinase delta polypeptide by contacting the polypeptide
with the compound described herein or pharmaceutically acceptable salis, isomer, or a
mixture thereof, Provided ¢ also a methed of disropting loukocyie fanction comprising
contacting the leukocytes with an effective amount of a compound described heretn or
pharmacentically scosptable salts, isomer, or a mixture thereot in a subject in need thereof
{e.g., a human). Provided is also a method of inhibiting & growth or 2 proliferation of cancer
sells of hematopoietic origin comprising contacting the cancer cells with an effective amount
of 8 compound described herein or pharmaceutically acceptable salts, isomer, or a mixture

thereot.

Combination Theranies

{00134 The compounds according fo the present apphHcation may be used in combination
with one or more additional therapeuntic agents. The thergpeutic agents may be in the forms
of compounds, antthodies, polypeptides, or pobynuclectides. The therapeutic agent includes,
but Is not limited to, 8 chemotherapentic agent, an immunotherapentic agent, 8
radiotherapeutic agent, an antbneoplastic agent, an anti-cancer agent, an anti-proliferation
agent, an anti-Sbrotic agent, an anti-angiogenic agent, s therapeutic antibody, or any
combination thereofl In one embodiment, the application provides a product comprising &

compound described herein and an additional therapeutic agent as 8 combined preparation for
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simultaneous, separate or sequential use in therapy, e.g. 3 mothod of treating a Jisease,

g

disorder, or condition that 1s mediated by PI3K isoforms.

{81381 Tn onc embodiment, the compounds of the present application may be used in
combination with one or more additional therapeutic agent that are being used andfor
developed to {reat cancers o inflaxnmatory disorders. The one or more additional therapentic
agent may be an inhibitor to PI3K such as PI3Ky, PIKE, andior PI3K e, Janus kinase (JAKD
such as JAK L, JAKZ andfor JAKS | spleen tyrosine kinase {SYK), Bruton’s tyrosine kinase
{BTK}, bromodomain containing profein inhibitor (BRI} soch as BRDY, a lvsyl oxidage
protein (LOX}, tysyi oxidase-like protein (LOXL) such as LOXLI-S, matrix metalloprotease
{(MMF) such as MMP 1.10, adenosine AZH receptor {AZR), isocitrate dehvdrogenase {IDHY
such as IDH1, apoplosis signal-regulating kinase {ASK) such as ASK 1, serine/threoning
kinase TPLZ, discoidin domain receptor {DDR) such as DDR1I and DDRR2, histong

deacetylase (HDAC), protein kinase C (FKO), or any combination thereof

{08138]  One, two, three, or more of the therapoutic agents {e.g. a PI3X inhibitor, a JAX
mhibitor, 2 SYK inhibitor, a BTX inhibitor, a BRI inhibitor, 8 LOXL2 inhibitor, a MMPS
whithitor, a A2B iInhibitor, an IDH inhibitor, an ASK ighibitor, a TPL2 inhibitor, 2 DDRI
inhibitor, 8 TRK inhibitor, 8 HDAC inhibitor, a PKC inhibitor) may be fwrther used or
combined with a chemotherapeutic agent, an immunotherapeutic agent, a radictherapeutic
agent, an antt-neoplastic agent, an anti-cancer agent, an anti-fibrotie agent, an anti-anglogenic

agent, a therapeutic antibody, or any combination theveof,

IBI3TT Also, the therapeutic agents may be those that inhibit or modulate the activities of
Bruton’s tyrosine Kinase, spleen tyrosine kinase, apoptosis signal-regulating kinase, Janus
kinase, bysyl oxidase, hysyl oxidase-like proteing, mairix metallopeptidase, bromodomain-
containdng protein, adenosine AZB receptor, isocitrate dehydrogenase, sering/threoning
kinase TPLZ, discoidin domain recepior, serine/threonine-protein kinases, IKK, MEK,
EGER, histone deacetylase, protoin kinase O, or any combination thereofl In certain
embodiments, the therapeutic agent may be selected from a PI3K {including PIIKy, PI3KS,
PIIKE, PIBK g, and/or pan-PIIK) inhibitor, 2 JAK {Janus kinase, incluoding JAKLIAKR,
andfor JAKS) inhibitor, a SYK {spleen tyrosine kinase) inhibitor, 8 RTR (Bruton’s tyrosine

kinase} inhibitor, an AZB {adenosine AZB receptor) inhibitor, an ACK {activated CDXC
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kinase, inclnding AUK 1) nhibitor, an ASK (apoptosis signal-regulating kinase, including
ASK 1) inhibitor, Auroa kinase, a BRI} (romodomain~containing profein, including BRI}
inhibiter, a Bel (Brcell CLELAymphoma, including Bel-1 andfor Bel-2) inhibitor, a CAK
{CDK -activating kinase) inhibitor, a CaMK {cabmodulin-dependent protein kinases) inhibitor,
a CDK {cyclin-dependent kinases, incluading CDK, 2, 3, 4, and/or 8§} inhibitor, 8 UK {casein
kinase, inclading CK1 and/or CK2) inhibitor, a DDR (dizcoidin domain receptor, including
DRI andior DDIR2) inhibitor, a EQFR inhibitor, a FXR {(farnesoid x receptor) inhibitor, a
FAK {focal adhesion kinase) inhibitor, 2 GSX {glyeogen synthase kinase) inhibitor, 8 HDAC
{histone deacetylase} indubitor, an IDO (ndoleamine 2,3-dioxygenase) inhibitor, an IDH
{izocitrate dehvdrogenase, including IDH1T) whibitor, an IKK {(I-Kappa-B knage) inhibitor, g
KDMS (ysine demethylase} inhibitor, a LOK (ymphooyte-specific protein fyrosine kinase)
inhibitor, a LOX {lysyl oxidase) inhibitor, a LOXL (ysv! oxidase ke protein, including
LOXL, LOXL2, LOXLE, LOXL4, andfor LOXLE) inhibitor, a MTH {(mut T homelog)
inthibitor, a MEK {mitogen-activated protein Kinase kinase) inhibilor, a matrix
metalloprotease (MMP, including MMPZ and/or MMP9} inlubitor, 8 mifogen-activated
profein kinases (MAPK) indbitor, a P {programmed cell death protein 1) inhibitor, a PD-
L1 {programmed death-ligand 1) inhibitor, a POGY {platelet-derived growth factor) inhibitor,
& phosphorylase kinase (PX} inhibitor, 8 PLK {(polo-like kinase, inclading PLKI, 2, 1)
inhibitor, a protein kinase (PK, including protein kinage A, B, C) inhibitor, a TR
{sering/threonine kinase) inhibitor, 2 STAT (sigeal transduction and franscription} inhibitor, a
serine/threonine-protein kinase inhibitor, a TBK {(tank-binding kinase} inhibitor, a TLR (toll-
like receptor modulators, including TLR-1, TLR-2, TLR-3, TLR~4, TLR-5, TLR-6, TLR-7,
TLR-E, TLR-S, TLR-10, TLR-1L, TLRAZ, and/or TLR-13) indubitor, a TK {tyrosine kinase)
inhibitor, 2 TPL2 serine/threonine kinase) inhibitor, 8 NEKS inhihitor, an Abl inhibitor, 2
3R kinase inhibitor, 2 PYK inhibitor, a PYX inhibitor, 2 ¢ Kit inhibitor, 8 NPM-ALK
inhibitor, a Fit-3 inhibitor, a o-Met inhibitor, 8 KDR inhibitor, 2 TIE-2 inhibitor, a VEGPR
inhibitor, & SRC inhibitor, @ HOK inhibitor, 3 LYN inhibitor, a FYN ighibitor, a YES
mhibitor, a chemotherapentic agent, an immunotherapentic agent, a radiotherapeutic agent, an
anti-neoplastic agent, an andfi-cancer agent, av anti~-profiforation agent, an anti-fbrotic agent,
an anti-angiogenic sgent, a therapeutic antibody, or any combination thereofl In some
ernbodiments, the JAK inhibitor s N-{evanomethyl34-{ 2-{ dmorpholincaniiine pyrimidin-d~

yilbenzamide as named by ChemDraw {may also be referred to as CYTE387 or momelotinib)
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and may be synthesized by the methods desoribed in ULS, Patent No. 8,486,941, In certain
embodiment, the SyK inhibttor 15 &-{1 Heindazol-6-91)-N-{4-morpholinophenyimidaze{1,2-
alpyrazio-B-amine a8 named by ChemDraw {(may alse be reforred to as 6-{1Huandazol-6-y1y
Nefde{morpholin-d-yhphenyl Hmidazol 1, 2-alpyrasin-8-amine} and may be synthesized by the
methods deseribed I ULS. Palent No. 8,450,321, In other embodiments, the BTK. inhibitor s
{Sh-6-amino-9-{1-{(but-2-ynoyhpyrrolidin-3-yi} w{%phcnowphmwi} H-purin-&9H}-one as
pamed by ChemDlraw {may also be d-amino-S-{3R}-1-{2-butynoyl-3-pyrrolidingd}-7-{4-

phenoxyphenyD-7 B-dibydre-8H ~purin-8-one) and may be synthesized by the methods in

{80138] Chemotherapentic agents may be categorized by thetr mechanism of action inta,
for example, the following groups: anti-metabolites/anti-cancer agents, such as pyrimidine
anaglogs (Hoxundine, capecitabine, and cytarabine}; purine analogs, folate antagonisiz and
velated inhibitors, antiproliferative/antimitotic agents including natural products such as vincs
alkaloid (vinblastine, vineristine} and microtubude such as taxane {(pacitaxel, docetaxell,
vinhlastin, nocodazole, spothilones and navelbine, spidipodophyliotoxing {etoposide,
tenipogide); DNA danaging agents (actinomycin, amsacring, busulfan, carboplatin,
chilorambuetl, cisplatin, cyclophosphamide, Cytoxan, dactinomyein, daunorubicin,
doxorubicin, epirabicin, iphosphamide, melphalan, merchlorehtamine, mitomysin,
mitoxanirone, nilrosoures, procarbazine, taxol, taxotere, teniposide, stoposide,
iristhyvlensthiophosphoramide}; antibiotics such as dactinomycin {(actinomvein D),
daunorubicin, doxorobicin {adriamyein), idarubicin, anthracyolines, mitoxantrone,
Bleomveing, plicamyein (mithramyein) snd mitomyein; enzymes {L-asparaginase which
systemically metabolizes L-asparagine and deprives cells which do not have the capacity to
synthesize thetr own asparagine); antiplatelet agents; antiproliferative/ antimitotic alkylating
agents such as nifrogen mustards eyelophosphamide and analogs, melphalan, chlorambucily,
and Chexamethyimelamine and thiotepa}, alky! nitrosoureas (BONUY and analogs,
streptozocing, trazenes-dacarbazinine {DTIC); antiproliferative/antimifotic antimetabolites
such as folic acid analogs (methotrexate); platinom coordination complexes {clsplatin,
oxiloplatinim, carboplatin, procarbazine, hydroxyurea, mitotane, aminoglutethimide;
hormaones, hormone analogs (estrogen, tamoxifen, goserclin, bcalutamide, nilutamide) and
aronatase inhibitors {(etrozole, anastrozole); anticoagulants Cheparin, synthetic heparin salts

and other inhibitors of thrombin); fibrinelvtic agents (such as tissue plasminogen activator,
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streptokinase and urokinase), aspiria, dipyridamole, ticlopidine, clopidogrel; antirigratory
agents; antisecretory agents {brevelding invnunosuppressives facrolimus siroHmus
azathioprine, mycophenolate; compounds {TNP-470, genisiein) and growth factor inhibitors
{vascudar endothelial growth factor inhibitors, fibroblast growth factor inkibitors);
angiotensin receptor blocker, nitric oxide donors; anti-sense oligonucleotides; antibodies
{trastuzmumnab, rifuximab); cell cyele indubitors and differsntiation inducers {iretinoiny;
inhibitors, topoisomerase inhibitors {dozorubicin {adviamycin}, daunorubicin, dactinomyein,
gniposide, epirubicin, eloposide, warubicin, irinotecan and mitoxantrons, topotecan,
irinotecan, camptothesing, corticosternids {vortisone, dexamethasone, hydrocortisons,
methyipednisolone, pradnisone, and prenisolone}; growth factor signal transduction kinase
inhibitors; dysfimetion inducers, toxing such ag Cholera toxin, ricin, Pseudomonas exotoxin,
Bordetella pertussiz adenyiate ovelase toxin, or diphtherda toxin, and caspase activators; and

chromatin,

IB8139]  As used herein the term "chemotherapentic agent™ or "chemotherapeutic” {or
"chemotherapy,” in the case of treatment with a chemotherapeutic agent) is meant to
SROCINPEsS any non-profeinacecus (Lo, non-peptidic) chemical compound useful in the
treatment of cancer. Examples of chewotherapentic agents include alkylating agents such as
thiotepa and cyclophosphamide {CYTOXAN); alkyl sulfonates such as busudfan, improsulfan
and piposuifan; aziridines such as benzodops, carboguone, metwedopa, and uredopa;
emylerumines and memylamelaminss inchuding alfretamine, triemvienemelamine,
friethylenephosphoramide, tristhylenethiophosphoramide and trimenylolomelamine;
acefogening {especially bullatacin and bullatacinone); a campiothecin {including synthetic
analogue topotecany; bryostating callystating CC-1063 (nchuding s adozelesin, carzelesin
and bizelesin synthetic analogues); cryptophycins (articnlarly cryplophyein T and
cryptophivein 8); dolastating dueocarmyein {including the synthetic analogues, KW-218% and
CRETMI); oleutherobin; paneratistaling 8 sarcodictyin; spongistating nifrogen mustards such
as chlorambucil, chlomaphazine, cholophosphamide, estramustine, ifosfamide,
mechiorethamine, mechlorethamine oxide hydrochloride, melphalan, novembichin,
phenesierine, prednimustine, irofosfamide, oracil mustard; nitrosoursas such as carmustine,
chlorozotocin, oremustine, lomustine, nimustine, randmustine; antibiotics such as the
enedivne antibiotics {e.g., calicheamicin, sspecially calicheamicin garmenall and

calicheanmicin phill, see, e.g., Agnew, Chem. Inth Bd. Haogl, 33:183-186 {1994); dynemicin,

&6
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including dynemicin A; bisphosphonates, such as clodronate; an esperamicin; as well as
neocarzinostatin chromophore and related chromoprotein enediyne antibiotic
chromomophores}, aclacinomysins, actinomyein, authvamyein, azasering, bleomyeins,
cactinomyeis, carabicin, carminomyein, carzinophiling, chromomyeins, dactinomyein,
daumorubicin, detorubicin, 8-diazo-S-oxo-L-norleucine, doxorubicin (ncluding morpholing-
doxorubicin, evanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and deoxydoxorubicin),
epirubicin, esorubicin, idarubicin, marcetiomyein, mitomycins such as mitomyein C,
mycophenolic acid, nogalamyein, olivomycins, peplomyetn, potfiromyein, puromyein,
quelamycin, rodorubicin, streplonigrin, streptozocin, tubercidin, ubenimex, zinostatin,
zorubicing anti-metabolites such as methotrexate and S-fluoroaracil (§-FUY; folie acid
analogues such as demopterin, metholrexate, ptoropterin, trimetrexate; purine analogs such as
fhudarabine, S-mercaptopurine, thigmiprine, thioguaning; pyrimidine analogues such as
ancitabine, azacitidine, S-azaunidine, carmofir, oyvtarabing, dideoxyvuridine, doxifluriding,
enocitabine, floxuridine; androgens such as calusterone, dromostanolone propionate,
epitiostancl, mepitiostane, testolacione; anti-adrenals such as amisoghstethimide, mitotans,
irilostane; folic acid replinisher such as frolinic acid; aceglatone; aldophosphamide glveoside;
sminolevulinic acid; eniluracil; amsacring; hestrabuctl; hisantrene; edatraxate; defofamine;
dempecoloine; diasiquone; elformthine; elliptinium acetate; an epothilons; etoglueid; gallium
witrate; hydroxyuren; lentinan; leucovorin; lonidamine mavtansineids such as maytansine
and ansamitocing mitoguazone; mifoxantrone; mopidamol; pitracrine; pentosiating phenamer;
pirarubicin; losoxantrone; fuoropyrintidine; folinic acid; podophyilinic acid; 2-
ethylhydrazide; procarbazine; PSK{r); razoxane; rhizoxin; sizofiran; spivogermanium;
fenpazonic scid; triaziquone; 2,22 %ricUorolriemylamine; trichothecenes {especially T-2
foxin, verracurin &, roridin A and anguidine); urethane; vindesine; dacarbazing;
mannemustine, mitobrontiol: mitelaciol; pipobroman; gacytosing; arabinoside (MAra-C™;
gyvelophosphamide; thiopeta; taxoids, o.g., paclitaxel {TAXOL{) and docetaxel
{TAXOTERE(r),; chlorambuct]; gemeitabine {Gemzar(r}); G-iltoguaning:; mercaptopuring;
methotrexate; platimum analogs such as cisplatin and carboplating vinblastine; plotimum;
etoposide (VP-18Y; ifosfamide; mitroxantrone; vanoristine; vinorelbine (Navelbine{n})
novantrone; teniposide; edatrexate; daunomyein; aminoptering xeolods; thandronate; CPT-11;
iopoisomerase inhibitor RFS 2000; diffluoromethylornithine {DMFQO),; retineids such as

retingie acid; capecitabine; FOLFIRI (fluorouract, lencovorin, and winotecan) and

&7
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pharmaceutically acceptable salte, acids or derivatives of any of the above. One or more

chemotherapeutic agent are used or included in the present application.

00148]  Also ingluded in the definition of "chemotherapeutic agent” are anti-hormonal
agents that act to regulate or inhibit hormone action on tursors such as anti-estrogens and
selective estrogen receptor modulators (SERMs), including, for example, tamonifen
(inchuding Nolvadex ™), raloxifone, droloxifene, $-hydroxytamoxifen, trioxifene, keoxifone,
LY 117018, onapristone, and toremifene {Faveston{t)); inhititors of the enzyme aromatase,
which regolates estrogen production in the adrenal glands, such as, for example, 48
fmidazoles, aminoghitethimide, megestrol acetate (Megace{r}}, exemestane, formesiane,
fadrozole, vorozole (Rivisor(r)), letrozole (Femara(r}), and avastrozole (Arimidex{r).}; and
anti~-androgens such as flutamide, nihgtamide, bcalutamide, leuprohde, and poserslin; and

pharmacentically acceptable salts, acids or devivatives of any of the above,

(8141 The antt-angiogenic agents inclade, but are not limited to, retinoid acid and
derivatives thereof, 2-methoxvesiradiol, ANGIOSTATIN{), ENDOSTATING), suramin,
saualamine, tissus inhibitor of metalloproteinase-1, tissue inhibitor of metalioproternase-2,
plasminogen agtivator inhibitor-1, plasminogen activator inbibitor-2, cartilage-derived
inhihitor, paclitaxel (nab-paclitaxell, platelst factor 4, protamine sulphate {chupeine),
sulphated chitin derivatives {prepared from queen crab shells), sulphated polysaccharide
peptidogivean complex {(sp-pg), staurosporine, modulators of matrix metabolism, including
for example, proline analogs ({1 -azetidine-2-carboxyle acid {LACA), cishydroxyproling, d,1-
3 4-dehydroproline, thiaproline, alpha-dipyridyl, beta-aminopropilonitrile fumarate, 4-
propyl-S-{d-pyridinyl}-2(3hoxazolone; methoirexate, mitoxantroneg, heparin, interferong, 2
macroglobulin-tenan, chimp-3, chymostatin, beta-cyclodextrin tetradecasulfste, oponemyoin;
fimagiilin, gold sodinm thiomalate, d-penicillamine {TDPT), beta- Lanticoliagenase-sorum,
alpba-Z-gntiplasmin, bisanirene, lobenzarit disodivm, n-2-carboxyphenyi-4-chioroanthronitic
cid disodium or "CCAY, thalidomide; anglostatic steroid, cargboxynaminelmidazole;
metalloproteinase inhibitors such as BR94A. Other anti-angiogenesis agents include antibodies,
preferably monoclonal antibodies against these anglogente growth factors: beta-FGF, alpha-
FGF, FGF-5, VEGF tsoforme, VEGEC, HOF/SF and Ang-1/Ang-2. See Ferrara N, and
Alitale, K. "Clinical application of angiogenic growth faciors and their inhibitors” (1999

Nature Medicins 5:1359.1384,
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{80342 The anti-fibrotic agents include, but are not Himited to, the compounds such as
bela-aminoproprionitvile (BAPN}, a» well as the compounds disclosed in U8, Pat. No.

4,565 288 to Palfreyman, of al,, issued Oct. 23, 1990, entitled "Inhibitors of Tysyl oxidase,”
relating to inhibitors of fyeyl oxidase and thelr use in the treatment of disesses and conditions
associated with the abnormal deposition of collagen; U8, Pat. No. 4,997,854 to Kagan, ot al,,
issued Mar, §, 1991, entitled " Anti-fibrotic agents and methods for inhdbiting the activity of
fysyl oxidase in sthu using adjacently positioned dismine analogoe substrate,” relating to
compounds which inhibit LOX for the treatment of various pathological fibrotic states, which
are hersin incorporated by reference. Further exemplary inhtbitors ave described in US, Pat
No. 4,943,593 to Palfreyman, et al., issoed Jul 24, 1990, entitled “Inhibitors of lysyl
oxidase,” relating to compounds such as 2-isobuiyl-3~fluore-, chloro-, or bromo-allvlamine;
as well as, e.g., U8, Pat. No. §,021,456; U8, Pat. No. 5,5059,714; UL, Pat. No. 5,120,784,
LS. Pat No. 5,182,287, UK, Pat. No, 5252,608 {relating to 2-{1-naphthyloxymemvi}-3-
flucrcallylamine); and UK. Patent Apphication No, 2004/0248871, which are herein
weorporated by reference. Exemplary anti-Gbrotic agents also include the primary amines
reacting with the carbonyl group of the active site of the tysyl oxidases, and more particnlaly
those which produce, after binding with the carbonyl, a product stabilized by resonance, such
as the following primary amines: emylenemamine, hydrazine, phenvihydrazine, and their
dertvatives, semicarbazide, and vreg derivatives, aminonifriles, such ag beta-
aminoproptontivile (BAPN), or Z-nttroethylamine, vnsaturated or saturated haloamines, such
as 2-bromo-ethylamine, 2-chloroethylamine, 2-trifluorosthylamine, 3-bromopropylamine, p-
halobeneylamines, selenchomocysteine lactone. Also, the anti-fibrotic agents are copper
chelating agents, penetrating or not penetrating the cells, Exomplary compounds include
ndirect inhibitors such compounds blocking the aldehyde derivatives originating fom the
oxidative deamvination of the Iysyl and hydroxylyey! residoes by the lyeyl oxidases, sach as
the thiclamines, in parficular D-poniciliamine, or its analogues such ag 2-amino-S-mercapto-
Semethythexanoie acid, I-2-amino-3-methyh3-((2-acetamidocthyl dithioYoutanote acid, p-2-
aming-3-methyl-3-({2-aminoethyl)dithio)butancic actd, sodivm-4-{{p-1-dimethyi-2-amino-2-
carboxyethyhdithio}butane sulphurate, 2-acetamidoethyl-2-acetamidosthanethiol sulphanate,

sodiume-d-mercapiobuianesulphinate tribydrate.

{083143]  The mmunotherapeutic agents inclode and are not Iimited to therapeutic

antibodies suitable for treating patients; such as abagovomab, adecaturmumab, afutuzumab,
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alemiuzumab, altumomab, amatuximal, anatumomab, aroiiomomab, bavituximab,
bectumomab, bevacizumab, bivatuzomab, blinatumomab, brenfuximab, cantuzumalb,
catumaxomab, cetuximab, citatuzumab, cixuhumunab, clivatuzomab, conatummanab,
darattmumab, drozitumab, duligotomab, dusigitumab, detumomab, dacetuzumab,
dalotuzimab, ecromeximab, elotuzumab, ensituximab, ertumaxomab, stavacizumab,
farfetuzumab, folaturumab, Hgitomomab, aovotumab, futuximab, ganitumeb, gemiuromab,
girentuximab, glembatumumad, ibrittmomab, igovomab, Imgatuzumab, indatuximab,
noturumab, intetumumab, ipitimumab, iratumumab, labstuzomab, lexatomumab,
Hntuzomab, lorvotozumab, focatumumab, mapstumumab, matuzomab, milatusienab,
minvetimoemab, mittmomah, moxetumomab, narnatiumab, naphmomab, necitumumal, |
mimetusnnmab, nofetimnomabn, ocaratzumab, ofatumumab, olaratumab, onarfuzumab,
oportuzumab, oregovomab, panttomumab, parsatuzumaly, patvitemab, pemtumomab,
pertnzomab, pinfumoenmab, pritmumab, racotunomab, radretumal, rilotumumab, rituximab,
roebatumumal, sattunomah, sibrotuzumab, stltuximab, shmtuwrumab, solitomab, tacatuzumab,
taplitumomaby, fenatumomab, teprotomumab, tgatuzumab, tositunomab, frastuzomal,
tucotuzumab, ublituximab, veltuzumaly, vorseturwmeab, votummanab, zalutimignab, CC49 and
3FP8. The exemplified therapeutic antibodies may be further labeled or combined with a
radioisotope particle, such as indhem In 111, yirtom Y 90, fodine L1311, Obinutusumab is

also an example of an inununotherapeutio agent.

{08144 The application alse provides method for treating a subject who 1s undergoing one
ot more standard therapies, such as chemotherapy, radiotherapy, immunotherapy, surgery, or
combination thereof. Accordingly, one or more therapeutic sgent or inhibitors may be
administered before, during, or after administration of chemotherapy, radiotherapy,

immunotherapy, surgery or combination thereof,

[00148]  In cortain embodiments, the subject may be & buman who is (1) substantially
refractory {0 at least one chomotherapy treatment, or {1t} in relapse after treatment with
chemotherapy, or both (i} and (1), In some of ernbodiments, the subject is refractory o at
least two, at least three, or at least four chemotherapy ireatments (fochuding standard or

experimental chemotherapies).

[00146]  In certain embodiments, the subject is refractory 1o af least one, at least two, at

isast three, or at least four chemaotherapy treatment (ncluding standard or experimnental
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chemotherapy) selected from Hodarabine, rifuximab, obinuturunab, alkylating agents,
alemivzomab and other chemotherapy treatiments such as CHOP {eyclophosphamide,
doxorubicin, vincristing, prednisone); R-CHOP (rituximab-CHOPY, hyperCVAD
{hyperfractionated cvelophosphamide, vineristing, doxorabicin, dexamethasone,
methotrexate, cytarabine); R-hyperCVAD rituimab-hyperCVADY, FOM (fludarabine,
eyclophosphamide, mitoxantrone); R-FOM {ritoximab, fludsrabine, cyclophosphamide,
mitoxantrone); borteromib and riuximab; temsivolimus and rifoximab; temsirolimus and
Veloade™; lodine-131 tositumomab {Bexxar™) and CHOP;, OVP {evclophosphamide,
vincristine, prednisone); R-OCVP {ritwtimab-CVPY, ICE {(iphospharide, carboplatin,
gtoposide}; RAICE (ritmximab-ICHY;, FOCR (fludarabine, cyclophosphamide, rituximab); FR
{fudarabine, rtoximab); and DT, PACE (dexamethasone, thalidomide, cisplatin,

(s LR s e
Adriamyein’, cvelophosphamide, etoposide).

(08147 Oither examples of chemotherapy treatments (Including standard or experimental
chemotherapies) sre deseribed below. In addition, treatment of cortain lymphomas {8
reviewed in Cheson, B, Leonard, LP., “Monoclonal Antibody Therapy for B-Cell Non-
Hodglin’s Lymphoma™ The New England Jownal of Medicine 2008, 359(6), p. 613-628; and
Wierda, W.G., “Current and Investigational Therapies for Patients with CLL” Hemarology
2006, p. 285-294, Lymphoms incidence pattorns in the United States is profiled in Morton,
LM, ef ¢f “Lymphoma Incidence Patterns by WHO Subtype in the United States, 1992+
20017 Blood 2006, 107{1}, p. 2858276,

[B0148] Examples of immunotherapeutico agonds freating lvmphoma or leukemia inchuds,
but are not Himited to, rituximab (such as Rituxan)}, alemtuzumab {such as Campath,
MabCampath}, anti-CH10 aptibodies, anti-CD20 antibodies, anti-MN-14 antibodies, anti-
TRAIL, Anti-TRAIL R4 and DRS antibodies, anti-CD74 antibodies, apolizumab,
bevactzumab, CHIR-12.12, epratuzumab (hLLZ- anti-CI¥22 humanized antibody), galiximab,
ha20, thritumomab tuxetan, lomilixtmab, milatuzomab, ofatumumab, PROIZIG2 T, SGN-40,
WT-1 analog peptide vaccine, WTT 126-134 peptide vaccine, tositumomals,

antologous human fumor-derived HSPPCUE, and veltuzumab, Additional immunotherapy
agents includes using cancer vacoines based upon the genetic makeup of an individual

patient’s tumor, such as lymphoma vaceine example is GTOP-99 (MyVax™ ),
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{1491 Examples of chemotherapy agents for treating Iymphoma or leukemia include
aldeslenkin, alvocidib, antincoplasion AS2-1, antineoplaston A0, anti-thymeocyte globulin,
amifostine trihydrate, aminocamplothecin, arsenic trioxide, bela alethine, Bel-2 family
protein inhibitor ARTV263, BMS-345341, bortezomib {Vaisade@}ﬁ bryostatin 1, busulfan,
carboplatin, campath-1H, CC-5103, carmustine, caspofungin acetate, clofarabing, cisplatin,
Cladribine {Leustarin}, Chiorambueil {Leukeran}, Curcumin, oyvelosporine,
Cyclophosphamide (Cyloxan, Endoxan, Endoxana, Cyclostin), oytarabine, denileukin
diftitox, dexamethasons, 0T PACE, docetaxel, dolastatin 18, Doxorubicin {Ashiamyciiﬁ
Adriblasting), doxorobicin hydrochloride, snzastaurin, epoetin alfy, ctoposide, Everolimus
{RADOO Y, fonretinide, filgrastin, melphalan, mesna, Flavopinidol, Fludarabine (Fludara),
Geldanamyein {(17-AAG), fosfamide, irinotecan hydrochloride, ixabepilone, Lenalidomide
{Revliimid®, ©C-5013), fvmphokine-activated killer cells, melphalan, methotrexate,
mitoxantrone hydrochioride, motexafin gadoliniom, mycophenolate mofeti], nelarabine,
oblimersen {Genasense) Obatoclax (GX15-070), oblimersen, octreotide acetale, omega-3
fatty acids, oxaliplatin, paclitaxel, PDN33I901, PEGylated Hposomal doxorubicin
hydrochloride, pegfilgrastim, Pentstatin (Nipent), perifosineg, Preduisolone, Frednisone, R-
roscoviting (Selicilib, CYC202), recombinant interferon alfa, recombinant inderlonkin-12,
recombinant interleukin-11, recombinant {13 Hgand, recombinant human thrombopoistin,
rituximab, sargramostim, sildenafi] citrate, simvastatin, sivolimug, Styryl sulphones,
tacrolimag, tanespimoyein, Temsirolumus {CCR779), Thalidomde, therapeutic allogensic
lvmphoeytes, thiotepa, Hpifamib, Velcade® (bortezomib or F8-341), Vincristine (Onoovin),
vingristine sulfate, vinorclbine ditartrale, Vortnostat (SAHA), vortnosiat, and FR
{fludarabine, riboximab), CHOP {cyclophosphamide, doxorubicin, vincoristine, prednisons),
CVP {eyclophosphamide, vineristine and prednisone), FOM {fludarabine, cyclophosphamide,
mitoxantrone), FCR {Budarabine, ovelophosphamide, rifuximab), hyperCVAD
{hyperfractionated eyclophosphamide, vineristine, doxorubicin, dexamethasone,
methotrexate, cytarabine), ICE {iphosphamide, carboplatin and etoposide), MCP
{mitoxantrone, chlorambucil, and predmisolone), R-CHOP Gdtuximsb plus CHOPY, R-CVP
{rituximmab plus CVP), R-FOM {ritugimab phlus FCM), R-ICE ritaximab-ICE), and

R-MCP {(R-MCP). An additional example includes ART-18%.

{00188]  The therapoutic treatments can be supplemented or comnbined with any of the

abovementioned therapies with stem cell transplantation or treatment. Ooe example of
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modified approach is radioimmunotherapy, wherein a monocional antibody is combined with
a radioisoiope particle, such as indium In 111, vitdom Y 80, jodine 1131, Examples of

N R . . ) . ‘ - ge -~ . . @
combination therapies include, but are not limited to, Todine-131 tosttumomab (Bexxar™),

Yiirtum-90 ibritumomab Huxetan (Zevalin®), Bexxar® with CHOP,

{B8151]  Other therapeutic procedures include peripheral blood stem cell transplantation,
awtologous hematopotetic stem cell transplantation, sutologous bone marow transplantation,
antibedy therapy, binlogical therapy, snzyme inhibitor therapy, total body frradiation,
infusion of stem cells, bone marrow ablation with stem cell support, i visro-treated
peripheral blood stem cell transplantation, vmbilical cord blood transplantation,
mmmunoenzyme technigue, pharmacological study, low-LET cobali-60 gamwma ray therapy,
blecsnyein, conventional surgery, radiation therapy, and nonmyeloablative allogenaic

hematopotetic stem cell fransplantation.
Kiis

{0152]  Provided herein are also kits that include g compound of the present appHeation or
a pharmaceutically acceptable salt, stercoisomer, prodrug, or sobvate thereof, and suitable
packaging, Provided herein are also kits that include & compound of formula (0), (5, -1},
(F-Tay, (-ihy, (A1) GACZY dB-1), (8-3), (183, or (1B-4), or & pharmacsutically
acceptable salt, stereoizomer, prodrug, or solvate thereof, and suitable packaging, In one
ewrbodiment, 8 kit further includes instructions for use. In one aspeet, a kit includes a
compound of formula -1 (-1ay, G-10), ACD, A2, (IB-1), (I8.2), (B-3), or (IB-4), ar
a pharmaceutically acceptable salf, stersoisomer, prodrag, or selvate thersof, and a label
andfor instructions for use of the compounds in the treatment of the indications, including the
diseases or conditions, desortbed herein, In one aspect, a kit includes a compound selected
from Compound 1 to 116, or a phanmaceutically acceptable salt, sterecisomer, prodiug, or
solvate thereof, and 8 label andVor nstructions for use of the compounds in the tweatment of

the indications, inchuding the diseases or conditions, described herein,

{08183 Provided hevein are also articles of manufacture that include 2 compound
deseribed herein or pharmaceutically acceptable salts, isomer, or a mixiure thereofin a
suitable container. The container may be 8 vial, jar, ampoule, preloaded syringe, and

intravenous bag.

73



WO 2015/200352 PCT/US2015/037234

Pharmaceutical Compositions and Modes of Administration

{88184]  Compounds provided herein ave usually administered in the form of
phannacentical compositions. Thus, provides herein are also pharmacentical compositions
that contain one or more of the compounds described herein or pharmaceutically acceptable
salts, isomer, or & mixture thereof and one or more pharmacentically acceptable vehicles
selected from carriers, adjuvants and excipients. Suitable pharmaceutically acceptable
vehiclas may include, for example, inert solid diluents and Hllers, diluents, including stestle
aqueous solution and various organic solvents, permeation enhancers, solubilizers and
adinvants. Such compositions are prepared In & manner well known in the pharmaceutical art.
Seg, e.g., Remington’s Pharmaceutical Sciences, Mace Publishing Co., Philadelphia, Pa. 17th
Bd, (1985); and Modemn Pharmaceutics, Marcel Dekder, Inc. 3vd Bd {G.8. Banker & CT.
Rhodes, Hds.),

{8015851  The pharmaceutical compositions may be administered in sither single or multiple
doses. The pharnaceutical composition may be adntinistered by various methods including,
for example, rectal, buccal, intranasal and transdermal rouwtes. In certain embodiments, the
pharmaceutical composition may be administersd by intra-arierial injection, intravencusly,
intraperitoneally, parenterally, intrammusenlarly, subeutaneousty, orally, topleally, or as an

inhalant,

[88186] One mode for administration i parenteral, for example, by injection. The forms in
which the pharmaceutical compositions desoribed herein may be incorporated for
administration by injection inchude, for example, agueous or ol suspensions, or emulsions,
with sesame o, corn o, cottonsead oil, or peanut ofl, a8 well ag elixdrs, mannitol, dextrose,

or a sterile aguesus solution, and similar pharmaceutical vehicles,

00187]  Oval administration may be another route for administration of the compounds
described herein. Administration may be via, for sxample, capsule or enteric coated tablets,
In making the pharmaceutical compositions that include at least one compound deseribed
herein or pharmaceutically acceptable salts, isomer, or 8 mixture therent, the active ingredient
1s usnally diluted by an excipient andfor enclosed within such a carrier that can be in the form
of & capsule, sachet, paper or other container. When the excipient serves as a diluent, it can be

in the form of g solid, semi-solid, or Bguid material, which acts as 8 vehicle, carvier or
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medinm for the active ingredient. Thus, the compositions can be in the form of tablets, pills,
powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, solulions, syrops,
aercsols (as a solid or in 2 Bguid medinm), ointments containing, for example, up to 108 by
weight of the active compound, soft and hard gelatin capsules, sterile injectable solutions, and

sterile packaged powders.

[G8158]  Some examples of suitable excipients include lactose, dextrose, sucrose, sorbitol,
mannitol, starches, gum acacia, caleium phosphate, alginates, fragacanth, gelatin, caloium
silicate, microcrystaliine cellulose, polyvinylpyrrolidone, cellnlose, stertle water, syrup, and
methyl cellnlose. The formulations can addivionally inchude Jubricating agents soch as tale,
magnesium stearate, and mineral oif; wetting agents; emulsifying and suspending agents;
preserving agents such as wethyl and propvihydroxy-benzoates: swestening agents; and

flavoring agents,

{00188 The compositions that include at least one compound desoribed herein or
pharmacewtically acceptable salts, isomer, or 3 mixture thereof can be formulated so a8 to
provide guick, sestained or delayed release of the active ingredient after admindstration to the
subject by employing procedures known in the art. Controlled release drug delivery systems
for oral adminisiration include osmotic pump systems and dissolmtional systoms containing
polymer-coated reservoirs or drug-polymer matrix formuolations. Examples of controlled
reloase systems are given in ULS, Patent Nos, 3,848,770; 4,326,525, 4,902,514; and
5,616,345, Another formulation for use in the methods of the prosent invention employs
transdermal delivery devices (“patches™). Such transdermal patches may be used 1o provide
confinuous or discontinuous infusion of the compounds described herein in controlled
amounts, The construction and use of transdermal patches for the delivery of pharmaceutical
agents is well known inthe art. See, eg, UK, Patent Nos. 5,023,252, 4,992 445 and
5,001,139, Such patches may be constructed for continuous, pulsatile, or on demand delivery

of pharmaceutical agents,

{88168}  For preparing solid compositions such as fablets, the principal active ingredient
may be mixed with a pharmacentical exciptent to form a solid preformulation composition
containing a homogeneous mixture of a compound desoribed herein or pharmaceutically
acoeptable salts, isomer, or a mixture thereof. When referring to these preformulation

corppositions as homogeneous, the active ingredient may be dispersed evenly throughout the
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composition so that the composition may be readily subdivided into egually effective unit

Jdosage forms such as tablets, pills and capsules,

{B8161]  The tablets or pills of the compounds descoribed heroin may be coated or otherwise
compouded fo provide g dosage form affording the advantage of prolonged action, or to
protect from the acid conditions of the stomach. For exaruple, the tablet or pill can include an
inner dosage and an outer dosage component, the latter being in the form of an covelope over
the former. The two componenis can be separated by an enteric layer that serves to resist
disintegration in the stomach and permit the inner component 10 pass intact into the
ducdenum or 0 be delayed in release. A variety of roaterials can be used for such enterie
fayvers or coatings, such materiale including a number of polymeric acids and mixtures of

polymeric acids with such materials as shellag, cetyl alcobel, and cellulose acetate.

{98182]  Compositions for inhalation or insufflation may include solutions and suspensions
in pharmaceutically acceptable, agueous or organic selvents, or mixtures thereof, and
powders. The lquwid or solid compositions may contain suitable pharmaceutically acceptable
gxoipients as described supra. In some embodiments, the compositions are administered by
the oral or nassl respivatory route for local or systemic effect. In other embodiments,
compositions in pharmaceutically acceptable solvents may be nobulized by use of inert gases.
Nebulized soluttons may be inhaled directly from the nebuliving device or the nebulizing
device may be attached to a facomask tent, or infermittent positive pressure breathing
machine, Solution, suspension, or powdsr compositions may be adiministersd, preferably

orally or nasally, from devices that deliver the formulation in an appropriate manner,

Dasing

[M3183]  The specific dose level of a compound of the present application for any particular
subject will depend upon a variety of factors including the activity of the specific compound
emiploved, the age, body weight, general health, sex, diet, time of administration, route of
adnrinistration, and rate of excretion, drug combination and the severity of the particular
disease in the subject undergoing therapy. For @};z@mph a dosage may be exprossed as a
nomber of milligrams of & compound deseribed herein per kilogram of the subiect’s body
weight (mg/kg). Dosages of between about 1.1 and 150 mg/kg may be appropriate. In some

embodintents, about .1 and 100 mg/kg may be appropriate. In other embodiments a dosage
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¥

of between (.5 and 60 mp/kg may be appropriate.  Normalizing according to the subject’s
body weight is particulardy usefil when adjusting dosages between subjects of widely
disparate size, such as ocours when using the drug in both children and adult nnans or when
converting an effective dosage in 8 non-hnan subject such as dog to a dosage suitable for a

human subject.

[B8164]  The daily dosage may also be deseribed as 8 total amount of 8 compound
described herein administered per dose or per day, Dhaily dosage of a commpound of formula
{1y, (Jea), (010, (AL, (AL, (181}, (IB-2), (183}, or (1B-4}) may be between shout 1
mg and 4,000 mg, between about 2,000 to 4,000 mp/day, between about 1 1o 2,000 mg/day,
between about 1 to LU00 my/day, between about 10 to 300 mg/day, between about 20 to 500
myg/day, between about 50 o 300 mg/day, between about 75 to 200 my/day, or between about
15 1o 130 mg/day. Daily dosage of 3 compound of the present application {e.g. compounds
of formuda (), (B, JA-T), (1A-2), (IB-1), (18-2}, (1B-3}, or (IB~4)} also falls within the ranges
deseribed above, Daily dosage of 8 compound selected from Compounds 1 to 116 also falls

within the ranges described above.

{08168]  When administered orslly, the total daily dosage for a2 human subject may be
between | mg and 1,000 mg, between about 18-300 myp/day, between shout 5¢-300 mg/day,

between abount 75-200 mg/day, or between abowt 1006-150 myg/day.

[MHes]  The compounds of the present application or the compositions thereof may be
administered once, twice, three, or four thnes daily, using any suitable mode desoribed above,
Also, admimistration or treatment with the compounds may be continued for a number of
days; for example, comunonly treatment would continue for at least 7 days, 14 days, or 28
days, for one cyele of trestment. Trealment eoycles are well known in cancer chemotherapy,
and are freguently alfernated with resting periods of about 1 to 28 days, commonly about 7
days or about 14 days, between cycles. The reatnient eveles, in other embodiments, may

alao be continuous.

B816T]  In a particnlar embodiment, the method comprises administering fo the subject an
fndtial daily dose of about 1 to 300 mg of a compound desoribed herein and increasing the

dose by increments until olimeal efficacy 18 achioved. Incroments of about §, 10, 25, 80, or
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100 myg can be nsed {0 increase the dose, The dosage can be increased dadly, every other day,

twice pet week, O once per week,

Synthesis of the Compounds

{BDI68]  The compounds may be prepared using the methods disclosed herein and routine
modifications thereof, which will be apparent given the disclosure hereln and methods well
known in the art. Conventional and well-known synthetic methods may be used in addition
1o the teachings berein. The synthesis of typical compounds described herein may be
gecomplished as desoribed in the fbllowing examples. ¥ available, reagenis may be

murchased commercially, e g, from Sigma Aldrich or other chemical suppliers.
General Synthesis

8169 Typical smbodiments of compounds desoribed herein may be synthesized using
the general reaction schemes deseribed below, I will be apparent given the desceription
herein that the general schomes may be aliered by substitution of the starting materials with
other materials having similar structures to resull in products that are correspondingly
different. Descriptions of syntheses follow o provide nomerous examples of how the starting
materials may vary to provide corresponding products. Given a desired product for which the
substituent groups are defined, the necessary starling materials gonerally may be determined
by inspection. Starting materials ave typically obtained from commercial sources or
synthesized using published methods. For synthesizing compounds which are embodiments
described in the present disclosure, inspection of the structure of the compound to be
synthesized will provide the identity of cach substituent group. The identity of the final
product will generally render apparent the identity of the necessary starting materials by a
simple process of ingpection, given the examples herein, In general, componnds deseribed

herein are typically stable and isolatable at room {eraperature and pressurs.
Symrhetic Reaction Parameters

[BO1I7H]  The terms “solvent”, “inert organic solvent”, or “inert solvent” refer to a solvent
et under the conditions of the veaction being desceribed in conjunction therewith {including,
for example, benzene, toluene, acetonitrile, letrabydrofuran ("THE™), dimethyHormamide

{“DMEF™, chloroform, methylene chioride {or dichloromethane), diethy! ether, methanol, and
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the ke). Unless specified to the contrary, the solvents used in the reactions of the present
fvention are inert ovganic solvents, aud the reactions are carvied out under an inert gas,

preferably nitrogen.

IB0171] The term “g.8.” means adding a guantity sufftclent o achieve a stated Rmetion,

e.g., io bring a solution 1o the desived volume {fe, 10{846).

{01721 Afler synthesis, the compounds may be isolated in the form of a free base or a
trifluoroacetic acid salt and further characterized by NMR. The resulting compounds and

their NMR characterizations may represent either the free base or salt form. The ratio of

parent compound and corresponding salt is not determined.
Compounds of Formula §

{883¥73]  One method of preparing compounds of formaula {8} is shown in Reaction Scheme
L

~~}
NS
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{81741 Step 1—Proparation of a compound of formula (1)

{G8I78] The compound of formmula (1) can be made by combining compounds (A}, (B) and
{C) in the presence of a dehydrating agent. Compounds (A}, (8) and {0} are commercially
available or can be made by methods kuown in the art. With respect to compound {A), R’ is
as defined hersin, With respect to compound (B), R and R” are as defined herein, With
respect fo compound (), R? i3 as defined herein, Compound {A) can be mixed with
Compound {8} in the presence of a coupling agent such as dipheny! phosphite in a solvent
such as pyridine. After stirring af a temperature between ambient and 100°C for between 1
and 3 bours, compound {C} is added. After further stirring at & temperatuve hetween ambient
and 100°C for between 3 and 24 hours, the reaction mixture & allowed to cool o room

temperatire. 1o extract the compound of formula (1), an organic solvent such as ethyl
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acetate {E1OAC) may be added, followed by washing with, mild acid, water, and brine. The
organic phase can be concentrated fo obtain the compound of formula (1), Additional
compounds may be prepared by alkylation of compounds of formula {1} in which R is OHL
For example a compound of formuda (1}, R'=0H, is mixed with a reagent containing &
feaving group, such as a halide or mesylate, o the presence of a base, soch as CsCOy or
Ko, in a solvent such as DME or DMSQ. After stlrving at o femperature between ambient
angd 110°C for between § and 24 hours, the reaction mixture is allowed to cool to room
temperature and worked up under standard conditions.  Additions! compommds may be
prepared by conpling reactions with compounds of forrmuda {13 in which R' is halo, such as
iode, bromo, or chioro. For example a compound of formula (1), R'=Br, may be mixed with a
double bond containing compound, such as acrylamide, allyvl aleohol, alivievelohexane, or
acrolein, in the presence of & hase, such as Hunig's base, Os;008 or KC0:, and metal
catalyst such as chiovo{2~dicyclohexylphosphino-2' 4,6 “ritsopropyl-1, 1 “bipheayl{2-{2'-
amino~1,1 biphenyl}jpatiadiom(il} in a solvent such as DMF. After stivving at & temperature
between ambient and 1T0°C for between 5 and 24 hours, the reaction mixturs is sllowed to
ool to room temperature and worked up under standard conditions. IR contains a double
bond, it can be reduced woder standard conditions such as hvdrogenation in the presence of a
catalyst, such as PA/C or Ptin a solvent such as BtOAc, BtOH, or MeQOH under ambient or
clovated prossure. TR’ contains an aldehyde, it can be converted to an amine under standard
conditions such as reaction with a privary or secondary amine in the presence of sodium
cyanochorohydride or sodium triscetoxyborohydride, in a solvent such as DUM, BtOAc,
EtOH, or MeOH under ambient or elevated temperature. Compounds where R is SOR may
be prepared by reaction of @ compound {1} where R’ s halo, such as Br, with sodium alkyl or
aryi sulfinate in the presence of a base, such as Cs U0z or KU, and 2 catalvst such as Cul,
i 2 sobvent such as DMEO, and heated af 8 tomperature between ambient and 1209,
Further, compounds where R’ is S0,R may be prepared by first reacting & compound (1)
where R is halo, such as Br, with a thiol in the prasence of a base such as Hunig’s bage, &
catalyst such as Pd{dba},, a ligand such as Xantphog , and (Sk-proline in a solvent such as
dioxane, and heated at a teroperature between ambient and 140°C. The resulting thiol can be
oxidized by treatment with an oxidizing agent, such ag oxone in an agueous solvent such as a
nuxture of THY and water, Additionally for compounds that have a latent amine which is

desired to be acylated, the amine may be reacted with an scid in the presence of base, such as
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Hunig’s base or triethylamine and 8 coupling agent such as HATU or HOBT to give the
amide. The compounnd of formula (1) may be purified by any suitable methods knows in the
art, such as chromatography on silics gel. Allernatively, the compound of formula (1) may

be need in the next step without purification.
[B01T8l Step 2--Preparation of & compound of formula 3

{08177 The compound of formula (2} can be made by removing the protecting group{s)
from the componnd of formuls (1) The compound of fornmula (1) is dissolved in 2 suitable
solvent and freated with a suitable acid. Suitsble solvents may include, for example,
dichloromethane ~dioxane, or other suitable solvents, Suitable acids may include, for
sxample, trifluoroacetic acid, hydrochloric actd, or boron iribromide (BBr) The reaction
can be carried out st temperatures between -78°C to ambient tempersture. On reaction
completion, solvent 1s removed to obtain the compound of formula (2). Inthe case of a
reaction using BBy the reaction may first be treated with MeOH before an aquesus work-up

10 obtain a compound of formula (7).
{178 Step 3—Preparation of & compound of formula (3}

BBIT8 The compound of formula (3) can be made by treating S-substituied-2 4,6
rihalopyrintidine with ammonium hydroxide in a suitable solvent such as dioxane, where the
halo is either chloro or Huoro. The reaction is carried out at an elevated temperature between
38 and 80 °C for a suitable time, typically between 2 and 8 hours or when the reaction is
complete. Upon completion, water is added o the cooled solution, and the precipitate is
collected by filtration. The nitrile can be converted to the carboxamide under standard

conditions.
{B0180]  Step 4—Preparation of a compound of formula O

IB0I8Y]  The compound of formula (1) can generally be prepared by coupling compound of
formula {2} and compound of formula (3} in the presence of a suitable base in a suitable
solvent, An exzople of a suitable base is dilsopropylethylamine. An sxample of a suitable
solvent is Nemethylpyrrelidone (NMP), DMF, TIMSC, tsopropanel, or ethanol, The reaction
is typically performed at a temperature between 30°C to 150°C for about 30 mimutes to 120

hours, Alternatively the reaction can be performed in a microwave at a temperature between
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100 to 150°C for ghout 30 minutes to 24 hours, Water can be added o quench the reaction
upon completion, and the precipiiate may be filtered and then dissolved in an organic solvent
such as dichloromethane (M), The prodoct can be izolated by msthods knowsn in the art,
for example by removal of solvent under reduced pressure. The product can be purified using
any suitable methods known in the art, for example, chromatography of the residue on a silics

colunn,

{B0182] I should be understood that the compounds of formula (1) can be prepared
according fo the methods provided in Reaction Schome 1| starting fom materials known to

one of skill in the art
[B0183]  Example 1a. Preparation of a Compound of Formula (1)

081841 AL Preparation of & Compound of Formuda {1 nwhichnis | R} is fluore, mis

N 7 < N » v 3 ’
1, R is fluore, R is hydrogen, and B is oyclopropy!

{60188 Dipheny! phosphite (1.6 mi, ¥ munol) was added 0 a solution of Z-aming-6-
fluorobenzoice acid (380 mg, 2 mmol) and (§r2-(tert-butoxyearbonylaming -2+
oyclopropylacetic acid (680 mg, 3 mmol} tn pyridine 2 mL). The reaction mixture was
stirved at 40°C for 1 hour. 3-Fluorcantline (33¢ mg, 3 mmol} was then added to the reaction
mixhare, which was then stivred at 30°C for 18 hours. The reaction mixture was cooled to
room temperature. This mixture was purified by columm chromatography on S1Gh eluting
with BiOAc in hexanes (0-75%) to afford {(8)-terb-butyl {ovclopropyl($-thwore-3-(3~

fluorophenyl4-ono-3, 4-dhydroguinazotin-2-yhimethycarbamate.

{B0186] B Following the procedure deseribed in Example 1A and Reaction Scheme {
ginep {

below compounds of foromuda {1} were prepared:

{Sitert-butvl {{3-chlore-4-oxo-3-phenyl-3 4-dthydroguinazolin-2-

viphenyhimethyDoarbamate;
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{Sptert-butyl {{S-ovano-3-3-{dilfluoromethyli-S-fluorophenyl ldeoro-3 4~
dibvdroquinazein-2-vhi{evclopropyhimethyl joarbamats;

{Sitert-buty! {eyelopropyl(3-(3-Huorophenyl}-S-(methvisulfonyi-d-oxe-3,4-
dihvdroguinazolin-2-yhimethyDearbamate;

{S)-tert-buty! {ovelopropyi(3-(2,6-difluorophenyl}-S-{methylsulfony-d-ox0-3 4~
dihydroguinazelin-2-yUmethyDoarbamate;

{Sytert-butyl {cyclopropyi(3-(2-fluoropheny}-5-{methylsnlfonyh-4-0x0-3,4-
dihydroguinazelin-2-yhmethyljcarbamats;

{Stert-butyl {evclopropyi{6-fuore-3-(3-flucrophenyl }-8-todo-4-ox0-3,4-
dibvdroquinazolin-2-ylimethyllcarbamate;

{S)-teri-butyl {cyelopropyl{s-flnore-3-phenyl-B-dodo-4-one-3 d-dilvwdroquinazolin-2-
vimethyhcarbamate;

{S)-tert-butyl {1 -(Sechlore-3-(3,5-difluorophenyli-d-oxo-3 d-dihydroquinazolin-2-yi)-
3-{dimethylamino - 3-oxopropyi jearbamate;

{Si-tert-butyl {-(S-chloro-d-oxo-3-phenyl-3 4-dihydroquinazelin-2-v1}-3-
{dimethylaming}3-oxopropyhearbamate;

{Sitert-butyl {((3-(3-cyane-3-fuorophenyl)-S-methyb-d-oxo-3 d-dihydroquinasolin-2-
yvi¥evelopropyl puethyhcarbamate;

{Sytert-botyl {oyelopropyi(3-3,5-difloorophenyl }-S-methyl-d-oxo-3,4-
dihydroguinazolin-2-yhmethyhcarbamate;

{Sy-tert-butyl {S-chdore-3-3 S-difluorophenyi p4-ox 0.3, 4-dibvdroguinazolin-2-
viXcvclopropyDimethyl joarhamate;

{Stert-butyl {((5-fuore-3-(3, 5~-diftuorophenyl p4-oxo-3,4-dihydroguinazotn-2-
yEeyvclopropylimethyDecarbamate;

{Si-tert-butyl {eyclopropyl(6-fluoro-3-{3-fucrophenyl }-d-0x0-3 4-dihydroquinazolin.

2-ylimethylcarbamate;

{25, 48 tert-butyl 2-{S-chloro-3-(3,5-difluorophenyly-d-ox0-3 4-dibydrogninazolin2-

vik4-methoxypyrrolidine-T-carboxylate;

v 4]
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{Si-tert-butyl 2-{ S-chloro-3-(3, 5-difluorophenyli-d-oxo-3 4-dihvdroguinazotin-2-
vl hazetidine- L-carboxylate;

{Sptert-butyl 2-(S-chioro-4-oxo-3-phenyi-3 d-dilrydroquinazolin-2 - vhazetidine-1-
carboxylate;

{(Sitert-butyl 2-{5-bromo-4-axo-3-phenyl-3 d-dibydroguinazolin-2-yhipyrrolidine- 1 -
carboxylate;

{Si-tert-butyl 2-(§-chlore-3-(3, S-diffuorophenyi}-4-axo-3 4-dihydroquinarolin-2-
vhipyrrolidine-l-carboyylate;

{S)i-tort-butyl 2-{ S-chiore-3-3, S-diftuorophenyl-8~methyb-4-ox0-3,4-
dihydrogquinazolin-2-yhpyrrohidine-1-carboxylate;

{Shtert-butyl 2-B-chlore-3-(3 S-difluorophenyiid-oxo-3, &-dibvdroguinazolin-2-
yvhpyrrehidine-1-carboxyviate;

{Sptert-butyl 2-3-03,5-difluorophenyl}-R-methyl-4d-oxo-3 4-dihvdroguinazolin.2-
yhpyreohidine-1-carboxylate;

{Sptert-butyl 2-3-(3,5-diflworophenyl}-3-fuoro-d-oxe-3 Sdihydroguinazolin-2-
yhpyrrolidine-1-carboxylate;

{S}-tert-butyt 2-(5-chlore-3-{ 3-cyanc-S-fuorophenyl-4-oxe-3 d-dihvdroguinazolin.2-
vl pyrrolidine- I~carboxylate;

{S)-tert-butyl 2-(5, &-dichlore-4-0x0-3-3-sulfamoyiphenyl}-3 4-dihydroquinazolin-2-

vipyrrolidine--carhoxylate;

{(Sy-tert-butyl 2-G3-G-(diffuoromethyliphenyl - 8-iodo-d-oxo-3 d-dibydroguinazolin-2-
yhpyrrolidine-1-carboxyiate;

{Sitert-butyl 2-Reiodo-d-oxo-3-phonyl-3 4-dihydroquinazolin-2-ypyroliding-1 -
carhoxylate;

{28, 4R tert-butyl 2-{5-chlors-3-(3,8-diffuorophenyl pd-oxe-3 d-diydroquinazolin-2-
yird-fluoropyrrolidine- 1-carboxylate;

{25 4R tert-butyl 2-{5-chloro-d-oxo-3-phenyl-3 d-dibydroguinazolin 2yl 4.

methyvipyrrolidine-1-carboxylate;

&5
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{Sytert-butyl (1-{S-chlore-3-3 S-difluorophenyl}-4-oxo-3 4-dihvdroguinazolin-2-

vijethyljcarbamate;
{(8)-tert-botyl (1 S-chioro-d-oxo-3-phenyl-3 4-dihvdroguinazolin-2-
yhethyl carbamate;

{R)tert-butyl 3-{3-chloro-d-oxo-3-phenvyi-3,4-dikvdrogquinazolin-2-vhmorpholing-4-

carboxyvlate;

{Sktert-butyt {1-(3-3,5-dittnorophenyl }-S~fuoro-d-oxo-3 4-dihydroguinazolin.2-

viethvhoarbamate;

{28, 4R tert-butyl 4-amino-2-{S-chloro-d-oxo-3-phenyl-3 4-dihvdroquinarolin-2-

viipyrrolidine-T-carboxylate;

{28 4R tert-butyl 4-amine-2-{3-chioro-3-(3,S-diffuovophenyli-deoxo-3 4~

dihydroquinazolin-2-yUpyreolidine- f-carboxylate;

{28, 4R -tert-butyl 4amino-2-03-(3,5~-diffuorophenyl}-S-fluoro-d-oxo-3 4-

dibydroguinazolin-2-vipyrrolidine- 1 -carboxylate;

{28 AR tert-butyl 4-amine-2-(3-3-{difluoromethyl}-S~uorophenylkS-fuoro-d-oxo-

3 d-dihydroguinazolin-2-yDpyrrelidine- 1 -carboxylate;

(28,4R ptert-butyl 4-amino-2-{5-chiore-3-{ 3-{di fluoromethyi}-5-Huorophenyi}-4-ox0-

3 A-dihydroguinasolin-2-vpyrrolidine- T ~carboxylate; and

{28 4R btert-butyl deamine-2-( S-chlore-3-3-{diflnoromethy}-S-flucrophenyl-d-ox0-

3 d-dibhydroguinazelin-2-yDpyrrolidine-1~carboxvlate.

{00187]  Example 1h. Preparation of Compound of Formuda (1h)

IN0I88] A Freparation of & Compound of Formula (1) i whichnis |, RV s cyano, mis &,

®* is hydrogen, and R is oyclopropyl

8§
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001881 (S)itert-butyl (1-{chioro-bromo~d-oxe-3-phenyl-3 4-dibydroquinazolin-2-
vi¥oyclopropyDmethyhcarbamate (230 mg, 5 mmol}, zino cyanide {70 mg, 0.6 mmol}, and
tetrakis{triphenylphosphine)Pd(0} (63 myg, 0.0% nunel} were combingd in NMP (2 wl). The
mixhure was degassed under Ar and heated to 80°C for 72 h. The reaction was poured into
EtOAe, washed with aqueous NaHCO: (2x) and brine. The solvent was removed in vacue
and the residue was purified by chrorostography to give (Sitert-butyl {((G-cyano-deoxo-3-

phenyl-3 d-dibydroguinasolin-2-vi}evelopropyl methyllcarhamate, BS/MS 4171 (M+H"L

681881 B, Pollowing the procedure desoribed in Example 1h and Reaction Scheme 1,

below compound of formula {1} were prepared:

08191 (Sidtert-butyl {G-ovans-8-fuoro-d-oxoe-3-phenyl-3 d-dibydroguinazolin-2-

viXevelopropylimethyDearbamate.
{B83921  Example lo. Preparation of Compound of Formula (1)

801931 AL Preparation of a Compound of Formula (1 inwhichnis |, R is 2-{morpholin-
4 i3

. - 2. v P 5
4-yhethoxy, m is ¢, R” is hydrogen, and R is methyl

A A s
NN N'_"}k:.ff
HN. O -
N
i

To a suspension of (S-tert-butyl (1-G-hydroxy-4-oxo-3-phenyl-3 4-dthydroguinazelin-2-

vhethylicarbamate (75 mg, 8,197 mmol} and cesium carbonate (256 mg, .786 mmel} in
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PIMF (.75 mL) was added 4-(2-chloroethylimorpholineg hydrochioride (52 mg, 0.279 mmoi).
The reaction was heated to S0°C and stirred for 18 hours, then poured inte BtDAC and
washed with H,0 (3x). The orpanic phase was dried over NapSCy, fltered, and concentrated
o give {S}-tert-butyl (1-{5-{C-morpholinosthoxyl-4-oxe-3-phenyh-3 4-ditydroquinazolin-2-

yhethyl jearbamate, which was taken on without further purification.

[B86184] B, Pollowing the procedure desoribed in Example Yo and Reaction Scheme |,

below compound of formula (1) wore prepared:
{Sptert-butyl {1-{(3-CZ-morpholinoethoxy)-4-oxo-3-phenvi-3 4-dihydroquinazolin-2-
vhethylcarbarate;

{S)tervbutyl (1-{5-{2-(azepan-1-vhiethoxyi-4-oxo-3-phenyl-3 4-dibydroquinazelin-2-

yhethyhearbamate;

{S)tort-butyl (1 -(d-oxo-3-phenyl-5-2-{pyrrolidin-1 -yhethoxy)-3,4-

dibydroguinazelin-2-yhethyhcarbamate;

{Sy-isopropyt 2-((3-(1-({tert-butoxyearbonyhaminolethyl 4-oxo-3-phenyl-3 4-

dihydroguinazohin-5-yljox viaceiate;

Sitert-butyl (1-{4-ox0-5-2-{2-oxopyrrohdin- 1 ~yvhethoxy}-3-phenyi-3 4-

dihydroguinazolin-2-yDethyhearbamate;

{Sitert-butyl {1-{5-2-{dimethylaminolethoxy)-d-oxo-3-phenyi-3,4-

dibydroguinazolin-2-yhethylicarbamats;

{S}tert-butyl (1-{4-0ox0-5-(2-oxo-2-{piperidin-1-yDethoxy-3-phenyl-3,4-

dihydroguinazolin-2-yhethylicarbamate;

{Srtert-butyl (1-(5-(3-hydroxy-2-Chydroxymethyl - 2-methylpropoxyi-d-oxo-3~

phenyld d-dihydroguinazoliin-2-yhethyilcarbamate;

{S)tert-butyl (1-{d-oxo-3-phenyl-5-{2-{piperidin-1-yhethory3, 4-dibvdroguinazolin-

2-vHethyl jearbamate;

(S rtert-butyl (1-{4-oxo-3-phenyl-5-2-{4-phenyvipiporazin-L-yiethoxyi-3.4-

dihydroguinazelin-2-yijethyljcarbamate;

b3
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{Sitert-butyl (1-(5-(2-2-methyl-1 H-imidazol- Lyhethoxy)-4eoxo-3-phenyl-3,4-

dibvdroquinazolin-2-ylethyllcarbamate;

tert-butyl {18} 1-{5-{2-(Lmethylpyrrolidin-2-yhethoxy)-4-oxo-3-phenyl-3,4-

dilydroguinazelin-2-ylethyDearbamate; and
YOroq 3 ¥i,

{Shtert-butyl {1-{5-{(3-methyioxetan-3-yimethoxyi-d-oxo-3-phenyl-3,4-

dihydroguinazolin-2~yDethytjcarbamate.

[BOI9S]  Example 1d. Preparation of Compound of Formula (14}

0108 AL Preparation of & Compound of Formmla (1) in which nis 1, R i3 2-{morpholin-

4oyi)-Z-onoethoxy, mis O, B is hydrogen, and R is methyt

1d
To a solution of (8itert-butyl (1-{5-fluoro-d-oxg-3-phenyl-3 d-dibydroguinazolin-2~

viethyhearbamate (500 mg, 1.30 mmol) in DMF (2 mL) was added 2-hydroxy-1-
{morpholin-4-yhethan-1-one (283 rmg, 195 mmol} and freshly groond KoCO; (198 mg, 1.43
mmol}. The mixture was heated to 80°C and allowed to stir for 12 days. The reaction was
adsorbed directly onto isclute and purified on ISCO (40 g silica, § ~ 1009 BtOAchexane) o
give {(8)-tert-butyl {1-{5-C-morpholine-2-oxoethoxyl4d-oxo-3-phenyl-3 4-dihydroquinazoline.

Teyhethyhcarbamate,
{80197 Example le. Preparstion of Compound of Formuda (1)

301981 A. Preparation of a Compound of Formuda (1) in which nis 1, R 15 2-(4-

methyipiperidind-vii-2-oxoethoxy, m is §, B is hydrogen, and RY {s methyl
pip : Yarog ¥

59
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i
To a suspension of (S-tert-butyl (1-{S-hydroxy-4-oxo-3-phenyvi-3 4-dthydroguinazolin-2-
1 3, 3 y 3 PR 3 {

viethyhcarbamate {150 mg, .383 mmol}, 2-hydroxy-1-{4-methyipiperidin-1-yijethan-1-one
{134 mg, 0.787 mumol}, and triphenyl phosphine {206 mg, 0.787 mmol} in DOM 2 mL) was
added di<tert-buty] azodicarboxyiate {181 mg, 0.787 munol). The reaction was stivred at
ambient tomperature, with more reagents added as nesded to drive the reaction. The reaction
was poured into HaO {20 mLy, exiracted tnto DCM (3 x 10 mb), and the combined exiracis
were purified by flash chromatography {12 g silica, 0 — 30% Hi0ACTICM) to give {S)-tert-
butyl (1-(5-(2-(4-methylpiperidin- 1 -y 2-oxoethoxy-d-oxo-3-phenyl-3 4-dihydroguinazolin.

Zeyhethylicarbamate.
B0I99] Hxample 1Y Preparation of Comapound of Formula (16

{G8208] AL Preparation of 2 Compound of Formula (1) in which n is 1, R' {s 3-amino-3-

. 5 . 3
axepropyl, mis §, R is hydrogen, and B is methyl

To a solution of (Sierb-batyl (1-{S-bromo~d-oxo-3-phenyi-3 4-dihvdroguinazolin-2-
yhethyDearhamate (300 mg, 8.675 mmol} in DMF (3 mL) was added chlore{2-
dicyclohexviphosphine-27, 46" trlisopropyi- 1, bipheny{ 2-(2 -amino-~1 1~
biphenyhipalladiven{il} {16 mg, 0.023 mumol), acrvlamide (72 mg, 1O mmal} and DIEA

D385 mi, 2.0% mmel). The mixture was degassed and heated to 80°C for 6 hours. The
» [xe,

&0
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reaction was poured into BtOAc and washed with H,0. The resudting solution was dried over
N80y, Bhered, and concentrated to an orange oll. Purification by flash chromatography {25
¢ silica, § ~ 100% ErQACDOM) provided the unsaturated intermediate as 8 white solid, This
material was dissolved in EtQAc (3 mi} and hydrogenated over 10% P& o give (R)-tert-
butyt (-{5-G-amine-3-oxopropyl4-oxo-3-phenyb-3 4-dihvdroguinaselin-2-

vihiethylicarbamate.

{8281} B, Pollowing the procedure desoribed in Example 1{and Reaction Scheme |,

below compound of formula (1) were prepared:

(Sptert-butyl (1-{5-(3-amdno-3-oxopropyl -8-fluoro-d-oxo-3-phenyl-3 4-dihydroquinazolin.

2-vhethvlicarbamate;

{S)-tert-butyl (1-8-{3-amino-I-oxopropy-3-03, S-diflvoropheny - flusro-4-0x0-3 4~

dibydroguinazelin-2-ylethyl carbamate;

{S)tert-butyl {1-5--amine-3-oxopropyl3-03, 5-diftvorophenyl)-4-0x0-3 4~

dihydroguinazolin-2-yhethylcarbamate.
[082¢3]  Example 1g. Preparation of Compound of Fornmda (1g)

02631 AL Preparation of a Componnd of Formula (1) o whichnis I, R s 3-

oxopropenyl, m is §, R is hydrogen, and &7 is methyl

To a solution of (Sitert-butyl (1-{S-bromo-4-oxo-I-phenyl-3 4-dibydroguinazolin-2-
yhethyloarbamate (230 mg, $.563 munol) in DMF (3 mL) was cidore{2-
dicyciohexyiphosphine-27,4°,6 - tritsopropyl-1, 1 biphenyl i 2-{2 “amino~1,1"-

biphenyl}paladivm{I} (38 mg, 0.055 mmol) and DIEA (0.29 mL, 1.69 mmol). The mixture

&1



WO 2015/200352 PCT/US2015/037234

was degassed under Arp. Acrolein (0.076 mi, 1.13 nunel} was added, and the mixture hoated
0 80°C for 10 howurs. The regction was poured into BtOAe and washed with H G (2x),
Purified by flash chromatography (2§ g silics, 0 ~ 30% BtOAchexane} to provide (8, E)-tert-
batyl {(1-{4-oxo-5-3-oxoprop~1-en-1-v-3-phenyl-3 4d-dibhydroguinazolin-2-

vhethyhcarbamate,
002841 Example 1h Preparation of Componnd of Formula (1h)

882081 A. Preparation of a Compound of Formuda {13 in which n is |, R s 3-(pyrrolidin-

t-yhipropyl, m is O, R is hydrogen, and R is methyl

el wj’\/

th 0
A solution of (8, Btert-butyl (1 -{d-0x0-5-{3-ox0oprop-1-en- L-y1-3-phenyl.3 4.
dihvdroguingzolin-2-vhethyhearbamate (84 mg, 0.200 mmnol} and pyrrolidine {excess) in
FrOAC (1.5 mL} was charged to a flask containing 10% Pd/C. The mixture was
hydrogenated under ambient pressure for 1.5 hours, The catalyst was removed by filtration
and the Sltrate purified by Hash chromatography (12 g silica column, 8- 100%
EtOAchexane followed by § — 50% MeOH/DCM) to provide (Sitert-butyt (1-{4-0x0-3~

phenyl-5-03-{pyrrolidin- I -¥vhipropyi-3 4-dihydrogninazclin-2-yiethyhcarbamate.
{BORES]  Exomple 1. Prepavation of Compound of Formula (1)

IBOZET] AL Preparation of a Compound of Formula (1) in which nis 1, R is 3-oxopropyl,

mis 0, R is hydrogen, and R is methyl

92
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&3\\\!
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To a sohation of {Sk-tert-buiyl (1-{3-bromo-4-oxo-3-phenyl-3 d-dihydroguinazolin-2-
yhethyhoarbamate (1.5 g, 3.38 mumol} in DMPE {10 ml} was added chioro(2-
dicvelohexyiphosphino-2 6 -dimethoxy-1,1 -hiphenyh 2-(2 -amine- 1,1

biphenyl Ypalladium(Il} (205 mg, 0.234 mmal) and DIEA {088 mL, S.07 mmol). The
mixture was degassed under Ary, Allyl aleobol (025 ml, 3,71 munol) was added, and the
mixture heated to 120°C in microwave for 2 hours, The reaction was pouwred into EtOAc and
washed with ag. NaCl (3x). Purification by flash chromatography (0 - 40% EtQGAchexane}
provided (8 kert-butyl (1-{d-oxo-5-3-oxopropyll-3-phenyl-3 4-dikydroguinazolin-2-

vihethylicarbamate.
{00208 Example 1i. Preparation of Compound of Formula (1)

{B0208] AL Preparation of a Compound of Formulda (1) in which nis 1, R s 3-{3,3-

difuoroazetidin-L-yDpropyl, m is 0, R is hydrogen, and R i methyl

£

F 2 Y
N
o 5\\:
TR, f"‘n\ N %ﬁ"

To a solation of (-dert-butyl {1-{d-ox0-5-3-cxopropyi}-3-phenyl-3 4-dihydroguinazolin.2-
yhethylicarbamate (8% mg, 0.235 mmol) in DCM (3 mb) was added 3 3-diflusroazetidine
hydrochioride {40 mg, 0.305 mumol). Allowed to stir at ambient temperature for one hour,
then sodium triacetoxvhorohydride {65 mg, 0.305 mmol) was added. Addittonal sedium

T

triacetoxyhorohvdride added as necessary until reaction was deemed complete by LOMS.
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Ag. NaHOO: was added, and the mixture extracted inte DOM (3x). The combined organics
were concentrated in vacue and purified by fHash chromatography (dg silica column, {
100% HiQGAchexane) to provide (Si-tert-butyl (1-{8-3-(3, 3-difluoroazetidin-1-yDpropy-4-

gxo-3-phenyl-3 4-dibhydroquinazolin-2-yhethyijcarbamate.

{88218} B, Following the procedure described in Exaraple 1i and Reaction Scheme |,

below compound of formuds (1) were prepared:
{Sitert-butyl (1-{4-oxo-3-phenyl-5-3-(pipertidin- I-yhpropyh-3 4-dihvdroguinazolin-2-
yhethyhearbamate;

{Stert-butyl (1-(5-(3-(3,3-diftuoropyrrolidin-1-vpropyi deoxo-3-phenyl-3,4-

dibhvdroguinarolin-2-yhiethyhcarbamate;

{Si-tert-butyl {1-{8-(3-{4 4-difluoropiperidin-1-yDpropyli-d-oxo-3-phenyl-3,4-

dibhvdroguinazolin-2-yhiethyDearbamate;

tert-buty! {183 1-(5-(3-(3,S-dimethyimorpholine Jpropyiy-4-oxo-3-phenyl-3,4-

dibvdroquinazolin-2-vhethyl jearbamate;

{(8ytort-butyl (1-(3-03,5-difluorophenyl pd-oxo-3-{3-{pyrrotdin-1~yvDpropyi)-3,4-

dihydroquinazolin-Z-yiethyhoarbamate;

{Sitert-butyl {1532, 2-dimethylmorpholinojpropyl-4-oxo-3-phenyl-3,4-

dibhydroguinazolin-2-ylothylicarbamate;

{Sitert-butyl (1-6-3-(3,3-dimethylmorpholinojpropyib4-oxo-3-phenyl-3,4-

dibydroguinazolin-2-yhethyllearbamate;

{S)rtert-butyl (1 -{8-fhuoro-4d-oxo-3-phenyl-5-C~{pyrrolidin- L ~yDpropyh-3 4-

dilivdroguinazolin-2-yhethyvhicarbamate;

(Sytert-butyl (1-(d-ox0-3-phenyl-5-(3-{2,2.6 S-tetraflnoromorpholingpropyli-3,4-

dihydroquinazolin-2-yiethvhcarbamate;

{Si-tert-butyl {1-{5-3-(3,3-diflnoropyrrolidin-L-yDpropyl -8~ Huoro-d-oxo-3-phenyl-3 4-

dilrvdroguinazolin-2-yhethyl joarbamate;

{Sitert-buty! {ovelopropyl{d-oxo-3-phenyl-5-G-{piperidin-1-yDpropyi}-3,4-

diydroguinazolin2-yDmethylicarbamate;

94
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{8 tert-butyl {eyclopropyi{d-oxo-3-phenyl-S-(3-{pyreolidin- L-vhpropyl)-3,4-
dilydroquinazolin-2-vhimethyhicarbamate;

{(S)tert-butyl {eveloprapyl(8-Huoro-4-axo-3-phenyl-5-{3-{piperidin- - yDpropyir3,4-

dihvdroquinazolin-2-yhimethyl joarhamate;

{Syteri-butyl {evclopropyi{R-flnoro-d-oxo-3-phenyl-5--{pyrrolidin- L -yDpropyh-3,4~

dihydroquinazelin-2-vimethyhoarbamate.

f0821¥] Exeample Ik Preparation of Compound of Formula (1k)

1882121 A Preparation of 2 Compound of Formada (1} in whichnis L, R 48 3+

cvelohexyiprop-1-en-1-v], m is 0, R is hydrogen, and R is methyl

& fﬁ\?

H
D
SN \N‘;’:‘ -~

HNL O e
\ =,
' G

To a solution of (Shtert-butyl (1-(8-bromo-4-oxo-3-phenyt-3, 4-dibydroguinazelin-2-
yhethyDearbamate (300 mg, 4.6735 mmel} in DMF 3 mb) was added Chloro(2-
dicveiohexyiphosphine-2' 6 -dimethoxy-1,1biphenyl}{ 22 ~amine-1, 1~
biphenyl}ipaliadium{l) (50 myg, 0.0.069 mmeol} and DIEA (G539 mi, 338 mmol). The
mixture was degassed under Ar. Allyl eyelchexane (0,21 mL, 1.35 mameol) was added, and
the mixture heated to R0°C for 18 hours, The reaction was poured Into BtQAc and washed
with aq. NaCl (3x). The organic phase was adsorbed to isolute and purified by flash
chromatography (25 g silica, 0~ 30 ErQOAchexane) to provide {3 E)tert-butyl (14{5-(3~

eyelohexyviprop-1-en-y4-0x0o-3-phenyl-3 4-dihydroguinazolin-2-yhethyhcarbamate.

852131 B, Following the procedure deseribed in Example 1k and Reaction Scheme [

helow compound of formula (1K) were prepared:

{8, E)-tert-butyl 4-02-{1-{{tert-butoxyearbony aminoethyl p-4-0x0-3-phenyl-3,4-

dihvdroguinazodin-5-yihut-3-enoate;

a5
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{8 Ed-tort-buotyl 2-(5-(4-(tert-butoxy-4-oxobut-T-en-1-vp-4-oxo-3-phenyt-3 4-
dibydroguinazolin-2-yhipvrrolidine-1-carboxviate;

{8, E}-tert-butyl 4-02-(1-((tort-butoxycarbonyl jJaminejethvl}3-(3,5-di foorophenyi-4-0x0-3,4-

dibhydroquinazolin-S-yhibut-3-enoate.

00214] Exomple 11 Preparation of Compound of Formmala (11

1B6318] A Preparation of a Compound of Formula (11 in whichnis 1, R is 3-

eyelohexyvipropyl, mis 0, R is hydrogen, and B is methyl

A solution of {§, E-tert-butyl (1-(5-Geyclohexylprop-1-en- 1 wwil-4-oxo-3-phenyl-3,4-
dihydroquinazolin-Z-yliethylicarbamate (274 mg, 5.562 mmol) in BtOAc {8 mL} was added
1 & flask charged with 10% Pd/C. The mixture was hydrogenated at abmospheric pressure
for 10 hours. Filtration provided (Sptert-butyl (1-(5-(3~cyclohesylpropyl-d-oxo-3-phenyl-

3 4-dihydroguinazolin-2-yhethyljcarbamate,

{88218] B, Following the procedure described in Example 1 and Reaction Scheme §

below compound of formuda (1) were prepared:
(S ptert-bauyl 4-2-(1-{{tert-butoxvearbonyllamino jethy bd-oxo-3-phenyl-3 4~
dibydroguinazelin-S-yibutanoate;

{Si-tert-butyl 2-(5-{4-{tert-butoxy)-d-oxobutyl}-4-oxo-3-phenyt-3,4-

dibydroguinazolin-2-yDpyrrolidine- -carboxylate;
¥ RESIO: 3

{Sy-tert-butyl 4-02-(1 {{(fert-butoxyearbonyhamino ethy 33, S-diffuorophenyl}-4-

oxo-3 d-dhydroguinazolin-S-yhibutancate,

{82177 Hxample Im. Preparation of Compound of Formula {Im)

95
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602181 AL Preparation of a Compound of Formula {1} in which nie 1, R is SO;Me, m is

LR s B R and B together with the atoms to which they are attached optionally form a

pyrrolidine
K
o o
A+ 1 0l
Eﬂ\\\‘ TN TR g
‘\\:»ﬁ\ fofk,«*‘
4
Oy’
im O

To a sohution of (Si-tert-butyl 2-(5-bromo-3-(3-Hoorophenyhi-d-oro-3 d-dihydroquinazotin-
Z-yhipyrrolidine- 1 -carboxylate {460 mg, 0.94 mmol} in DMEO (5 ml) was added sodium
methanesulfinate (375 mg, 3.7 minol}, cestum carbonate (153 mp, 0.47 mmol}, copper 1odide
{72 mg, 0.38 mmeol} and (Shproline (87 mg, (.75 mmol). The resulting mixture was
degassed under Ar, sealed, and heated to 93 °C. After 18 hours the reaction was coolad,
powred into BIOAC, and washed with HoO (8x). The organic phase was dried over MgS(4,
concentrated, and purified by column chromatography on silica eluting with EtOAC in
hexanes {5-80%) to afford {(§-tert-butyl 2-3-G-Thuoropheny-S-{moethylsuifonyii4-oxo-3,4-

dihydroguinazolin-2-vi jpyrrolidine- carboxylate, ES/MS sk = 4881 (M+H L

86218 B, Following the procedure described in Example 1g and Reaction Scheme §

below compound of formula (1) were prepared:

{8 tert-butyl 2-03-2-fuorephenyl S {methviadfony-d-oxo-3 4-dihydroquinarolin-2-
viipyrrolidine-T-carboxylate

{Sitert-butyl 2-3-(2,6~diffvorophenyl-S-{methylsutfonyl}-4-ox0-3,4-dihydroguinazolin.2-
vipyrrolidine-L-carboxylate

{Nhgertbutyl (1-3-{3-HuorophenyiF4-oxo-S-{phenylsulfonyl)-3,4-dibydroguinazolin-2-
yhethyljcarbamate

{Sitert-butyl 2-(3-(3-Huorophenyli-4-oxo-5-{phenvisnlfonyi }-3, 4-dihydroguinazolin-2-
vipyrrolidine-1-carboxylate

{00228 Example In. Preparation of Compound of Formula (In)

g7
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A. Preparation of a Compound of Formmia (1) in which nis 1L, R s SICHL0H, mis LR s

FoRM s H, and B is Me

To a solution of (8)tert-butyl (1-{S-bromo-3-(3-Rucrephenyl}-4oxo-3 d-dihydroquinazolin.
2evhlethyljcarbamate (1100 myg, 2.38 mmol} and mercaptocthanol {3.20 mi, 2.9 mmol} in
dioxane {12 mL} was added diisopropyviethylamine (1.25 mi, 7.1 mumol}, Xaniphos (193 mg,
(.34 wmol), Pddbal (96 mg, .17 mumol} and (Shproline (87 mg, .75 mmol). The resulting
mixtore was sealed and heated to 100 °C. After IR hours the reaction was cooled, poured into
EtOAe, and washed with HpO. The orgauic phase was dried over MgBO4, concentrated, and
purified by column clromatography on silica sluting with BtOAc in hexanes $-100%) to
afford (Sytert-butyl (-(3-(3-Thuorophenyl}-S<{{Z-hydroxyethyhthioy4d-ox0-3,4-
dihydroquinazolin-2-yviethvicarbamate. BES/MS m = 460.1 (M+H™

02211 B. Following the procedure deseribed in Example 1n and Reaction Scheme 1L

below compound of formuala {1} were preparad:

{Si-tert-butyl {1-{S-{eyclopentyithio-3-(-fluoropheny bd-oxo-3 d-dihydroquinazolin-2-
vhsthyDcarbamate

{Sitert-butyl (-G-3-ToorophenylM4eono-S-{o-tolylihio}-3 4-dihydroguinasolin-2-
yhethyhoarbamate

{B8222]  Example lo. Preparation of Compound of Formuda (1o}

A. Preparation of 8 Compound of Formula (1) in whichnis 1, RY {s 30.{(CE SO, mis |, R
is ¥R s ¥ and % s Me

b
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To a solution of (B)tert-butyl (1-3-{3-fluorephenyDS{(2-hydroxyethyhthiol4-0x0-3 4~
dibydroguinazolin-2-yhethyljcarbamate (1050 myg, 2.29 munel) in THF {12 mL} and water (&
mi) was added Oxone (4.9 g). The resulting mixture was stired at room temperature
overnight. The reaction was poured into BtOAc and washed with H>QO, The organic phase
was dried over MpSO4 and concentrated to afford {Sitert-butyl (3.3 Huorophenyl)-5-({2-
hydroxyethyhithiol-d-oxo-3 4-dihydeoguinasolin-2-yhethyl )arbamate, ES/MS mi =492
MHH

{82331 B. Following the procedure desoribed in Example o and Reaction Scheme |
below compound of formmla {1} were prepared:

{&tert-butyl (1-{3-{cyclopentylsulfonyy-3-3-tuoropheny-4eoxo-3 4-dibvdroguinazolin2-
yvhethylicarbamate

{Sitert-butyl (1-G-O-Thorophenyl - 4-ox0-5-{o-tolvisulfonyl}-3,4-dihydrogquinazolin-2-

yhethyljearbamate
{30224] Example 1p. Preparation of Compound of Formuda (1p}
[O82281 A Preparation of a Compound of Formula (1) in which nis 1, RisCLmis o, ®®

and R together are 4-(2,2-difluorogcetamidopyrrolidine- -y attached at the 2-position of

the pyrrolidine o the quinazelinone

oo ;’-‘3:‘;\7
Ex'j&\\:{\i",x'ﬁ’\g .r’;:\vff
SN NI SN
,,wa' };ﬂ“{\
Bog o F
e
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HATU (724 mg, 1.9 mmol}, diffuoreacstic aoid (011 ml, 1.75 munol}, and DIEA {0.83 mL,
4.77 mumol) were added to 2 stiving solution of (28,4 ert-butyl 4-amdno-2-{ S~chlore-4-
oxo-3-phenyi-3 d-dibhydroquinazolin-Tvhpyrrolidine- L-carboxylate {700 mg, 1.59 munol) in
ACN {15 mL}atot. After stirring for 3b the resulting mixture was guenched with NaHCO,
{sat} and the agueous layer was extracted with, The combined organic layers were washed
with brine, drisd over NaxSQy, and concentrated to give crude acetamide. Chromatography
{11, Hexanes/EtOAC) afforded the pure acstamide (285, 4R mtert-butyl 2-{3-chloro-deoxo-3-

henyl-3 4-dihvdroguingzolin-2-vi}4-2,2-difluorcacstamidopyrrolidine- L-carboxylate.
pacny hACARS T3 ¥

{382236] B, Pollowing the procedure described in Bxample 1p and Reaction Scheme |

below compound of formuda (1) were prepared:
{28 AR ptert-butyl 2-{5~chloro~-3-(3,5-diflvorophenylp-4-oxo-3,4-dihvdroguinazolin-2-yl -4~
{2, 2-diftuorcacetamidopyrrolidine-1-carboxyviate;

{25,48-tert-butyl 2-(S-chloro-4-oxo-3-phenyl-3 4-dihydroguinazolin-3-y1)-4-{3 2,2

a2

frifluorcacetamido}pyrrolidine-b-carhoxyiate;

{25,4R-tert-butyl 2-{ S-chioro-3-{3-{difluoromethyl }-S-Hoorophenyl)-d-oxo-3 4+

dihvdroguinazolin-2-y1-4-{2 2-diffuoroacetamido pyrrolidine- 1 -carboxvlate;

{28 4R ptert-budtyl (2 2-difluoroacetamido)2-3-3,-difluorophenyl - §-Huore-d-ox0-3,4-

dihydroguinazoliin-2-yDpvrrolidine- -carboxyiate;

{28, 4R ert-butyl 4-(2,2-diffuoreacetamido - 2-3-A-{dfluoromethyl}-5-Huorophenyi)-5-

fluoro-4-oxo-3 4-dihydroguinszolin-2-vhpyrrolidine- 1 -carboxviate;

{28 4R tert-butyl 2-{S-chlore-3-(3-(difluoromethyl}-S-Huorophenyild-oxo-3,4-

dihvdroquinazolin-2-y11-4-(2, 2-difluoroaceiamido pyrrolidine- L-carboxvlate;
~ 3 . 2 2 o o k

28, 4R ptort-butyl 2-(5-chloro-d-oxo-3-phenyl-3 d-dihydroguinazolin-2-y D43~

cyclopropylacetamidoipymrolidine- -carboxylate;

(BT} Example 1g. Preparation of Compound of Formula (1g)

{38338 A. Preparation of a Compound of Formula (D in whichnis LR s CL mis 0, R
and R sogether are 4-{2,2-difvoro-N-methvlacetamido pyrrolidine-1-v1 attached at the 2-

position of the pyrrolidine to the guinazolinone

100
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Boc” JF
Solid NaH (60%, 29 mg, 0.72 mmol) was added 1o & stirring solution of (38,48 -tert-butyl 2-
{S-chloro-4-gxo-3-phenyl-3,4d-dihydroguingzohn-2-yD-4-(2, 2-difluoroacetamidoipyrrolidine~
1~carboxyviate (200 mg, 0.38 monol} in THF (8 mL) at 0 °C. After stirring for 5 min,,
iodomethane {77 myg, .54 mmol) was added. The resuliing solution was allowed to warm to
tt and stitred for an additional 4d. The reaction mixture was quenched with NalHCG, (sat)
and the sgueous layer was extracted with EiQAc, The combined organic layers were washed
with brine, dried over Na,S8Oy, and concentrated to give (384R erb-butyl 2-(S-chlorg-d-gxo-
Jephenyi-3 4-dihydroquinazolin-2-y13-4-{2 2-diffuoro-Nemethvlacotamidopyvrrolidine- 1 -

carboxyiate that was vsed in the next step without further purification,
RG2S Exaxnple 2. Preparation of a Compound of Formta (3}

IB0230] A, Preparation of & Compound of Formuda () in which nis 1, R is fluore, mis 1,

B2 {s fluore, B is hydeogen, and R? ix eyclopropyt

Oy

.
;
i

B82311  Trifluorcacetic acid (2 mL) was added to a solution of (V-ert-butyl
{cyclopropyl(S-thuore-3-3-Tuorophenyi}-d-oxe-3 d-dibvdroguinazolin.2-
vimethvhearbamate (0.5 g | mmol} in dichioromethane (2 mi) The resulting solution was
stirved at room temperature for 2 hours. The mixture was poured into satursted agueons
NaHOO; and extracted with DCM. The organie layer was dried (NaxSOy) and the solvent
was removed i vecue to atford (S)-2-(amino{oyclopropylimethyl-3-fluore-3-(3~

fuorophenyllguingzolin-4(3H}-one.

G
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168233 B, Following the procedure deseribed in Bxample 2A and Reaction Scheme |

below compounds of formuda (2) were prepared:
{(Ny-2-{amino{cyclopropyhimethyl-4-oxo-3-phenyl3 d-dibydroguinazoline-§-
carbontiniie;

{§r-2-{amino{cyclopropylimethvi-R-fluoro-d-0xo-3-phenyl-3,4-dihydroguinazoline-

S-carbomitrile;
{8)-2-{smino{phenylmethy-S-chlore-3-phenviguinarobin-4(3Hone;

{81 2-{amino{eyclopropylimethy-3-O-(difluoromethyD-S-Tuorophenyl hdeox g3 4~

dihydroguinazoline-S-carbonitrile;

{(8¥-2-{aminof{cyclopropymethyl}-3-(3-Huorophenyl)-S-{methyisutfonyhauinazolin.
4{3H}one;

{S1-2-{amino{cyclopropylimethyD-3-{2,6-difluorophenyly-5-

{methylsutbonyhguinarolin-4(3H one;

i

{S)-2-{amino{oyclopropylimethyl}3- 2-fluorophenyl-S-(methyisaifonyl guinazolin-
43H)-one;

{S}-2-{amino{cyelopropyhimethyi}-6-fucre-3-3-flucropheny-8-lodoguinazolin.

4(3H-ong;
{S2-{aminofeyclopropyDmethyh-6-fhuoro-3-phenyl-S-todoguinazolin-43H}-one;

{S)3-amino-3-{ S-chlore-3-(3,S-diftlucrophenyl p-4-oxo-3,4-dihvdroguinarolin-2-vij-
N N-dimethylpropanamide;

{(8)3-amino-3-{ S-chioro-4-oxo-3-phenyl-3 d-dibvdroqunazelin-2-v-N N-
dimnethyipropanamide;

{83 3-C-{amino{eyelopropylimethyl}-S-methyl-d-oxoguinazolin- 34 H w35+

flusrobenzowitrile;

{81 2~{amino{oyclopropyiimethyi}-3-(3,5-difluorophenyli-S-methylquinazolin-4{3H -
One;

{8}-2-{amino{cyciopropyhimethyh-3-chloro-3-(3,5-difluorophenyi jquinazolin-43H)-

one;
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{5)-2-{amino{eyelopropyhimethyl-5-Huoere-3-03, 5-difluorophenyl uinazolin-43H})-
one;
{(S§p2-{amno{cyclopropylmethyli-6-fluoro-3-(3-fuorophen yhguinazolin-43H}-one.

S-chloro-3-{3,5-diflnorophenyl-2-{(25, 48 -4-methoxypyrrolidin-2-vquinazolin.
4(3H}yong;

{83-2-{ L-amineethyl 15-{2-morpholinosthoxy)-3-phenyviquinazolin-4(3H}-one;
{S}-2-{ 1 -amineethyl }-5-{2-{azepan- -yl ethoxyi-3-phenyiquinazoln-4{3H-one;
{S¥-2-{ L-aminosthyl }3-phenyl-5-02-(pyrroidin- L-yhethoxviquinazolin-4{ 3 -one;

{Syisopropyl 2-{{2-(} -aminoethyi}-doxo-3-phenyl-3 d-dibydroguinazolin-§-

vioxyiacetate;

{(S32-{1-aminoethyl }5-2-Z-oxopyrroldin-T-yhethoxy)-3-phenviguinaroHn-4(3H}-

One;
{S3-2-(1-aminoethyl}-5-2-(dimethylaminojethoxyi-3-phenviquinazolin-43H)-one;
{83-2-{1 -aminoethyl}-5-2-oxo-2-{piperidin-1-yhethoxy)y-3-phenviguinasolin-4(3H)-
one;

{S3-2~{ L -aminoethyl}-5-(3-hydroxy-2-thydroxymethyl - 2-methylpropoxy)-3-

phenviquinazolin-4(3H}-one;
{83-2-( L-aminoethyl}-3-pheay-S--{piperidin- -yl jethoxyigninazolin-4(3i-one;

{83-2-{ L-aminoethyl}-3-phenyl-5-3-(4-phenyipiperasin- LyDethoxyquinazolin.

A3 H}-one;

{Sp2-(1-amduoethyD-5-(2~(2-methyl-1 Humidazel-1 -vhethox vi-3-phenviquinazolin.
4 3H»one;

2-{{8}-L-aminoothyl 1-5-2 < Lmethyipyrrolidin-2-vlethox yi-3-phenviguinazolin-
4(3H }-one;

{S}-2-{ L-amincethyi}-5-{{ 3-methyloxetan-3-vlimethox yi-3-phenyigminazolin-4{3H)~

onE;

{832+ LamdnoethyD-5-(2-morpholino-2-oxosthoxy - 3-phenviguinazolin-43H)-ons;

Les
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(S 3-2-(L-amdnoethyl )3 2-{d-methyipiperidin-L-yi}-2-oxoethoxyp3-
phenviquinazolin-4(3Hy-one;
{(81-3-3~{ L-aminoethyl-4-oxo-3-phenyl-3 4-dihvdroguinazolin-S-yDpropanamide;

{8}-3-(2-{ L-aminoethyl 8- fluoro-d-oxo-3-phenyl-3, 4-dihydroguinazolin-S-
yhipropanamide;

{(S¥-3-{2-{L-aminocthyl 303, 5-diffuorophenyl-§-Huore-doxo-3 4~
dihvdroquinazolin-S-yvlipropanamide;

{83302V eaminosthyl}-3-03, 5-difluorophenyly-d-ox0-3,4-dihydroguinazolin.§-
vipropanamide;

{S12-{T-aminoethy-3-phenyl-5-C-(pyrrolidine LyhpropyDouinazolind (3 -one;

{812-(L-aminoethy}3-03-(3 3-diffuoroazetidin-L-yhpropyl}-3-phenviguinazolin.

4{3Hyone;
{832~ L -aminosthyl}3-phenyl-S-{3-(piperidin-T-ylpropylquinarolin-4(3H}-one;

{S32-{T-aminoethyl}-5-3-3,3-difluoropyrrolidin. - yDpropy-3-phenyiguinazolin.
4{3H}one;

{8)-2-{ L-aminoethy! 1-5-(3-(4 4~-difluoropiperidin- L-yUipropyl)-3-phenviquinazolin-
4{3H}}one;

LS Laminoathyl 35303, 5-dimethyimorpholinopropyl}-3-phenyiguinazoline

A{3H}one;

{83-2-(1-amincethyi}-3-(3,5-difluorophenyl - 3-G-{pyerolidin- Lyhpropyl quinazolin-

4{3H)-ong;

{83-2-(1-aminoethyl }5-(3~(2 2-dimethyvinorpholinopropyh - 3-phenylguinazolin.

43 »one;

{2+ Faminoethy3-5-3-(3, 3-dimethylmorphoiime propyl -3-phenylquinazolin.

A 3H}-one;

(8)-2+{ L-aminoethy! k-8-fluore-3-phenyl-5-3-{pyrrehdin- L vhpropyhiquinazelin-

4{3H}-one;

104
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{8)2-{ I-aminoethyl - 3-phenyl-5-(3-{2,2,6,6-
tetrafluoromorpholineleropyDguinazolin-4(3Hone;

{8 )2-{amino{eyclopropylimethyi-3-phenyl-5-3-(piperidin- LovlipropyDagudnazolin.
4{3H}}-ong;

(8)-2-{amino{oyelopropyiimethyly-3-phenyl-5-(G-{pyrrolidin- I-yDpropyliquinazolin.
4(3H}-one;

{S3-2-{ I -aminoethyl »5-03-(3, 3-diffuoropyrrolidin- vl propyy-8-fluors-3-
phenylgninazolin-4{3H -one;

{S¥-2-{amino{ovciopropyl methy 8- fluore-3-phenyl-5-3-{piperidin-1-
yhpropyDquinazoha-4{3Hy-one;

{8)-2-{amino{ovelopropyDimethyl-8-fluoro-3-phenyl-5-3-{pyrrolidin-1-

vhpropyDquinazolin-43H}-ons;
(S}2-{1-aminoethyl1-5-(G-oyclobexyipropy 3 phenylgunazolin-4GHi-one
{8)-2-{azetidin-2-y1}-S-chloro-3-(3, 5-diflnorophenyllguinazolin-4{3H}-one;
{83 2-(aretidin-2-vt-S-chloro-3-phenviquinazolin- 43 H}-one;
($3-4-02-{ 1 -aminosthyD-4-oxo-3-phenyl-3,4-dilvdroguinazolin-S-yiibutannic acid;
(8 3-4-(4-oxo-3-pheayi-2-{pyrrolidin-2-yi)-3 4-dibvdroquinazolin-S-vijhatancic acid;

{S3-4-2-(T-aminoethy3-3, S-diffuorephenyl}-4~ox -3, 4-dilrvdroguinazolin- 5

vibutanoic acid;
{S12-{ Laminoethyl - 3-(3-Huorophenyt p-S-{phenyisuiforyhquinazoln-4(3H}-one;

(8332 S-diftucrophenyl -S-{methylsulonyl - 2-{pyrrolidin-2-yHogunazolin-43H)-
one;

{8¥33-{2-Huorophenyl-S-fmethyisulfonyh-2-{pyrrolidin- & yhguinazolin-4{ 3 H one;

{83-3-3-Puorophenyi}-S-(methyinudfonyl -2 (pyrrofidin-2-vl minazolin-4 3H -one;

{83-3-(3-fluorophenyi-S-{phenvisui fonyl}-2-{pyrrolidin-2-yguinazolin-4{3H-oneg;

{$)-2-{ L-aminoethvl}-3-3-Huorophenyh-5-{{3-hydroxyethyhsulfonyl Jguinazolin-

43 Hone
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{832+ L-amincethyl-3-C-fuorophenyD-5-{(2-hydroxyethyDithiopuinazolin-4{ 3H}-

one;
{(8)y2-(aminoethy3-O-flusropheny-S-{o-tolyisulfonyDguinazolin-4{ 3 -one;
{Sy-2-(1-aminosthyi}-3-{cyclopentylsulfonyl M 3-G-fluorophenyiquinazolin-d(3H)-
OnE;
{8}-5-chloro-3~3 5~difluoropheny}2-{pymrolidin-2-ylguinazolin-4{ 3 H}-one;
{S}-S-chlore-3-03 S~diffuorophenyh-8-methyl-2-(pyrrolidin-2-yhiquinazolin-4{3H}-
one;

{3}-8-chlore-3-3,5-diftuorephenyl -2-{pyrrehidin-Z-viiquinazoln-4(3H}-one;
{8)3-03, 5-difluorophenyD-8-methyb-2-{pyrrolidin-2-yhguinazolin-4{ 3 -one;
{8}-3-3-{difluoromethyvl iphenyl }-&-todo-2-{pyrrolidin-2- v iquinazolin-43 i -one;
{8)-8-iodo-3-phenyl-2-{pyrrolidin-2-vi iquinazolin-4{3H bone;
{8¥-3~{§-chloro~-4-oxo-2-{pyreolidin-2~-yliquinazolin-3{4H}- y1}-3-fluorebhenzonitrile;

{83303, 5-diftuorophenyD-S-fluore-2-{pyrrolidin-2-vhiquinazelin-4{3Hone;

{(§3-3-(5,8-dichloro-d-oxo-2-{pyrrolidin-2-ylquinazolin-3{(4H}-

yhbenzenesuifonamide;
S-chlore-2-{(28 4R }-4-methyipyrrolidin-2-vi}-3-phenyiquinazolin-4(3H)-ons;

F-chlore-3-(3,5-diflucrophenyl 1 2-((2 5, 4R -4-Tuoropyrrolidin-2~vDguinazolin-43 H)-

One;
{(8}-2-{1-aminoethyl}-S-chloro-3-(3,5-difluorophenyliguinazolin-43H one;
(8¥3-(1-amdncethyl}-S-chioro-3-phenyiguinazolin-4{3H }one;
(RS-chloro-2-fmorpholin-3-y1}-3-phenviquinarolin-4{3H}-one;

$2-(L-aminoethyl}3-03, S-diftuorephonyll-S-fluoroquinazolin-4{ 3 H-one: N~
(3R, 38)-5-(S-chlore-3-(3,5-diflucrophenyi}-4-oxo-3 A-dibydroguingzolin-2-vhpyrrelidin3-
yir2,2-difluorcacetamide;

N-{{3R,38)-5-{ S-chloro-4-oa0-3-phenyl-3 4-dibydroquinazolin-2-ypyrrobidin-3-y1-

2 -diflucroacetamide;

108
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N{(38,38)-5-{S-chloro-4-oro-3-phenyl-3 4-dihydroguinazelin-2-yDpyrrolidin- 3-y1)-

2,2, 2-rifluorcacetamide;

N-{{3R, 88)-5-3-(3,5-difluorophenyl - §-flaoro-d-oxo-3, 4-dihvdroguinazolin-2-

vhpyrrolidin:3-y13-2,2-di fluorocacetamide;

3 4~

NA{{(3R, 55 3-5-3-(3{difluoromethyl }-S-fluorophenvi - S-Huore-4-ox -

dihydroguinazolin-2-vlipyrrolidin-3-v13-2, 2-difluoroscetamide;

N-{{(3R, 58} 5-(5-chlore-3-3-{diffuoromethy-S-Fuorophenyl-d-oxe-3 4~

dihydrogquinazolin-2~vhpyrrohidin-3-y13-2, 2-diffuoroacetamide;

NAR 38545 -chloro-3-03,3-difluorophenyl d-oxo-3 4-dihvdroguinazolin-2-

yvhpyreohdin-3-vi3-2,2-diffuore-Nomethyviacstamide;

N((3R,S8)-5-(S-chloro-3-(3-{difluoromethyl-S-fluorophenyi}-d-oxo-3 4~

ditydroquinazolin-2-yipyrrotdin-3-y1)-2, 2-diffuoroacetamide; and

N-{(3R,38}-5-(S-chloro-4-oxo-3-phenyl-3, d-dihydroquinazolin-2-vl ipyrrolidin.3-v1}-

Z-cyclopropylacetamide,

233 Example 3. Preparation of 8 Compound of Formmla 3)

[B9334] A, Preparation of s Compound of Formula (3} in whish R s ON, R and ®

NH;, and X is {1 (2, 4-damino-S~chloropyrimidine-S-carbonitrile)

9

e
N Nf’fi\

HaN

£

MH

{80238 Ammonium hydroxide (20 mL) was added {0 a solution of 2,4.6-
wichloropyrimidine-S-carbonitrile (5.0 g, 24 somel} in dioxane (20 mL} at room temperature.
The solution was warmed to 50°C and stirved for 3 hrs. The resction mixtuge was cocled o
10°C and water (50 mL} was added. The resulting solid was filtered, washed with water, and
dried under high vacuum to afford the above compound. H NMR (100 MHz, DMSO) 164.8,
162.6, 181.9, 115.8, 77.6. BS/MS mz = 1699 (VHY

[B83361 B Following the procedure desoribed in Example 3 and Reaction Scheme |, bolow

compounds of formula {3} were prepared:
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S-chloro-6-Huoropyrimidine-2 4-diamine;
S-chloro-S-{methylsnlfonyDpyrimidine-2 4-diamine;
Z-amino-4, &-dichloropyrimidine-S-carbonitrile;
Z-amino-4-ciloro-G-methylpyrimidine-S-carbonitrile;
d-gmino-2, 6-dichloropyrnimidine-S-carbonitrile;
4d-gradno-G-chloro-2-methylpyrimidine-3-carbonitrile;
d-chlovo-S~-iodo-S-methylpyrimidin-2-aming
§-chipro-3-(irifluoromethyljpyrimidine 2 4-diaming; and
2 4-diamine-G-chloropyrimidine-S-carboxamide.

002371 . Preparation of & Compound of Formula (3) in which R* is €L R® and R are
NH,, and X isF

NN N,
A28 To 2 45-trifluoropyrimidive (10 g, 75 mumol} in acetonitrile (100 ml) cooled to
(°C 18 added cone NH OH {56 mi} in three portions. Remove the cooling bath and allow to
stiv at room temperature for 6 h followed by heating at 40°C overnight. Remove the solvent
in vacuo to give 2 4-diamino-&-fluoropyrimidine. MeQRH/EIOH (250 mL, 1:1) is added to the
2 4-diamine-6-Tuoropyrimidine and the mixture is cooled with an fce bath, NCS (13 g, 97
mmol} was added in portions. The ice bath was removed and the mixture stivred for 6 b,
followed by heating to 30°C overnight. Approximately 75 mb of the solvent is removed in
vacuo and the reaction vessel is cooled to -10°C. The solid is coliscted by fliration and
added to water {100 mL) and stirred. The solid is collected by filtration and added to 8.1M
NaOH (100 mL) and stirred. The solid s collected by fltration to give 2 4-damine-S~chloro-

g-fluoropyrimidine.
[06138]  Example 4. Preparation of 8 Compound of Fornuda (I}

ID8246] A, Preparation of a Compound of Formula () in whichnis 1, R s fluero, mis 1,

3. LR 4, 5. Toowe
R* is fluero, R s oyclopropyl, R is cyano, R is hydrogen, R is Nih, and R 18 N,
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o4t} (Sr2-{aminof{oyclopropybimethyl-S-Hoore-3-3-Hoorophenylquinazolin-43H -
one {270 mg, 0.8 mmol} and 2, 4-diamino-G-chloropyrimidine-S-carbonitrile (120 mg, 0.7
mmol} were dissolved in diisopropylethylamine (0.7 mL, 4.0 mmol} and 1PA 2 mL). The
resultant mixture was heated using 8 microwave to 139°C for 14 hours, after which time the
reaction was cooled to room temperatore, and the solvent removed in vacus, The residue was
purified by chromatography eluting with 0-100 % BtOAc/hexanes followed by (-20% MeQH
in Bi3Ac to afford 2 4-damino-6-{{eyclopropylS-fuore-3-(3-Tuorophenyli-d-oxo-3,4-
dihydroguinazolin-2-yvl methyliamine jpyrimidine-S-carbonitrile (Compounnd 1523, 'H NMR
(400 MHz, DMSO-dg) § 7.96 — 7.68 (m, 2H), 7.64 — 7.04 {m, 3H), 6.72 - 8.33 {m, 2H), 6.16
{s, 2H}, 4.61 (dt, S =215, 7.6 Hz, 1H}, 145~ 121 (m, 1H), 030 {did, J=11.7, 7.0, 2.0 Hz,
3H), 012 (m, 1H) BS/MS 461.2 (MR

002431 B. Following the procedure described in Exampies 4 and Reaction Scheme | below

compounds of formuda (1) were prepared:

02431 (S)2-{oyclopropyH{2 &-diaminoe-S-oyanopyrimidin-d-yhaming imethyD-doxo-3-
phenyl-3,4-dihydrogquinazoline-5-carbonitrile (Compound 1a), 'HNMR {400 MHz, DMSG
ded & RAZ - 7.94 {my, 2H), 7.62 - 737 (m, AH), 6.59 {5, 2H), 6.46 {d, J= 7.6 Hz, 1H), 6.20 (5,
2H), 4,74 455 {m, 1H), 1.36 - 1.22 (m, TH), 049 — 030 (m, 3HD, 0,07 — 0,07 {m, 1H)
ES/MS 4501 (vi+H

[08244]  {(Sp2-{ovelopropyi{(2, 6-diamine-S-cyanopyrimidin-d-vhamino rnethy[-8-fluore-
4oxo-3-phenyi-3A-dihvdroguinazoline-S-carbonitrile (Compound 2a). "H NMB (400 MHz,
DMSO-de} 8 816 {dd, J= 8.4, 4.5 He, TH}, 7.99 {dd, 7= 0.6, 8.4 He, 1H), 7.93 - V.58 {m,
4H), 7.87 - 7.49 (m, 24, TA8 - 7.33 {m, 2H), 733 - 7.23 (m, 1H}, 465 (&, S = 8.0 Hz, 1H),
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148 (ddt, S = 13.0, 7.9, 4.0 He, 1), 0.57 — 0.35 {m, 3H), 016 — 0.03 (m, 1H). BES/MS 4681
(VY

48] (832 4-diamino-6-{{{8-chloro-4-oxo-3-phenyi-3 Mh‘swérmumamimu -

v1i{pheny methyhamino jpyiimidive-S-carbonitrile (Compornd 3a). 'H NMR (400 Mz,
DRMSO-d6) 8 7.99 ~ 6.97 {m, 14H}), 660 - 651 {m, TH)L, 91 {dd, J=06%, 1.2 He, TH}, 4.54 -
3.39 (br m, 4H) BER/MS 4081 (MY

[oeds]  $r2-(ovclopropyi{(2,6-diamino-S-cyanopyrimidin-d vl igmine methyl3-3-3-
{iflvoromethyl3-S-fuorophenyi}-4eoxo-3, 4udih§f'§imqui§'1a2£3§ ine-3-carbonifrile (Compound
da): HONMR (400 MHz, DMSOY§ 8.17 — 8.00 (m, 3H), 7.95 — 7.47 G, 6H), 7.47 - 7.28
{m, 3H), 726 - 679 {m, 1H), 4.60 (g, J = 83 He, IH), 165 -1.44 {m, 1H), 0.65 - 0,40 {m,
3HY, 031 - 0.07 Ow, 1D BS/AMS SIS (MH™Y,

082477 (832 4d-diamino-&-{{eyolopropyi(3-(3-fluorophenyl -S-(methyisulfonyli-d-ox0-

3, 4-dihydroquinazolin-2-vi methyllamine ipyrinidine-S-carbonitrite (Compound Say
NMR (400 MHz, if}fv‘.{S{}} § 836830 (m, 1H), 814 - 3.08 {m 2Hy, 7.91 {brs, 4H), 761
TAT (my, 1H), 747 - 731 {m, 1H), 7.24 - 734 (o, 1HY, 703 - 7.05 (m, TH), 4.65 ~ 4,88 (m,
1H), 3.48 (5, 3H), 1.60 — 148 {m, 1H), 0.60 — 038 {m, 3H3, 033 - 0012 (m, 1H). BES/MS
5211 (MHHY,

(802481 (8)-2 4-diamino-S-{{ovelopropyi{(3-(2-fluoropheny - S-fmethylsulfonyi)-4-ox0-

3, 4-difrydroguinazolin-2-yhmethyamino pyrimidine-S-carbonitrile (Compound 17a-1) '}
NMR (400 Mz, DMSO)Y & 834 {dd, =867, 2.3 He, 1H)Y, 8.16 - 308 {m, 2H), 700 - 7.56
{my, 4H), 7.50 - 738 {m, 4H), 721 (ddd, 7 = 82,63, 2.3 Ha, TH), 4553 - 448 {m, 1H), 3

{5, 3H), 146 {dt, J = 8.9, 5.0 Hz, TH), 0.59 - 0.50 {m, 1H}, .49 - (.35 {m, ZH), 004 - -0.12
(m, TH), BS/MS 5211 (viHY

02491 (832 d-diamino-&-{{eyclopropyl(3-(2-fluorophenyl)-S{methylsalionyli-d-oxo-

3 4-dibydroguinazolin-2-yDmethyl lamine)pyrimidine-S-carbonitrile (Compornd 17a-2% 'H
NMR (400 MHz, DMSOY & 844 (br g, 2H), 836 ~ 832 {m, 2H), 20~ 8.06 (m, 2H), 7.85
{hrs, 2HY, 7.65 (0, J = 7.6, 14 Ha, 1H), 739722 (m, 2H), 713 (ddt, = 8.5, 8.0, 1A Hz,
THY 478 < 4.56 (m, TH), 348 (5, 3H), 163 {qt, J= 8.9, S0 He, IH, 0821, J=87,49
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Hz, THL 0.44 {ddp, J = 131, 8.0, 4.7 He, 2H), 030 (dg, 7 = 101, 4.9 Hz, 1H), BY/MS 5211
(VHTY:

e8¢ (52 d-diamino-&-{{ovclopropyl(3-(2 &-difluorophenyi-S-{methvlsulfonyi }-4-
oxo-3,4-dibydroguinazolin-2-yhmethyDamino jpwimidine-3-carbonttrile {Compound Ga)y: H
NMR {400 MHz, DMSOY 8 846 (hrs, THY, 836 (dd, J= 581, 3.7 He, 1H), .19 - 813 (m,
IHY, T {bre, 3HY, T46~T38 (m, TH), 728 ¢, /=91 Hy, 1H), 708§ /= 88 Hz, 1H,
£02{, =87 Hz, 1H}, 349 {3, J=3H), 1L.74 - 162 {m, 1H), 0.72 — 0.63 {m, 1H}, 046 {m,
2H), .14 (n, TH) BS/MS 3381 (M+H Y,

0281 (8)»24-dlamino-O-{{oyclopropyl{ 6-Tluoro-3-3-fluorophenyl-8-odo-d-ox0-3,4-

diliydrogquinazoelin-2-viimethyl laminopyrimidine-S-carbonitrile;

02821 (5)24-diamino-G6-{{oyclopropyl{6-Huoro-3-phenyl-&-iodo-d-oxo-3 4«

dihydroguinazolin-2-yhmethyDaming ipyrintidine-S-carbonitrile;

{B02831  B»3+{(S-chlore-3-03,5diffvorophenyi}4-oxo-3, 4-dihvdroguinaeolin-2-y1-3-{{2,6-
diamine-S-cyanopyrimidin-4-ylsmine N, N-dimethylpropasamide (Compound Say 'H
NMR (400 MHz, DMSO) 8 7.89 (b, 1H), 782 (1, J= 8 Hz, 1H}, 7.66 - 7.62 {m, 2H), 7.38 -
7.32 ¢my, 1H), 7.29 - 7.26 {my, 1H), 738 - 7.14 {m, TH), 5.26 {m, 1K), 3.02 {8, 3HY, 2.76 (s,
IH), 269 (d, F 4.4 He, 28), 265 (d, J= 4.8 Hz, 2H). BS/MS 540.2 (M+H;

100284]  (83-3-(S-chloro-4-oxo-3-phenvid d-dihvdroguinazolin-2-v1-34{(2,6-Haming-5-
cvanopydmidin-d-ylmnino N, N-dimethyipropanamide (Componnd 10a): 'H NMR (400
Mz, DMSO 3 789 (bs, 1H), 780 (t, J=8 He, 1H}, 7.65 ~ 7.59 {xn, 2H}, 7.55 -~ 7.51 {m,
PH), 742 =731 {my, 4H), 525 {m, THD), 3.00 (8, 3H), 2,75 {5, 3H), 2686 (d, J= 4.8 Hg, 2H),
2.62 (d, J=4.8 Hz, 2H). BS/MS 5042 (MR,

BeEsst (52 4-diamine-8-{{3-Groyane-S-fhaorophenyl}-S-methyl-d-oxo-3,4-
dihydroguinazolin-2-yieyclopropyl nethyDamine jpyrimidine-S-carbonitrile (Compound
T1a). FE NMR (400 Mz, DMSC-ds) 8 .33 - 7.94 (m, 3H), 7.98 - 7.70 (m, 3H), 7.68 ~ 7.59
(r, 1H), 7.55 « 7.43 {my, 1HD), 7.45 — 7.29 (m, 1H), 4.44 {dt, J= 20.0, 8.2 He, 1), 272 {4, J
= 1.1 He, 3H), L6 (de, J= 133, 6.5 My, TH), 0.64 — 038 {my, 3H), 030 - 0,16 {m, 1H)
ES/MS 482.3 (M+H)

i
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103581 (532 4-dismino-6-({eyelopropyl(3-(3,5-difluorophenyl-S-methyi-d-oxo-3,4-
ditydroguinazolin2-ylimethyliamino jpyrimidine-S-carbonitrile {Compound 12a). "H NMR
{400 MHz, DMSO-d 8 7.73 (dd, J= 8.1, 7.4 He, 3H), 7.68 ~ 7.52 {m, 2H), 7.48 - 7.29 {m,
THL 732 -7.09 (m, 2H), 699 (4, J= 94 Hz, 2H), 455 (0, J=8.0Hy, 1H, 272, J=08
Hz, 3H), 1533 (d, = 8.8 He, 1H), 008 ~ 038 {m, 3H), 033 — 0.1 {my, TH). BES/MS 475.6
(MHH

28T (82 4-diaming-6-{{{5-chlore-3-03, 5-diftyorophenylpd-oxe-3 4~
diydroguinazolin-2-yixeyclopropyl puethylamine jpyrimidine-S-carboniirile {Compound
13a) 'H NMR {4@{) MHz, DMSO-dd § TR - 778 (my, THY, 771 (g, J=82, 1.2 Ha, 1H),

7.62 (a4, = 7.8, 1.2 Fz, 15D, 7.55 — 7.36 fm, 1H), 722 (6, =93, 2.4 He, 1H), 6.98 (84, 7
= 0.0, 2.6 He, 1), 4.54 (4, J= 8.1 Hz, 1H), 1.52 {de. J= 8.1, 4.2, 3.3 Hz, 1H), 0.64 — 0.36

{m, 3ED), 034 ~ 0.06 (m, TH). BSMS 4939 (M+H"y;

[BO2S8]  Sydd-diamine-g-{{oyclopropyi(3-03,5-diffuorophenyl)-Sfluoro-4-0x0-3 4~
dilydrogquinazolin-2-vhimethyDamino)pyrimidine-S-carbonitrile {Cumpouﬁé 1da). THONMR
{400 MHz, DMSC-dg) 8 7.91 (d, S= 8.3, 5.5 Hz, 1H}, 7.86 - 7.52 {my, 2H), 7.52 - 733 (m,
ZHL 72408, J=03 24 He, TH), 713 - 687 {my, IHL 4S8 (L /=80 Hy, 1H}, 1.53 (ddd, 7
= 13,1, 8.8, 5.2 He, TH), 0.66 — G.29 fm, 3H), 031 — 017 (m, 1H). ES/MS 4702 (V+HY;

and

{80389 (83 d-diamino-8-{{oylopropyi{t-Tluore-3-«3-flnorophenyii-4-0x0-3 4=
dihydroquinazolin-2-ylmethylamino jpyrimidine-S-carbonitrile (Compound 16a), 'H NMR
{400 MHz, DMSO-dg) 8 801 - 7.63 (m, 3H}, 7.61 - 743 (m, 2H), 743 - 724 {m, 2Hy, 7.27
- 681 (my, 3H), 455 (dt, J= 18,0, 8.0 He, TH), 147 {dd, J= 150, 78 He, TH), 0.64 -0.23
(oo, 3H), 0.23 - 0.04 (m, 1H) BS/MS 4611 (MAH) S12-(1 45 -acetyi-2,6-
diaminopyrimidin-d-yDaminojethyh-5-chlore-3-{3,5~difluorophenyl quinazolin-4{3H}-one

{Compound 18a).
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Nz {19)

1082887 2 4-diamino-6-{{(283-2-(5-chlore-3-03, S-ditfhuorophenyl bd-0x0-3 4~
dihvdroguinazolin-2-vi4-methoxypyrrolidin- -vpyrimidine-S-carbonitrile {Compound 18)
'H NMR (400 MHz, DMSO-dy) § 7.73-7.60 {m, 3H), 7.54-7.47 (m, 3H}, 7.21 {broad 5, 2H),
4,67 {brs, TH}, 4.34-4.29 {m, 1H), 3.99-3.94 (m, 1H), 3.72-3.70 {my, TH), 3,19 {8, 3H) 2,18
2.13 {rm, 1HY, 1.97-1.92 (m, 1HD). ES/ME 5253 (MAH

(20

el S32-(-({6-amino-S-bromo-2-methylpyrimidin-d-yhaminojethyh-5-chlore-3-
phenviguinazolin-4(3H}-one (Compound 20). 'H NMR (400 MHz, DMSG-dsy § 7.82 - 7.75
(o, TH, 765 (ded, = 8.2, 1.2 He, TH), 7.61 - 755 (m, 3H), 749 - 7389 {m, 3H), 491 {d, J=
T3 He, THY, 219 (s, 3H, 137 (d, J=6.7 He, 3H).
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BE63} Sp2-0 --{{'6~m’nim»&hrm“mﬁ»?»m@fhvimﬁmiﬁin«" ~yhamingethyl-S-chiore-3-

{3,5-diflnorophenyouinazolin-4(3H one (Compound 211 'H NMR (400 Mz, DMSO-ds)

8 7.85 ~ 7.78 {m, 1H), 7.69 (dd, /= 8.2, 1.2 Hz, 1H), 7.62 (dd, = 7.%, 1.2 He, 1), 7.57 -
751 G, TH), 7.43 = 7.33 (mmy, 1H), 7.16 - 7.10 (m, 1H), $.09 dd, J= 7.8, 6.4 Rz, 1H), 2.20

{s, 3H), 142 {, J = 4.7 Hz, 3H)L

N i:-‘:’:’:f \?x'
Ny 3
= e

002631 (§p24-dimnino-8-{{1-{5-Q-morpholincaethoxyy-4-oxo-3-phenyl-3,4-
dihydroguinazolin-2-yhethyljaminolpyrimidine-S-carboniirile {C ﬁmpmmd 2. THNMR
{400 MHz, DMSBO-ds) S9.59 (s, TH), 782 (1, J= 82 He, 1H), 7.60- 712 (brm, 2H), 7.57 -
7.39 {my, SH}, 735 {dd, /=82, 09 He, 1H}), 721 (dd, =83, 1.0 Hg, 1H), 709 . 8.74 (brm,
ZHY, 489 - 478 (m, 1H), 446 {q, /=49 He, 2H), 387 {d, J= 129 Hy, 3H), 362 - 3,41 {(m,
6H), 3.27 — 3.10 {m, 2H), 13044, /= 6.6 Hz, 3H). ES/MS 5282 (M+H).

¢
[N\f
oo #F
AN

H?\E\Y_,.N\\\ N
o
’,f..v"';\.\.\;'f“'N
N
MNH. {23)

264l {512, 4-diamnino-6-{{1-{58-3-{azepan-1-vijethoxy)-4-oxo-3-phenyi-3,4-
dihydroquinazolin-2-yhethyllamino pyrimidine-S-carbonitrile {Compound 23). 'H NMR
{400 MHz, DMSO-dls) § 912 {5, TH), 782 {t, J= 8.2 He, 1H), 7.63 - 7.22 (brm, 2H), 7.56 ~
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TA7 G, SH), 7.34 (84, J = 8.2, 1O Hz, TH), 7.21 - 6.84 (brm, 7H), 7.19 (44, 7= 8.3, 1.0 Hz,
TH), 4.50 ~ 478 (m, TH), 4.46 (¢, = 5.1, 4.5 He, 2H), 3.54 (g, J = 4.8 He, TH), 3.52 - 3.40
(r, 2, 3,35 - 321 €m, 2H), L81 - 167 (m, 28), 1.67 — 1.53 {m, 2H), 1.53 - 1.40 {m, 41,
1.31 €4, J= 6.6 Hz, 3H). ES/MS 5403 (M,

NH: o4

{B8268] (832 4-diamino-6-{{1-(¢-oxe-3-pheayl-3-2-(pyrrohdin- 1 -yethoxy)-3,4-
dihvdroguinazolin-2-vDethyl Jamine)pyrimidine-S-carbonitrile {Compound 24). 'H NMR
{400 MHg, DMSO-ds) § 9.36 (s, 1M, 780 {4, J=83 He, TH), 7.59 - 7.08 (brm, 2H), 7.55 -
T8 {m, SHL, 732 (d, =83 Mz, 1H, 720714 {m, TH}, 7.02 - 6.64 (brm, 2H), 4.85~
474 {m, 1H}, 4.44 — 430 {m, 2H), 3.64 — 353 {m, 45}, 323 - 308 (m, 2H), 2,01 - 185 (m,
25}, L83~ 165 (m, ZH), 1294, J= 6.6 Hz, 3H). ES/MS 5122 (M+H)

e \ff
N s

NH: s

002667 (Misopropyl 2-{(2-{1{{2,6-dlaming-S-cyanopyrimidin-d-vhamino bethyi-d-oxo-
3-phenyh-3,4-dibhydroquinazolin-S~yhoxyiacetate (Compound 235} H NMR {400 MHz,
DMSQO-de) & 770 (0, J= 82 He, 1H), 757 731 (o, TH), 7.24 (84, J= 8.2, 1.0 He, 1H),
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6.91 (dd, J= 2.4, 1.1 Hz, 1H), S.07— 489 (m, 1H), 483 — 474 {m, 3H), 1.26 {4, /= 6.6 Hz,
3H), LIS J= 6.0 He, 6H). BES/MS $152 0M+H).

Hgh {26}

{38387 (B2 A-diamine-&-{{1 {4d-ox0-5-2-Z-oxopyrrolidin- Lyhethoxyi-3phenyl-3,4-
diftydroquinazolin-2-yhethyl Jamine ipyrimidine-S-carbonitrile {Compound 26}, FNMR
(400 MHz, DMSG-dd § 7.97 - 712 by, 48, 772 (4, = 82 He, 1H), 7.55 - 735 {m, §H),
T2U(dE, =81, 09 Hy, 1H), 7.07 {dd, J= R4, L1 He, IHL 487~ 475 (m, THL 413 (4, 0=
3.3 He, 2H), 355 347 (my M), 234 (L =81 He, 2H), 18 {p, J=T5 He, 3HL 130 (4, J
= 6.5 He, 3H). BS/MS 526.2 (M+HN

82681 (Spdd-diamino-6-{{1-{5-Q-{dimethylaminojethoxyi-4-oxo-3-phenyh-3,4-
dihydroguinazolin-2-vi lethyDamino lpyrimidine-S-carbonitrile (Compound 27). 'H NMR
(400 MHz, DMSG-dy) 6 9.4 (brs, TH), 7.79 &, J= 8.2 Hz, 1H), 7.58 - 738 (m, SH), 748 -
716 (brm, 2H), 730 (dd, J= 8.1, 09 He, 1H), 714 (dd, J = 8.4, 1.0 Hz, TH), .90 (br s, 2H),
4.84 —4.71 {m, 1H), 4.44 - 436 {m, 2H), 350 {q, J= 4.6 Hz, ZH), 2.39 {5, 3H), 2.88 {5, 38,
£.29 ¢, F= 6.8 Hz, 3H). ES/MS 486.2 (M+R)

ile
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002681 (82 4-diamino-6-((1-{¢-oxo-5-{Z-oxo-2-(piperidin- I-yDethoxy)-3-phenyi-3,4-
dihydroguinazoin-2-yhethyDamino pyrimidine-S-carbonitrile (Compound 28). 'HNMR
{400 MHz, DMEO-d) 8 7.91 - 6.81 (brm, 4 H), 7.69 (ddd, J= 8.2, 7.4, 1.0 He, 1K), 745 (&,
G 2L, 8.9 He, SHY, 720, F= 81, L1 He, TH), 6.80(d, /= &3 He, 1H), 4.88 (s, 2H),
4,85 - 477 {m, THD, 344 — 333 (m, 4H), 1.58 - 1.34 {m, 6H), 1.30(d, /= 6.5 He, 3H).
ES/MS 540.2 (M+H

MO

N
T8 (832 A-diamine-&-{ {53 -hydroxy-2-(hydroxymethy-2-methvipropox y)-4-
oxo-3-phenyl-3,4-dihydroguinazolin-2-yjethyDaminolpyrimidine-S~carbonitrile {Compound
29). 'H NMR (400 Mz, DMSO-de} 8 7.93 - 6,91 {brm, 4 H), 773 (3, = 8.2 He, LH), 7.55
~ 736 {m, SHY, 719 (dd, J=R2, 08 He, 1H), 7.04 (dd, F==8.5, 1.1 He, 1HY, 484 472 {m,
PR, 388 (s, 2H), 346 — 331 (m, 43}, 1.30 /{4, /= 6.6 He, 3H), .87 (5, 3H). ES/MS 517.2
(MAHD,

yrrsts
ot
$
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R 30

BTl 832 4-diamine-O-{{1-{4-oxo-3-phonyl-5-2-(piperidin-1-vDethoxy}-3,4-
dihydreguinazolin-2-yhethyhaminopyrimidine-S-carbonitrile (Compound 301 'H NMR
{400 MHz, DMSO-dg) 3 0.06 (brs, 1H), 782 (L, J= 82 Hz, 1H), 7.63 - 7.24 (brm, 2H), 7.56
~ 739 {m, 3H}, 734 (dd, J= 8.2, 0.9 He, 1H), 720 (dd, /=83, 1.0 Hg, 1H), 7.01 {by g, 2H),
490 - 4.78 {m, 1H), 4.530 - 4.38 {m, 2H}, 356 {d, J= 127 He, 2H), 348 {g, /= 4.9 Hz, ZH),
289 (g, J= 113 He, 3H}, 170 (d, J= 143 Hz, 24}, 162 — 1410 {m, 3H), 137 1.26 {my, 1H),
1.31 ¢4, J= 6.7 Rz, 3H). ES/ME 526.3 (VM+H

Ho 31

0027 (Sr24-diamine-S-{(1-{4-oxo-3-phenyl-5-2-{$-phenvipiperazin-1-yethoxy)-3,4-
dihydroguinazolin-2-yljethyDamine jpyrimidine-S-carbonitrile {Compound 31). "H NMR
(400 MHz, DMSQ-d) 8 950 (5, 1H), 783 (4, =82 Hy, 1H), 7.79 - 7.29 {m, §H}, 729 -
A9 (m, 3H}), 7.03 {brs, 2H), 682 (dd, J= 8.4, L2 He, 2H), 6.87 {1, 7= 7.3 Hyz, 1H), 4.91 ~
479 (my, TH}, 4.58 - 4.44 {m, IH), 377 - 3.56 (m, 68}, 3.38 - 3,21 (m, 2H}, 2.90 - 2.74 {m,
2H), 131 {4, J=6.8 Hz, 3H). BR/MS 603.3 (M+H.
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E273] (8)2 4-diamine-&-{{1-{5-3-{Z-methyl- 1 Humidazol Lyhethoxykdeoxo-3ophenyl
3, 4-dibvdrogquinazolin-2-yhethylamino )pyrimidine-S-carbonitrile (Compound 32). 'H NMR
{400 Mz, DMSO-d;) § 787 {d, J= 2.1 Hg, 1), 7.84 ~ 7.55 (brm, 2H), 777 (4, F= 82 He,
THY, 755 - 7538 (my, 6H), 740 - 708 (brwn, 2H), 7.26 (34, J =82, 09 Hu, 1H), 7.04 {dd, F=
8.5, 1O Hz, 1H), 4.88 - 4.76 {(m, 1H}, 4.56 ~ 4.47 (m, 2H), 4.45 —4.36 {m, 28, 2.62 (5, 3H),
130 {d, J = 6.6 Hz, 3H). ES/MS 523.2 (M+H™

02741 2 4-damino-&-{{18)-1-(5-(2-{ L -methylpyrrolidinZ-yl jethox yh-deoxo-3-phenyl-
3 d-dihydroquinazolin-2-y jethyhlamine pyrimidine-S-carborndtrile (Compound 33}, 'H NMR
(400 MHz, DMSO-ds) 8 9.54 - 030 {m, 1H), 7.83 — 7.68 {m, 1H), 7.57 - 7.39 {m, $H), 7.28 -
.51 (brin, 4 HY, 7.27 - 7.08 (m, 2H), 513 - 4.93 {m, 1H), 486 - 4.71 {m, 1H), 3.84 - 3.29
(m, 2H), 329 - 313 (e, THY, 313 - 2.96 (m, 1H), 276 - 270 {m, 3H), 2.29 — 1.57 {m, 6H),
1.34 - 1.24 (m, 3H). ES/MS 5263 (M



WO 2015/200352 PCT/US2015/037234

)j"\\.

.,

\\f‘\i

o0 :ff'»”'\g

RN (34)

o878 (832 4-dlamine-6-{(1-{5<{{3-methyioxetan-3-vhHmethoxy-4-oxo-3-phenyi-3,4-
difivdroguinazolin-2-yDethyDamine jpyrimidine-$-carbonitrile {Componnd 34). 'H NMR
{400 MHz, DMSGedg) 6 770 (1, = B2 He, 1H), 785 - 730 (m, 5H), 716 (dd, J=R2, 09
He, 1ML, 706 (4, J=8.1 Hz, 1HL 674 (d, = 7.0 He, 1H), 6.53 {5, 2H), 6.23 {5, 3H), 4.68 -
4,58 {m, 1H), 4.46 (d, J= 57 He, 2H), 421 {dd, J= 5.7, LO Ha, 2H), 411 {5, 2H), 134 {5,
3H), 122 (d, J= 6.7 Hz, 3H) BS/MS 499.2 (M+H).

g g
i‘, T M
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N i e -
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#2761 (S 4-diamine-6-{{1-{5-(2-morpholine-2-oxoethoxy)-4-oxo-3-phenyl-3 4-
difydroguinazolin-2-yhethylJamino pyrimidine-S-carbonitrile (Compound 351, H NMR
{400 MHz, DMSBO-dg} 8 7.97 (brg, 1H), 7.77 (ors, TH), 774 - 7.64 {my, 1H), 7.63 - 7.09 (by
my, 2H), 7.62 - 726 {my, SH), 725 - 715 {mo, TH), 6,97 - 6,88 {m, 1H}, 4.98 - 4.88 {m, 2H},
4,89 — 4,45 {m, TH), 3.61 — 331 (m, 8H}, 136~ 116 {m, 3H). BS/MS 5422 v+
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MR 36

BerTT P2 A-dianuine-6-{{1-{3-{2-(d-methyipiperidin- L-yl}-2-onpethony}-d-ox0-3-
phenyl-3,4-dibydroguinszolin-2-ylethyhaminejpyrinddine-S~carbonitrile (Compound 3861
YHONMR (400 MHz, DMSO-de) 8 802 - 7.54 (e, 2H), 7.69 ¢4, J= 8.2 He, 1H), 7.58 - 7.31
(o, SH), 749 092 (bran, 2H), 720 (dd, J= 8.1, (.9 He, 1H), 689 (dd, J= 8.5, 1.0 He, 1M},
489 (s, IH,L, A6 - 478 {m, 1HL 423, = 13.0Hg, 1H), 382 {d, F= 136 He, TH), 2.96
{t, /= 1.8 He, 1H), 2.59 ~ 2,49 (m, TH}, 164~ 148 {m, 3H), 130, J=0.6 Hz, 3K, 116
~ (.88 {m, 2H), .85 {4, J= 6.1 He, 3H). BS/MS 554.3 O+

Ba3TR (8320142 S-diamino-Soyanopynimidin-d-yDaminoethyi b4-oxo-3-phenyl-
3 d-dihydroquinazoin-S-vDpropanamide (Compound 375 'H NMR (400 M8z, DMSO-d) 8
RO4 - .00 Grm, 4H), 773 (dd, =8, T4 Hy, TH), 755 ¢4dd, J=82, 1.2 He, 1H), 7.53
TAT {my, SHY, 734 {dd, F= 7.6, 1.3 Ha, TH), 715 {g, 1H), 6.69 {3, 1H), 4.94 ~ 482 (m, 1H},
334 {0, J=76He, 2H), 237 — 228 {m, 2H), 133 (d, J= 6.6 Ha, 3H). ER/MS 4702
(M



WO 2015/200352 PCT/US2015/037234

08379 (832140 6-dimmino-S-cyanopyrinidin-4-yhamino Yethy -8-fuoro-4-0x0-3-
phenyl-3 4-dihydroguinazolin-S-yipropanamdde (Compound 38). "H NMR {400 MHz,
DMBO-de & 789 - 745 (brmy, 3H), 7.62 (dd, = 10.0, 3.4 Hg, 2H), 7.52 - 7.44 (m, ZH),
ToAS T3 (my, A, T30 (A, S B4, 5.0 Hy, TH), T3 {5, TH), .67 (s, TH), 4.93 ~4.82 {m,
THY, 327 4, = 7.5 Hey 2H), 233 - 224 (m, 2H), 1.32(d, J=46.7 Hz, 3H). BR/MS 488.2
OV

Ak, {39)

182881 (8)3-2-(1-{(2.8-diamine-S-ovanopyrimidin-d-yhaminolethyl 1-3-3,5-
difluerophenyl-8-Ruoro-d-oxo-3,4-dihydroquinazolin-S-yhpropavamide {Compound 38).
HONMR (400 MHz, DMSO-ds) § 7.76 - 6.79 (be m, 483, 7.65 (dd, J= 10.0, 8.4 Hz, 1),
744 ¢{d, S= 02 He, 1HD), 736 -7.23 (o, ZH), 721 - 7.07 (m, 2H), 6.68 {5, TH), 5.03 — 491
{m, 1H}, 327 {6, J= 7.6 He, 2H), 230 (4, J=T.6 Hg, 3H), 1.37 {4, J= 6.5 Hz, 3H). BY/MS
$24.1 (WHETY
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602811 (B5-3-2-(1-{{2.6-diamino-S-cyvanopyrimidin-d-yaminojethyl}-3-(3,5-
difluorophenyl-4-ox0-3,4-dihydroguinazolin-5-ylipropanamide (Compound 403, 'H NMR
{400 MHz, DMSO-de) § 7.95 - 6.82 (brmy, 4H), 777 — 7.67 (m, TH), 7.59 - 7.52 {m, 1H),
T4 {d, S 00 M, I, 734 @, F=77, 13 He, IHL 7270, F=92, 2.8 He, 1H), 731 -
T.09 {my, TH), 6,68 (5, 1HY, 503 - 489 G, 1H), 3320, J="T.6 Mz, OH), 231 (4, J="7.6 Hz,
IH), 136 (d, 7= 6.6 He, 3H). ES/MS 506.1 (M+H),

NHa  g4)

TOO282Y  (SR32-(0 (2. 6-diamino-S~-chloropyrimidin-d-vl jaminoethyl}-3-{3,5-
diffuoropheny)-S-fluore-4-ox0-3 4-dihydroguinazolin-S-yhpropanamide (Compound 41),
YHONMER (400 M, DMSO-da) 8 1139 (ors, 1HY, 776 (6, 1THD, 7.70 (dd, J = 10.0, 8.4 He,
THY, 757 - 741 (m, 3H), 739 - 725 (b, THY, 738 (dd, J= 8.5 S0 He, IHL 731 (4, J=
93, 24 He, THY, 718 (s, 1H), 707 (d, J= 88 Ha, TH), 673 {5, 1H), 5.08 - 498 fm, 1H),
337 325 {m, 2K}, 2.34 {dd, J= 8.3, 6.8 Hg, 2H), 1.44(d, J= 6.6 He, TH), BS/MS 3331
MHH.

123
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Ny (47
{B0283] (83-3-2-(1-{{2,6-diamino-S~chloropyrimidin-4-yhaminolethyl 133, 5
diffuorophenyeoxo-3 4-diydrogquinazolin-S-yipropanamide (Compound 423, 'H NMR
(400 Mz, DMSO-e & 1154 (be g, TH), 786 - 7.71 {m, 2H), 7.62 {dd, J= 8.1, 1.3 Hz, 1H)},
782 (s, 2EY, TS - 74T (my, THL T30, =05, L3 He, TH), 7310, =94, 2.4 He,
THY, 749 (s, 1H), 7,14 - 7.02 (my, 1), 6.73 {8, TH}, 508 - 493 {m, 1H}, 2.54 ~ 2.48 {m, 2H),
242 —2.29 (m, 2H), 2.08 (5, 0H), 143 (4, F = 6.6 Hae, 3H). BS/MS 5151 (M+HN.

{B02841  (8R3-00-00 {2 6-digmine-S-chloropyrimidin-d-yhaminoethyh-4-oxo-3-phenyl-
3 d-dihydroguinazolin-S-ylipropanamide (Compound 43). HONMR (400 M, DMSO-de) 8
PR3R (s, 1HD, 779 ¢4, J=T3 He, 1H), 7735 (dd, J= 8.3, T4 Hy, B, 759 (dd, /=82, 1.2
Hz, 1H), 7.57 - 7.48 {m, 4H}), 7.45 — 738 (o, 3H), 736 (dd, /= 7.6, 1.3 Ha, 1H), 717 (s,
THY, .71 (s, 1HY, 4.95 - 4.83 (m, 1H), 3.42 - 329 {m, 2H), 2.34 {dd, J = 8.4, 6.8 Hg, 2H),
137 (d, 0= 6.7 Hz, 3H). BS/MS 4792 (M+H).
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{0285
phenyl
DMSC-de) 6 7.71

SOHe, 1HY 725 (brs, 2H), 718 {s, 1H}, 6,72 (5, 1HL 495 - 485 (m, 1H}, 3
2.29 {m, 2H), 1.38 (4, J= 6.6 Hz, 3H). BS/MS 4971 (M+H L

2H), 2.38 -

2
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[0286]

dihydroguinazolin-2-yhethvljamine jpyrimidine-S-carbontivile {Compound 45}
{400 Mg, DMSO-d} § 937 (brs, TH), 778 (dd,
&1, L3 Hg, TH), 7.57 - 740 (mn, SH), 7.37 {dd, J =
w343 oy, 2HY, 325 - 3.00 (my, 4H), 2,80 - 2 &8
2, J= 6.6 Hez, 3H) BSO/MS 5102 VN

2H), 7.59 {dd, J =

5.84 (br m, 2H), 4.92 — 4.80 (m, TH), 3.55
(m, 24, 2.03 — 1.69 {m, 6H), 1.3

{44

@5

125

Tom 2 7
g T

A Hz, TH), 7.69 -
T3 L He, 1H), 720

PCT/US2015/037234

{S}-3-2-(1-{2 6-diamino-S-chloropyrimidin-d~yvDamino eth v -8-huoro-4-0x0-3-
-3, 4-dilydroguinazolin-S-viipropanamide (Compound 44), TH NMR (400 Mz,
- 703 {my, 3H), T.59 - 751 {m, 3H), 751 — 738 {my, SH), 735 {d4, J= 8.4,

37 -3189 {m,

{5}-2 4-diamino-6-{{1-{4-oxe-3-phenyi-3-3-{pyrrolidin- L-yhipropyi-3,4-

"M NMR

7.35 {brm,
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{46}

(00287 (82 4-diamine-8-{{ 1-{d-ox0-3-phenyh-5-(3-{piperidin-1-yhpropyl-3,4-
dihvdroquinazolin-2-yhethyljaminolpyrimidine-S-carbonitrile {Compound 46). 'H NMR
{400 MHz, DMSO-ds} SRE2(br g, IH)L, 778 {dd, /=81, T4 Hy, THY, 738 {dd, J=82, 1.2
He, THY, 7.56 - 740 (m, SH, 7.37{d, J = 7.5 Hz, 1H}L7.35 - 648 (br m, 4H), 4.90 - 476 {m,
PHY, 338 (d, J= 122 He, 2H), 324 - 310 (m, 2H}, 310 - 2.98 {m, 2H), 2.88 - 2,73 {m,
ZHY, 198 - 1.83 (m, 2H), 174 (4, /=136 Hz, 2H}, 1.60 — 1.44 {m, 4H), 1.30{d, J= 6.6 Hz,
3HY ES/MS 5243 (HHED

NH:  am
{9388 (52 4-diamino-6-{(1-(5-(3-03 3-diffuoropyrrolidin- L -viipropyl 4-oxo-3-phenyi-
3 4-dibvdroguinazolin-2-vhethyDamine)pyrimidine-3-carbonitrile (Componnd 47). 'H NMR
{400 MHz, DMSO-d) 8 7.71 (4 J= T8 He, TH), 7.60 - 743 {m, 6H), 730 {0, /= 7.6, 1.3
He, 1H), .78 {d, J="T7.2 He, 1H), 6.55 {s, 23}, 6.25 {5, 2H}, 4.78 - 4.66 {m, 1H), 318 - 3.08
{my, 2H}, 280 (4, S = 138 e, 2H), 261 {6, F= 6.9 He, 3R, 240 (4, /=73 Hz, 2H), 2.25 -
2,08 fm, 28D, 173 — 1,59 {m, 2H), 126 (4, J = 6.6 He, 3H). BR/MS 5462 (M.
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{00388 (8)24-dlamine-6-((1-{5-(3-{4 4-diftuoropiperidin- L-yDpropyi-deozo-3-phenyl-

3, 4-dibydroguinazolin-2-yhethyDaminepyrimidine-S-carbonitrile {(Compound 48), "H NMR
{400 MHz, DMSO-d) 3934 (5, 1H), 780¢d, =78 He, TH}, 7.59 (dd, F= 8.2, 1.2 He, 1H),
T87 - 740 (m, SHY, 737 (dd, =75, L2 Hz, 11}, 740 - 6.52 (brm, 4 H}, 4.91 - 480 {m,
FH), 3.64 ~ 3.5 (my, 2H), 328 - 3.00 {m, 6H), 238 - 2,23 (my, 2H), 2.23 - 2,00 (m, 2H), 188
~ 1.85 {m, 2H), 131 {4, J = 6.6 Hz, 3H). BS/MS 5602 M+

N

o
L\\,’.v‘"' N .,
i

N 49

002907 2 4-diamino-0-{{(1 8- 1-(5-03-(3, 5-dimethylmorpholinojpropyl }-d-oxo-3-phenyl-
3,4-dihydroguinazolin-2-ylethylamine)pyrimidine-S-carbonitrile {(Compound 49). 'H NMR
{400 MHz, DMSO-dgy § 970912 (brm, 1HL 7.79(0d, J= 82, T4 He, 1), 772 - 728
{m, 9H}, 7.08 (brs, ZH), 488 {{, /= 6.8 Hz, TH), 439 - 3.62 {m, 2H}, 3.31 - 291 (m, 6H},
265 - 2.53 {rn, 2R, .03 — 182 {m, 2H), 140 — 118 (my, 3H), 113 - 0,96 (m, 6H). BS/MS
854.3 (MHTL
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092911 (8 ddiaminge-6-{{1-(8-luoro-d-oxo-3-phenyl-5-3-(pyrrolidin-L-ylpropyl-3,4-
dibvdroquinazolin-3-vhethyDamino jpyrimidine-S-carbonitrile {Compound 505 'H NMR
{400 MHz, DMIOd) 8 936 (s, 1H), 767 dd, =99, 8.3 He, 1M}, 759~ 737 (m, §HY,
T33(dd, J=8.4, 49 Hz, 1H}, 730 - 6.6 (m, 4H), 4.92 - 478 {my, 1H), 3.55 - 338 {m, 2H),
3.20-3.03 (m, 4H), 297 - 2.83 {m, IHY, 2.03 - 1.68 {m, 6H), 131 {(d, J= &7 Hg, 38
ES/AMS 528.2 (M+HT).

(51

003921 (8)2 4A-diamine-6-{(1-{3-3,5-dilfluorophenyidoxo-3-{3-{pyrrolidin-1-

yhipropyi 3 d-dihydroquinazolin-2-yhethyhamino ipyrimidine-S-carbonitrile {Compound
311 'H NMR {400 MHz, DMSO-da) 8 9.37 (brs, 1H), 778 (dd, J =182, 7.4 Hz, 1H), 7.69 -
§.68 (hrm, 4H), 760 {dd, J= &1, L2 He, TH), 748 - 7410 (o, TR, 73708, =75, 1.3 Hy,
I, 72908, S =93, 2.3 He, 1H), 715, =90 He, 1H), 5.00 - 4980 {m, 1H), 3.54 - 3.40
{m, 2H), 3.24 — 3.06 {m, 4H), 2.99 — 2,84 {m, 2H), 2.02 — 1.67 (m, 6H), 136 (4, 7= 6.5 Mz,
AH). BS/MS 5462 MH
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BER83 (Nr24-diamino-6-{{ 15-3~(2,2-dimethyimorpholinojpropyl-4-oxo-3-phenyl-
3,4-dihydroquinazelin-2-yhethyDaminolpyrimidine-S-carbonitrile {Compound 52}, 'H NMR
{400 MHz, DMSO-d) 8 911 (s, 1), 776 (dd, J= 8.2, 7.4 He, TH), 7.68 - 7.31 {m, TH},
TH7{Ad, S=82, 1.2 He, TH, 735 (dd, J= 7.5, 1.3 He, 11, 7.00 (brs, 2H), 4.92 - 4.78 {m,
TH), 3,78 - 363 (m, 2H), 345 - 315 Gm, 3H), 3,18 - 2,93 (m, 3, 2.93 - 277 (m, 1), 2.77
~3.65 {my, 1H}, L8 — 181 {m, 2H)}, 1.37 -~ 1.26 (m, 3H), 1.22 — 113 {m, 38}, LO8 (5, 3H).
HR/MS 8543 M+

o e
™ e fff':\j
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e "&\\i\:\‘ N w f*"‘g;"’

[082%4)  (Sr2d-diamino-8-{1-{5-G3-(3,3~dimethyimorpholino}propy -4-oxo-3-phenyl-

3 d-dibvdroquinazolin-2-yDethyvDamino pyrimidine-S-carbonitrile (Compound $33. "H NMR
(400 MHz, DMSQO-dg) 6 9.26 (s, 1H), 7.91 - 7.60 {m, 3H, 7.61 - 7583 {m, 1M}, 7.53 - 7.12
{m, BH}, $.94 ~ 481 (m, 1H), 384 - 3.84 {m, 1H}, 3.65 - 348 (m, 2H), 3.40{(d, 7= 12.6 Hz,
TH), 337 - 2,66 {m, SHY, 292 - 2.76 Gm, TH), 2.02 - 1,74 {my, 3H), 134~ 128 {m, 3H), 1.26
(s, 3H), 1.20 (8, 3H). ES/MS 5543 (M)
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{80298 (8124 diamine-6-{{1-{d-0x0-3-phenyl-5-3-(2,2,6,6~
tetraflnoromorpholinopropyl -3 d-dihvdroguinazolin-2-yljethyDamino pyrimiding- 5«
carbonitrile {Compound 54}, 1 NMR {400 MHz, DMSBO-da) 8 £.04 {(brs, 3H), 7.90 (br s,
AH), T2 =T 8 He IH), 733 (dd, = 8.2, 1.2 He, IH), 7.52 - T84 {m, SH), 7.31 (dd, 7
=78, 1.3 He, 1H), 493 - 482 (m, TH)Y, 320 - 3.02 (m, 6H), 251 (4L J=73 Hg, 20}, 1.6% {p,
J=7.86Hz, 2H}, 1.31 {4, J= 6.6 Hz, 3H), BS/ME SOL20M+HY

g F
N
i\\ O (:3“’:\?
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F Hﬁi\TN %f.NHg
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: Ny {55}

80386 (5y2 4-diamine-6-((1-(5-(3-3, 3~ difluoropyrrolidin-1 - ylipropy}-&-fluore-4-oxo~
3.phenyl-3 d-dihvdroquinazolin-2-vliethyhaminopyrimidine-S-carbonitrile {Compound §35).
HNMR {400 Mz, DMEBG-) & 1046 (brg, TR, 772 (dd, J= 0.8, 83 My, TH), 7.63 ~ 7.41
{m, 6H), 741 - 713 (brm, 2H), 7.37 {dd, J= R4, 4.9 Hz, 1H), 7.09 (brm, 2H), 496 - 4.84
{m, 1H), 4.00 (s, 1H}, 3.71 {5, 3H), 3.46 - 2.98 (m, 4H), 279 - 2.35 {m, 2H}, 1.94 - 1.73 {m,
2H), 135 {d, J= 6.8 He, 3H). BS/MS 5642 (MHH)
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G697 (82 4-dismino-6-{{oyelopropyiid-oxo-3-phonyl-5-G-{pyreolidin-{ -yDpropyl-
31, 4-dibydroquinazolin-2-yhmethyllaminoepyrinddine-S~carbonitile (Compound $8). 'H
NMR (400 MHz, DMSO-d) § .45 {8, THY, 781 (4, 7= 7.8 Mz, 1Hy, 7.83(dd, J=82, 1.2
Hz, TH), 7.59 ~ 733 {m, 5H3, 732 - 673 (brm, SH}, 468 {1, J=T7.7 He, 1H), 347 - 326 (m,
2HY, 3285 - 308 (m, 4HD), 294 (brp, S= 8.0 He, ZH), 2.06 ~ 169 {m, 6H), 1.44 - 129 (m,

PR, 651 — 031 o, 3H), 0.08 - 0.01 {my, 1H). BE/MS $363 (M+HL

T
NA_;:"‘%E,. o e N

NH, (57}

[HRI98] (8)24-diamino-S-{{eyclopropyl{d-oxo-3-phenyl-5-G-(piperidin-1-yDpropyl 3,4~
diydroguinazolin-2-ylimethyDamine dpyrimidine-S-carbondirile (Compound 373 "H NMR
{400 MHz, DMSO-de} d 922 (5, IHL 779 (4, T = 7.8 He, TH), 704 - 743 {my, 6H), 738 ¢4, 7
=74 Hz, 1H), 6.63 {5, 2H), 645 {d, /=79 He, IH), 624 (brs, HL 472 (1, /= 7.5 Hz, 1H),
3.46 - 330 (m, 2HE 308 (1, J= 7.8 He, 3K}, 3.04 (5, 2H), 2.89 - 2.74 (m, 2H}, 2.03 - 1.88
{m, ZH), LE2 — 147 (m, SH), 143~ LIS (m, 3H), 044 — 029 {m, 3HD), .04 — -0.08 {m, 1H).
FS/MS 5503 (M+HD
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082091 (82 4-diamino-S-{cyclopropyl{8-Huoro-d-oxo-3-phenyi-5-3-{pyrrolidin- -
yiipropyl}-3.4-dihvdroguinazolin-2-yvhmethvsmino lpyrimidine-S-carbonitrile {Compound
5%), TH NMR (400 Mz, DMSO-de) § 243 (5, 1H), 7.69 (4, J = 8.8 Hz, 1H), 7.62 - 7.15 (m,
THY, 6.94 (brs, 2H, 471 - 4538 (m, 1H}, 399330 (m, 2Hy 311 (5, 4H), 2.99 - 2.82 {m,
JHY 2.03 - 187 (m, 6H), 147 - 150 (m, 1H), 0.52 - 029 (m, 3H), 0,12 — -0.08 (m, 1HL
ES/MS 554.3 (MH+H

~ e
F H§,fNQKNH;
N{Lj §

NM, {39

08308 (8r24-dismine-6-{{oyclopropyi{8-Buore-4-oxo-3-phenyl-5-3-{piperidin- I -
yhpropy! -3 4-dibvdroguinazolin-2-yimethyDamino jpyrimidine-S-carboniteile (Compound
59}, 'H NMR (400 MHz, DMSOde) 8 9.05 - £.90 Gy, 1H), 7.75 — 7.65 (m, TH), 7.65 - 7.41
(my, 6HY, 738 (s, 2H), 728 (s, 1H), 703 (brg, ZH), 4.70 - 438 m, TH), 3,42 - 330 {m, 2H),
3.22 - 2.94 {m, 44}, 2.85 - 2.68 (m, 2H}, 1.93 - 178 {m, 2H), 1.78 ~ 1.68 {m, 2H), 1.66 -
112 (m, 6H), 0.52 - 031 {m, 3H), 11 - 002 (m, THDL BS/MS 5683 (M+HTY
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88381 (S)2-amino-d-chiloro-6-{{cyclopropylid-oxo-3-phenvl-S-3-{pyrrolidin-d-
vipropyl}-3,4-dibydroguinazolin-2-yhmethyhaminopyrimidine-S-carbonitrile {Compound
601 TH NMR (400 MHz, DMSO-da) § 938 (s, 1H), 7.77 (dd, =82, 7.4 He, 1H), 7.64 -
758 {my, ZH), 743 (ddd, S= 79,59, 3.4, 15 Hy, 3HL, 736 (dd, S 7.5, 13 He, 1H), 7.32 -
T8 G, 3H), 708 s, TH 459 (1, J= 7.9 He, 1H), 3.96 - 3,62 {m, 2H}, 3233 - 3.07 (im, 4H),
87 283 (m, ZHY 200 ~ 169 O, MY, LS = 138 (my, 1H), 053 - 8033 (i, 3H), 010 -
0.01 (m, 1H). ES/MS 5552 (M+H)

T
’_f"..-" .-"'.-N
F
NHz  (65)

983021 (532 4-dlamino-6-{{1-{5-3-cyclohexylpropyhi-d-oxo-3-phenyi-3 4-
dihvdroquinazolin-2-ylethyl lamino ypyrimidine-S-carbonitrile (Compound §5). 'H NMR
{400 MHz, DMSO-de) & 8.13 (br g, 2H), 798 (brs, 2H), 7.97 - 7.69 (m, TH), 757 - 747 {my,
3, 747 T30 (my 3HE 732444, S= 75, T3 He, 1HL 481 (p, F=67 Hey, TH)L, 3120, 0=
7.7 He, 2H), 1.68 — 1,46 (m, TH), 134 {d, J= 6.6 He, 3H)}, 1.24 - 1.00 {m, 65, 088 - 0.72
{m, 2H). ES/MS 5233 (M+HD.
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03031 (8)-2-aming-d-chioro-6-{{1-{S-chloro~8-flucre-d-0x0-3-phenyl-3,4-
dihydroguinazolin-2-yDethyliamino jpyrimidine-S-carbonitrile (Compound §6). 'H NMR
{ﬁi{‘sa} MHz, DMSO-dy $ 783 {4, J= 69 He, 1H), 776 dd, /=96, 87 He, 1H), 768 {dd, J=
8.8, 4.5 He, 1H), 7.56 — 7.46 {m, 2H), 7.46 - 7.33 {m, 3H), 726 {g, 1H), .94 — 4.84 {m, 18},
1.37 {d, J=6.6 Hz, 3H). HES/MS 470.0 .

.v\.g\\_r,.«' o N ~
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HoM N N

{06384 (832 4-damino-6-2S-chlore-3-(3, S-difluorophenyl-4-oxo-3,4-
diivdroguinazolin-2-vhazetidin- 1-yDpyrimidine-S-carbonitrile {Compound 67). 'H NMR
{400 MHz, DMSG-dg) 8§ 7.88 - 773 {m, 1M, 765 (&, J= B2 He, 1H), 756 (dd, 7= 223,81
Hz, 2H), 7.45 ~ 7.22 (m, 24D, 4,10 {5, SH), 2.56 — 2.50 {m, 2H), 2.34 — 2.08 {m, 2HLES/MS
4811 (MY,

O o
i\\q\ o \N.«"‘K El
DY
L\‘\, N.«‘f \\E\
NN J
S
N\\,,.""'\,\
\E Wy
NH; {68}
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183051 (82 4-diamino~6-(2-{5-chloro-4-oxo-3-phenyi-3,4-dihydroguinazolin-2-
yhazetidin- Lyl ipyrimidine-S-carbonitrile (Compound 681 "H NMR (400 MHz, DMEO-dg) 8
8.02 - 7.65 {m, 2H), 7.72 - 7.49 {m, 4H}, 742 {s, 3H), 5.25-5.20 {my, 1F]), 4.45-4.15 {m, 4H},
TG - 249 G, THY, 239 - 170 (m, 1H). BR/MS 4481 (VMY

GO308]  (S34-2-(1{{2,6-diamino-S-cyvanopyrinidin-d-yhamino jethyh-d-oxo-3-phenyl-

3, 4-dibvdroguinazolin-S-yl batancic acid (Compound 691, "H NMR (400 MHz, DMIO-do) 8
8.02 (s, 1H), 7.84 {5, TH}, 7.77 - 7.65 {m, 1H), 761 - 740 {(m, 4H), 728 {dd, /= 7.3, 1.3 Hx,
TH), 4.87 {p, /=67 He, 2H), 313 {dd, =88, 6.4 Hz, 2H), 217 (4, J=7.6 Hg, 2H), 1.73 {p,
J= 7.7 He, 3H), 132 (d, F = 6.6 Hz, 3H)L (E/ME 4851 (M+HY

¥

H

H
o

A

¢ oM
H

/
et
\.-..-/

NHe ()
3T S22 5-dlamino-S-cvanopyrimidin-d-yljpyrrolidin 2y deoxo-3-phenyl
3, 4-dihydroguinazolin-S-yvbutanoic acid {Compound 703 'H NMR (400 MHz, DMSO-de) §
TR, =77 Hz, 1R}, 7.79 - 7.35 {m, 5H}, 7.30 - 677 {m, 1H}, 470 {5, 3H), 4.27 - 3.60

o, 4HY, 311 {did, J= 283, 13,0, 7.5 Hz, 3H), 2.30 - 1.95 (m, 3H), 1.98 — 1.28 {m, 4H).
EY/MS 51T VR
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83881 (SH4-(2-{1~((2 f-diamino-S-oyanopyrimidin-4-yDaminoyethyl 1-3-{3, 8-

diffuorophenyl-4-oxo-3,4-dihydroguinazolin-S-yhbutancie acid {Compound 71). 'H NMR,
{400 MHz, DMSO-de) 8 815 « 7.60 (m, 4H), 787 (dd, J= 8.2, 1.2 Hy, 1H), 7.49 - 740 (i,
TH), 7.36 - 7.20 (wy, 210), 707 - 6.9 (my, 2HL 496 {p, J=6.T He, 1M}, 314 (dd, 7= 8.8, 8.0
He, 3H), 28, =76 He, ZH), L74 {p, =78 Hz, 21, 137 {d, J= 6.6 Hz, 3H). ES/MS

3201 (MHHY

MM (TN

[RE3098 (832 4-diamine-6-{2-(3-(3-Huoropheny-S-{methylsulfony-d-oxo-3,4-
dihydroguinazolin-2-yhpyrroldin-1-ylpyrimidine-S-carbonitrile (Compound 72) 'H NMR
{400 MHz, DMSOY S 827 (d, J= 7.6, 1.4 He, 1H)}, 804 - 788 {m, 3H), 7.79 - 7.38 {m,
4HY, 4.84 — 4,68 (m, 1H), 405 (brs, 1H}, 3.80{d8, J= 101, 7.5 He, TH}, 3.48 (5, 3H), 2.09
(hra, 2H), 191 ¢hrs, THY, L85 — 170 (m, TH). BS/MS 5211 (M+H™Y,
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883181 (832 4-diamine-0-{2-3-{Z-flucrophenyl 3 S-{methylsulfonyli-d-ox0-3 4~
dihydroquinazolin-2-vlpyrrolidin- - jpyrimidine-3-carbonitrile {Compound 73): 'H NMR
(400 MHz, DMSOYS 827 (dd, T = 7.6, 1.5 Hz, 1H), OS5~ 7.94 {m, 3H), 7.77 ~ 7.56 {m,
MY, 746 (d, F=7.6, Le He, TH), 7.25 (brg, 2H), 4.69 - 4.60 {m, 1H), 4.14 - 4.02 {m, 1H),
3.95 ~ 383 {my, TH), 3,48 (s, 3H)Y, 229 - 2018 {m, ZH), 2.03 - 1.90 {m, ZH). ES/MS 5211
H;

%x" G F\w,ﬁ;\'

O i
,»J\ A f\ g
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““‘RN
N, {74)

BE3Y (52 4-diamine-6-{2-(3-{2~-Hoorophenyl i-3-{methvisalfony-deoxo-3 4~
dibydroguinazelin-2-vhpyrrolidin--yDpyrimidine-S-carbonitrile (Compound 74 TH NMR
{400 MHz, DMSO S 829 {dd, J=7.6, 1.4 Hz, 1H), 8.06 - 7.94 {m, 3H), 7.73 ~ 7.684 (i,
THY, 7.56 {ddd, T = 8.8, 8.4, 1.3 He, TH, TAR (&, T= 0.7, 13 Hy, 1H), 493 (brs, 1H), 4.01
(brs, 133, 3.94 — 3.85 {m, 1H), 3.48 (s, 3H), 108 ~ 1.66 {m, 4H) BS/ME 8211 (M+H™ Y
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a3 82 4-diamino-6-(2-(3-(2,&-difluorophenyi}-S-tmethyisulfonyli-4-0x0-3 4-
dihydroguinazolin-2-yhpyrrolidin: - vDpyrimidine-S-carbonitrile (Compound 75y "H NMR
{400 MHz, DMSOY 6 829 {dd, 1=7.6, 14 He, 1H}, 806 {dd, I = 8.2, 7.6 Hz, 1H), 7.99 {d4,
F=82, 14 He, THY, 7.78(ddd, J =150, 8.6, 64 He, 1H), 758 - 747 718 {m, 3H), 718 (I
8, 2H} 4.89 - 4.84 {m, TH), 4.05 - 3.97 {m, 1H}, 3.94 - 383 {m, 1H), 348 (5, 3H), 2.25 -
2.09 {m, 1H), 2.09 — 1,82 Gm, 3H). BES/MS 5387 (M+H Y

Ny {76)

/0313 82 d-diamine-6-{{1-3-3-Huorophenyld-ox0-5-{ phenvisulfonyl}-3,4-
dihydroquinazolin-2-yliethylamine )pyrimidine-S-carbonitrile (Compound 78) 'H NMR
{400 MHz, DMSQOY & 8.54{dt, T =76, L3 Ha, THY, 818 8.04 {m, 3HYL, 7.72 - 787 (m,
JHY, 788 752 (o, SH), 727 —T.01 (m, SH)L 489 {q. =67 He, 1H), 1.32{d, I = 6.6 Hz,
IH)L ES/MS 5671 (MHH Ty
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B34 (82 4-dlamine-6-2-(3-C-fluorophenyl-S-{methylsalfony)-4-oxo-3,4-
dihydroquinazolin-2-yhpyrrolidin- 1 -yDpyrimidine-S-carbonitrile (Compound 77 H NMR
(400 Mz, DMSOD) 8 847 L =77, 1.1 He, 1H), 808 - 799 (m, TH), 7.94 {(dg, J = 8.3,
1.1 He, 1HY, 784 - 767 fm, 3H), 7.67 719 (m, BH), 4.70 — 4.59 (m, 1H), 4.06 ~ 395 (m,
THY, 3.99 - 3.81 Gy, THD), 2083 — 193 Gm, 2H), 1.92 — 1.80 {my, 1HD, 172 — 161 {m, 1HL
ES/MS S8 (M+H™Y

RO @

~

H
H
H
1
_’,A\\ﬂ e
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8318 2 4-diamino-&{{1-3-(3-TluorophenyD-S-{(Z-hydroxyethysulfonyl d-oxo-
3 4-dihydroguinazolin-2-yhethyDamino)pyrimidine-S-carhonitrile {Compound 78 'HNMR
{400 MHz, DMSOY 8 R44 — €34 (m, TH), 822 813 (m, 3H), 778 - 7.59 {m, 2H), 7.57 ~
748 (m, 1H), 7.41 {(dddd, 3= 175, 8.8, 6.1, 2.4 He, TH), 703 {dd, T = 113, 7.1 Hp, TH), 6.66
(brg, 2H), 6,44 632 {m, ZH), 499 (d, J = 7.1, 59 He, 1H), 493 (td, T= 5.5, 1.1 He, 1H},
4.00 - 3.97 {m, 2H), 3.84 (g, T = 6.0 Bz, 2H), 1.50 — 1.46 (m, 3H), BO/MR 5251 VE™Y,

Ly
wD
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{7%)

He31s] (832 4-diamine-6-{(1-{3-(3-ThuorophenyB-5-{(2-hydroxyethyDithio-4-oxg-3 4
difydroquinazolin-2-yhethyhamino jpyrimidine-5-carbonitrile (Compound 791 TH NMR
{400 MHz, DMSGY S 7.88 - 782 {m, 1H), 7.71 - 7.60 {m, 2H), 7.539 - 7.34 {m, 4H), .56
{dd, J= 1585, 7.0 Hz, 1H), 6.70 - 6.63 (m, ZH), 6.45 - 631 {m, 2H)}, 310 {d, I = 5.6, 0.7 Hz,
1HL 4.94 - 480 m, THL 376 {0, =63 He, 3R}, 315 (L 1 =67 He, 2H), 1.45-1.41 m,
JH) BS/MS 4031 (MR

Fan

{0
N0 e
P - s ”
:

\,rlf &\\T
e g N
NF

MM, (RO

BT 832 Adiamnino-6-{{ -{S~{cyclopentylsalfonyl3-3-(3-fluorephenyl p-4-ox0-3 4~
dihydroguinazolin-2-yDethyl laminopyrimidine-S-carbonitrile (Compound 80% 'H NMR
(400 MHe, DMEO) 3 831~ 8.25 {(m, 1H), 8.06 - 8.02 {m, 2H), 7.84 - 7.38 {m, 6H), 7.27
T21 {m, 2H), 497 (g, I= 68 He, 1HL 476 (44, T =89, 6.3 Hy, 1H), 198 - 1.43 {m, SH),
1374,V = 6.7 Hz, 3H), ES/MS 5491 (M+Hy

1A
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AH, (&1)

{90318 k2 4-diamine-&-{{1-3-(3-Huorophenyl -d-oxo-S-{o-tolvisulfonyi3,4-

&i’ihyd):‘oquinamim~2»};«"E}@ﬁ}}'ﬁ}amma}pynm&dmﬁn3«carbﬁmtrﬂs {Compound 81) TH NMR

(400 MHz, DMSGIY 885{(dt, 1=7.6, 1.3 He, 1H), 820~ 810 {m, 2H), 7RI {(dt, =81, 1.8

Ha, TH), 7.51 - 7.37 {m, 3H), 7.37 - 7.02 {m, 4}, 4.96 - 4.37 {m, 1H), 2.30 {5, 3H), 1.36 ¢4,
=67 He, 3H). BES/MS STLLOMHHY;

E
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NH, (83}

B39 (92 4-diamine-6-{2-{S~chlore- 303, S-difluorophenyli-d-ox0-3 4=
dihydroquinazolin-2-vDpyreolidine L~ vDpyrimidine-S-carbonitrile {Compound 83). "H NMR
(400 Mz, DMSG-ds) § 783 i, 1THY, 7.76 (1, J= 8.0 He, 1H), 759 {m, 1H), 7.58 {m, 1H),
56751 {mg FHD, 7.44 (be, THL 703 iﬁws 2HY, 468 (my, THL 407, J=T5 He, THL 384
{m, 1H}, 2.26 - 2.08 {m, 2H}, 2.00 {m 1H), .92 — 180 (m, 1H} ES/MS 4952 (M+HY;

141



WO 2015/200352 PCT/US2015/037234

Nz (84)

{0338 (9-2.4-diamino-8-{2-(3-chloro-3-{3,5-difluorophenyi-E-methyl-d-oxo-3,4-
dihydroguinazolin2-yDpyrrofidin: L-yhipyrimidine-3-carbonitrile {Compound 84, 'H NMR
{400 MHz, DMSCdg) § 7.83 (m, 1H), 7.67 (dd, J= 8.0, LO Hz, 1H), 7.55 (m, 2H), 748 (d, J
= §.0 He, 1H), 7.453 (bs, 2H}, 7.01 {bs, 2H), 477 (m, 1H), 4.07 {m, 1H), 4.00 {m, 1H), 242 (s,
3H, 2,30 2.06 (m, 2H), 2.06 — 194 (m, TH), 1.88 (m, 8.7 He, 1H), BS/MS 5091 (M+H™y,

F
O A
uP
o Q\\& P N - ST g
\\i‘:.:;f}'»\\ 8 =, i"‘ _,..«\}
T
L E N
N, (85}

00321 (92 4-dismine-6-2-{B-chlore-3-3,5-difluorophenyl-d-oxo-3 4~
dihydroguinazolin-2-yDpyrrolidin-1-yDpyrimidine-S~carbonitrile (Compound 851 "H NMR
{400 MHz, DMSQO-de) 0 8.09 {dd, J= 8.0, 1.4 Hz, 1H), 8.00 {dd, =738, 1.4 He, 1H), 7.82
{d, F= 9.0 Hz, TH), 7.66 - 7.44 (m, 3H), 7.08 (he, ZH), 4.75 {m, 1H}, 4.06 (m, 1H), 398 {m,
TH), 2.21 fm, THY, 2015 — 2,08 Gmy TH), 198 Gm, 1HD, 1.86 (m, THYL BS/MS 4951 (M+H Y

142



WO 2015/200352 PCT/US2015/037234

{
MHs (&)

0332 (&2 4dlamino-6-3-(3-(3, 5-diflvorophenyl -8 -methyl-deong-3 4~
dihydroguinazoiin-2-yhoyrrolidin-1-vhipyrimidine-S-cashonitrile (Compound 86). "H NMR
{400 MHz, DMSO-d) 8 7.99 (ddd, J=8.0, 1.6, 0.7 Hy, 1M}, 7.86 (4, J= 8.1 He, 1H), 7.74
{m, LH}, 778 {bs, 2H}, 7.56 (m, 2H), 746 {4, 7= 7.6 Hz, 1H), 7.21 {be, 2H), 4.84 {m, 1H},
411 {m, 1M}, 4.02 (m, 1H}, 2,49 s, 3H), 221 (m, TH), 217 — 2.08 {m, 1H), 2.01 {n, 1H),
1R (m, THD BS/MR 4752 (MY

k (87

83231 (82 4-damine-&2-(3-(3 5-difluoropheny-5-fluore-4-pxo-3,4-
dityydroquinazotin-2-yhpyrrolidin-1-vDipyrimidine-S-carbonitrile (Compound 87). 'H NMR
{400 Mz, DMSO-dg) 8 7.96 — 7.79 {m, 2H), 7.72 {bs, 2H), 7.56 (m, 2H), 7.46 {m, 1H), 7.34
{m, THY, 725 {be, 2HY, 4.69 {my, TH), 408 {m, TH), 3.98 ¢m, 1H)}, 2.25 -~ 2.06 {m, ZH), 1.98
{m, 1ED), 1.89 ¢, 1), BS/MS 4791 (M+H
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NHg {88)

[8324) (52, 4-diaming-6-{2-{S~chlorg-3-(-cyano-3-Huorophenyl-4-0x0-3 4~
dibydroguinazolin-2-ylpyrrolidin- L-yDpyrimidine-S-carbonitrile (Coropound 88), 'H NMR
{400 MUz, DMSO-dg) § 838 {m, 0.5H), 832 (de, =93, 2.3 He, 0.5H, 8.24 « 815 {m, 1HY,
812 G, 054, 808 (&, J=93, 2.1 Hy, 030, 778 {4, J= 8.0 Hz, 1H), 7.60 {m, 2H), 7.58
{hs, 2H), 7.17 {(bs, 2H}, 4.61 {m, 1H), 4.07 (o, 1H), 4.00 - 387 {m, 1H), 2.24 — 2.04 {m, 2H),
1.9% (m, 1H), LES (m, 1H) ES/MS 5021 (MR

803351 (8)2.4-damino-6-{2-3--{difluoromethyl iphenyl -R-iodo-d4-oxo-3,4-

dihydroguinazelin-2-yDpyreohdin- - yhpyrimidine-S-carbonitrile;

083361 (Sr24-diamine-0-{2-(8-iodo-4-ox0-3-phenyl-3 4-dihydroguinazolin-2-

vhpyrrolidin- yvhpyrimidine-S-carbonitrile;

N o

O3 {(5)3-(5,8-dichlore-2-(1-(2,6-diamino-S-cvanopyrimidind-ylipyrroidin-2-yi -4~
oxogquinazolin-3(4H)- v benzenesalfonamide, mixture of atropisomers {Compound 913 'H
NMR (400 MHz, DMSC-dgy § 831 (i, J= LE 0.7 He, O1H), 8.26 (5, 0.1H), 825 - 821 (m,
3UEHY, 8,14 (my, 02H), 811 — 8.0 (m, 0.2H), 5.08 - .02 {m, §.75H), 8.00¢s, GLHY, 7.99 -
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795 (m, 0AH), 7.94 (5, 0.1H), 7.91 = 7.81 (m, 0.75H), 7.62 (5, 0.8H), 7.60 — 7.55 (m, 0.5H),
724~ 715 (m, G.4H), 6.96 (bs, 2H), 6,82 — 6.75 {m, 0.5H), 6,52 (be, 25, 479 — 4.42 {m,
TH), 4.27 — 4.05 (m, 0.SH), 4.05 ~ 3.93 {r, 0.5H), 3.93 — 3.75 fm, 0.5H), 3.76 — 3.53 {m,
0.SH), 3.34 — 2.05 Gm, 243, 2.05 — 1.66 {m, 2H). BS/MS 5721 (M+HY,

Ny
O=g=0

N {92)

{0328 (53305, 8-dichiore-2-(1-{Z 6-damino-S-cyanopyrimidin-d-vhpvrrolidin 2~y -4~
oxoquinazolin-3{(4H - viibenzenesulfonamide, single atropisomer of unknown configuration
{Compound 92}, "H NMR (400 MHz, DMSO-ds) 8 826 (5, 1H), £.14 {ddd, J=792.1, 1.1
He, 1H), 8.11 - .02 (G, 2H), 798 {dd, = 8.5, 6.0 Ha, TH), 7.892 ~ 7.84 {m, ZH), 7.64 {5,
JHY, T8, F=8.5, 3.4 He, 1H), 748 (by, THY, 7.14 (e, THY, 473 m, 1H), 4,15 {m, 1R,
399 (my, 1H), 235 - 287 (o, 1M}, 217 - 2,06 {m, TH), 2.00 (m, THD, 190 - 1.73 (m, IH)
ES/MS $T2.0 (MHH)

AN,

{: i ;"“3 ;}. \=
; i g i

i H H

i i i

i i !

Y

N N f"r\\b“\{t -~

{0328 2 4-diamino-&-({25,4R}-2-(5-chloro-4-oxo-3-phenyl-3 4-dihvdroquinazolin-2-yi)-
Semethvipyrrolidin-1-ylipyrimidine-S-carbonitrile (Compound 943, "H NMR (400 Mz,

DMSO-dey 8 TH0 - 7.83 {m, 1H}, 7.75 - 7.66 (m, TH), 7.64 — 7,48 (m, 10H), 711 (s, 2H),
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468 (8, 7= 8.5 He, 1H), 422 {8, J= 8.8 He, 1H), 2.64 (s, 1H), 2.23 — 2,13 fm, 1H), 1.41 (4,
J=119, 8.8 He, 1), 0.96 (d, = 6.6 Hz, 3H) BESMS 473.1 M),

903381 2 4-diamine-6-{(28,4R 3 2-{§-chlore-3-3 S-diffuorophenyl p-4-ox0-3 4-
dihydroguinazelin-2-yh-4-flusropymolidin-T-yhpyrimidine-S-carbonitrile (Compound 95).
HONMR (400 MMz, DMSO-ds) 8§ 7.85 ~ 7.69 (m, JH), 7.65 — 7.41 {m, 38, 7.10 (brs, 4H),
8.51¢d, F=4.1 He, 1H), 838, 1H), 4.72 (3, 2H), 2.41 Om, 1TH), 2.33 (m, 1H, 2,13 {m, 38
BE/MS S13.1 VR

B33 (8)-Z-amino-4-{{1-{§~-chioro-d-oxo-3-phenyl-3 4-dittvdroquinazolin-2-
vhethyhamino-G-methyipyrimiding-S-carboniteile (Compound 96} " ONMR (400 MHE,
DMSQOde) 8 814 (s, 15D, 7.85 - 731 my, TOHY, 721 {5, 1H), 455 - 483 (m, 1H}, 240 -
2.29 Gm, 3H), 137 (8, =67, 1.6 Ha, 35 BS/AME $32.1 Ov+HY
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7

90332 (Sr2-(0-{2-amine-3-todo-Gamethviprimidin-d-vDamino ety S-chiore-3-
shenyviquinazelin-d{3H-one (Compound 97). "H NMR (400 Mz, DMSO-d;) § 8.09 3,
HY, 789 - 780 (my, THD, 777 (5, 1H), 7.74 - 7.49 (o, 68, 749 - 740 (m, 3H), 496 —4.84
(m, THD, 241 (7= 1.2 Mz, 3H), 136 (d, J= 6.5 He, 3H). ES/MS 5331 (V+H)

~ N ~:~"‘
N N
I: BN
N
N \L\:\\
N, {98)

{98333 (rdamino-6<{{1-{Schloro-d-oxo-3-phenyl-3, d-dihydroguinazolin -
vhethyllamine M2-methvipyrimidine-S-carbonitrile (Compound 98). 'H NMR (400 MHz,
DMSO-de} § 800 {(d, J= 7.2 He, THL, 770, J= 8.0, 1.1 He, 1H), 7.73 < 7.62 (m, 3H),
762 - 7.52 (m, IH), 749 - 737 (m, 3H), S.03 — 450 (o, THL 236 {d, = 11 He, 3H), 138
{d,J=867 He, 3L BS/MS 4321 +HY

NP (89

8334} (Spd-amine-6-{{1-{S-chlore-3-(3,5-diffuoropheny-4-oxo-3 d-difiydroguinazolin-

2-vhethyllamino 2 -wethyvipyrimidine-S-carbonitrile (Compound 99). "TH NMR (400 MHz,

147
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DMSO-dg) 8§ 789 — 748 (my, TH), 7.33 (16, 7= 9.3, 2.5 He, 1H), 716 - 7.08 {m, 1H), 519 -
4 Hz, 3H) BS/ME 4681 (visHD,

.

5
=&

5.07 (m, THD, .13 (L J = 1.2 He, 35D, 141 {4, J =

i H ;oM
N N2 IR

Ny {100}

88338)  (R)-S-chloro-2-{4-{2 6-diamino-S-chlorepynmidin-d-yl imorpholin-3-y1j-3-
phenviguinazolin-4{3H}one {Componnd 104}, HNMR {400 Mz, DMSO-ds) § 9.47 (brs,
PH), 8,14~ 7.20 (m, 121, 4.66 {m, 1HD), 4.27 — 3.08 (m, SH). BES/MS 484.1 (M+H )

‘ P
ﬁi@is

-

o \*-_
H
{

~ i

\:\;_.-""j

‘5"*' B
) . ."‘!{//’)
by
=

N
0 {(101)

{86336 (S)r-Z-amino-d-chlore-6-{{1-{S-chipro-4-oxo-3-phenyv-3 4-dilivdroquinazelin-2-
vhethyDaminolpyrimidine-S-carbordirile {Compound 101} HONMER (400 MHz, DMS O}

SROT - 701 {m, 12H), 488 {p, J = 6.7 He, 1H), 136 (d, ] = 6.6 Mz, 3H) ES/ME 4521

(MAHTY

FoQ ~ ‘1
s”j\»‘\‘TﬁfﬁLN A ~g
LA
HEN\TKN\ R
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63371 (SpZeamino-d-chloro-6-{{1-{3-(3,5-di fluorophenyl - 5-Huoro-d-oxo-3,4-
dihydroguinazolin-2-yliethyDaminoipyrimidine-S-carbonitale (Compound 102} YHONMR
{400 MHz, DMSO) 6 8.08 - 7.00 (m, 9H), 6.30 - 5.0 (brs, 2H}, 5.12 - 4.88 (m, 1H), 1.41
(dd, F=6.4, 1.2 He, 3H)L. BS/ME 4721 Ov+H)

G (103}

[00338] (§p-2-amino-d-chlore-8-{{1-{S~chlore-3-(3,5-difluorophenyl}-4d-oxo-3,4-
dihydroquinazotin-2-yDipropyDamine jpyrimidine-S-carboniteile (Compound 1033 H NMR
{400 MHz, DMSO-d ) 3 7.95 - 7.07 (m, TH), 5.87 - 4.93 (brg, ZH), 480 (td, I =74, 5.3 He,
THY, 2.02 {(ddd, F = 135, 7.5, 5.7 Hz, 1H), 182 (dp, I = 14.5, 7.3 He, 1H), 0.96 - 0,76 {m,
N BS/MS SO2.1 (MET

{B83391  (N-damine-2-chioro-6-{{1-(3-chloro-4-ox0-3-pheayi-3,4dibydroguinazoling-
vhethyl laminopyrimidine-S-carbonitrile (Compound 104} THNMR {400 M¥z, DMSO-dg)
SR36 (4, =67 Hy, 1H), 788 - 733 (m, 10H), 457 —4.42 (m, 1H), 1.40 - LIS {m, 3H).
ER/MS 452.1 (MHHD
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MB3401  (S)-Z-amino-4-chloro-6~{{ 1-{S-chiore-3-3,5-diflucrophenyl -axo-3,4-
dihydroquinazoin-2-vhethyDamine pyrimidine- S-cabonitrile (Compound 10%), 'H NMR
{400 MHz, DMEO-de) 8 7.99 — 6.55 (m, 10H), 5.34 — 4.64 {m, 1H), 142 {dd, 1 = 8.5, 1.1 Hz,
3HL ESME 4881 (MHE.

B34 Sr4-amine-G-{{ 1-{S-chlore-d-nx0-3~phenyi-3 d-dihvdroquinazolin.2-

yhiethyllamino 2 -{methyithio)pyrimidine-3-carbonitrile,

o g f"";\\
; i ;

Nz (107

[80342]  N<{(3R,58)»-5-{S-chlorg-4d-oxo-3-phenyl-3 d-dihvdroguinarolin- 2y 12,6~
damino-S-cyvanopyrimidin-d-yDpyrrolidin-3-y1)-2,2-difluoroacetamide (Compound 1071 'H
NMR (400 MHz, DMSO-d) § .09 (d, = 7.3 He, THY, 7.92 - 7.68 (m, 4H), 7.65 - 7.43 {m,
THY, 7.23 {brs, 2H), 638 - S84 {m, 1H), 476 (g, 1H), 466 (d, /=109 Hz, 1H), 429 {d, J=



WO 2015/200352 PCT/US2015/037234

9.0 He, 1HY, 3.90 - 3.8 {m, 1H), 242 - 231 (m, 1H), 1.82 {dt, /= 12.9, 8.4 Hz, 1H).
ES/MS 5522 (M+H)

N (108

003431 N-({35,58)-5-(S-chlorp-4-oxo-3-phenyl-3 4-dibydroquinazolin-2-y1- 12,8~
disming-S-oyanopyrimidin-doyhpyrrolidio-3-v13-2,8 2-riffuoroacetamide {Compound 108}
THONMR (400 MHz, DMSOQ-4) 8§ 9.39 (4, /= 6.9 Hz, 1H), 7.88 (dy, /=81, 1.7 Hz, 1H),
TI7 T 37 (m, BH), TIT TS (m, 3HD, 488 (L, S = 7.0 He, 1H), 440 (g, = 6.7 He, 1H),
4.25{dd, J= 106, 6.9 Hz, 1H), 404 {dd, /= 10.6, S8 Hy, 14}, 2.27 — 2,04 {m, 3H). BS/ME
70,1 (M)

N

T N i

" ?

o b o H
e N

NH, (1093

003441 N-{{3R, 381-5-(5~chlore-3-(3 S-difluorophenyl-4-oxo-3 d-dihydroguinazolin-2-
yi-1-{2,8-diamino-S-cvanopyrimidin-d-yDpyrrohidind-yi}-2, 2-difluoroacetamide
{Compound 109). "H NMR (400 MHz, DMSO-d0 8 212 (4, 7= 7.3 He, 1H), 802~ 788
{rm, AHY, 7.63 - 7.44 {m, SHY, 7.26 (brs, 2H), 618 (8, J= 33,6, 1.2 Hz, 1H}, 488 — 451 {m,
ZH), 4.29 {5, J= 8.6 He, TH), 386 {dd, J= 04, SO Hg, THL 230 ¢d6 =116, 5.2 He, 1HY,
102 (d J=12.8, 8.2 He, 1H). BS/MS 5881 (M)
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NHy (110

IBO345] NY{{OR,383-5-(S-chloro-3-(3-{difluoromethyl-S-Huorophenyii-d-oxg-3,4~
dihydroguinazolin-2-yD- 1.2, 6-Hamine-3-cyanopyrimidin-d-yDpyvrrolidin-3-y)-2,2-
diffuoroacetamide {Componnd 110). "H NMR (400 MHz, DMSO-dpd 2 910 (4, = 6.8 Hg,
THY, 808 {d, J= 149 He, 1H), 7.86 ~ 7.62 {m, 4H), 7.57 {my, 4H), 712 {1, F= 554, 8.6 He,
FHY, 637 {84, F= 53,6, S8 He, 1H)L, 4.68{, = 136 He, 2H), 439 - 418 {m, 1H), 3.83 (g, F
= 8.0, 7.5 He, 11, 240 (p, /=65, 6.0 Hy, 1H), 188 (ddy, J=283, 12,5, 8.3 Hz, 1H).
BS/MS 6201 (M+HN,

L
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1083481 NCORE851-2,6-diamino-S-oyanopyrimidin-4-y-3-(3-(3,S-difluorophenyl - 8-
fluorg-deoxo-3 4-dibyvdroguinazoelin-2-yhipyrrolidin-3-v1-2,2-difluorcscetamide (Compound
111 "H NMR (400 MHz, DMSO-do) 8 210 (d, J= 7.3 He, 1H), 7.82 ~ 7.69 (m, 2H), 7.64 -
7.39 fm, 4H), 731 (64, J = 109, 8.2 Hz, 1H), 7.00 (brs, 43, 6.41 — S.01 (m, 1), 4.70 (a4,
=220, 8.5 He, 2H), 428 (4, J= B8 He, TH), 3.84¢dd, 7= 103, 5.8 He, 1H), 238 {d, /=
11.5, 5.4 Mz, THY, 192 (dt, J=12.7, 8.3 He, 1H). BS/MS 572.2 (M.
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Ny (112

JOR347T  NA{OR5831-(2,6-diamino-S-cyanopyrimidind-yh-5-3-3-(diflvoromethy -5~
fluorophenyl}-S-flaoro-d-oro-3 d-ditydroguinazolin-2-yHpyrrolidin-3-y13-2,2.
diffuoroscetamide {Compound 112}, TH NMR (400 MHz, DMSO-d) 8 910 ¢, J=6.7 He,
TH, 807, = 145 Hy, 1H), 7.88 - 7.62 {m, 3H), 7.62 ~ 738 {m, 3H), 738~ 7.21 {m,
183y, 7.05 (m, 4H), 636 - 594 {m, 1H), 4.87 {m, ZH), 4.27 {m, 1H), 391 - 3.70 {m, 1H),

230 {m, TH), 195 — 171 G, THD). BRAMS 6043 M+HD

ces

S
o0 \f
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D038 N{(3R,58)-5+{F-chipro-d-oxo-3-phenyl-3 d-dibydroguinarotin-2-vi-1-(2,6-
diamnine-S-oyanopyrimidin-d-vlpyrrotidin-3-vik2-cyclopropylacetamide {Compound 114).
FONMR (400 Mz, DMSO-de) 8 7.96 (4, 7= 7.2 Hz, 1H), 786 (d, J= 7.5 Hz, 1ML, 772 (L J
= 8,0 He, 1H), 7.64 7,46 {m, BH), 6.69 {m, 1H), 4.58 (m, 1H}, 4.34 {m, 1H), 3.68 {5, 1HY,
270262 (o, THY, 233 4, J= 3.5 He, TH) 226 (m, TH), 189 {dd, 7= 101, 7.0 Hz, 2H),
L3 6my 1R, 124 (s, 1), 114 {d, J= 0.7 He, T H), O.86 (5, 11}, 042 — 030 {m, 2H).
BS/MS 556.1 (WHHTY

003491 Example 5. Preparation of a Compound of Formula (1)

I60356] A, Preparstion of a Compound of Formula (D in whichnis 2, R 6 F, RPN, m

is 1, R°=F, R’ is oyclopropyl, RY is ovane, R is hydrogen, R® is NH,, and R 18 NH,
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108351)  To a solution of (8)-2 4-diamino-&-{{eyclopropyl{6-Huore-3-( 3-flusrephenyly-8-
iode-4-oxo-3 4-diydroguinazolin-2-yimethyDaminopyrimidine-3-carbonitrile (720 mg, 1.2
mmol} in NMP {4 mL} was added cuprous cyanide (220 myg, 2.4 mmol) and
tetrakis{triphenviphosphine)PH0) (40 mg , (.12 mmol). The mixture was frradiated in
microwave reactor at 150°C for one hour. Purification by flash chromatography (40 g flash
silica, 30 9% EtOAc /Hexanes to 20% MeOH/BDAL), followed by HPLO eluting with 5% -
£5% water/acetonitrile {0.1% v/v trifluoroacetic acid) provided (Sy-2-{eyclopropyl{({2,6~
digmine~-S-cyanopyrinmidin-d-vllaminoimethyl-6-Hoore-3-(3-fuorophenyl pd-oxo-3,4-
dihydroguinazoline-§-carbonitrile (Componnd Tal. 'H NMR (400 MEz, DMSO) § £.56 (dd,
L=32, 8.4 He, 1H), 820 {dd, J= 3.2, 8.0 He, 1K), 7.80 (bs, 4H), 7.57 - 7.02 {m, $H), 4.7¢
(my, THD, .59 (m, 1), G54 (m, 3H), 0.22 (m, TH) BS/MS 4862 (M+H.

0382 B, Following the procedure described in Example § and Reaction Scheme I, below

compound of formula (I} were prepared:

003531 (832-{eyclopropyi{{2,6-diamino-S-cyvanopyrimidin-d-yl}amino mnethyl -6« fuoro-
4-oxo-3-phenyi-3,4-dihvdroguinazoline-8-carbonitrile {Compound Rak 'H NMR (400 MHz,
DMSO)Y 8 855 (dd, F= 3.2, B4 Hy, 1H), 819 (dd, 7= 2.8, 8.0 He, TH), 7.73 (bs, 41D, 7.50
{m, 2HY, 7.32 {m, 2HY, 7.23 {m, THY, 471 G, TR, 187 (my THD, G082 G, 3HD, 018 {m, 1R
BS/MS 4681 (M+HD
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180384) (32412, 6-diamine-S-cyanopyrimidin-&yhpyrrolidin 2-yD-d-oxo-3-phenyi-

3 d-dihydroguinazoline-R-carbonitrile (Compound 891 'H NMR (400 Mz, DMSO-d0) 8
838 (dd, J= 8.0, 1.5 He, 1H), 834 (dd, J=7.6, 1.5 He, 1H}, 7.8% {m, 1H), 7.63 {m, 2H},
760 (b, 2HY, TET (my, 3HY, T G'}’ (b, 2HL 475 {m, THD), £.06 (my, TH), 3,99 (m, TH), 2,19 {m,
THY 200 {m, VHD, 197 (o, 1HD), 176 (m, TH). BS/MS 480.1 (M+H Y

{BO3881  (5-2-01-(2, 6-diamino-S-cvanopyrimidin-d-yhpyreolidin-2-9153-3-(3-
(diftuoromethvliphenyl-4-ox0-3 4-dihydroguinazoline-R-carbonitrile {Compound 80). 'H
NMR (400 MHz, DMSO-fe) § 842 (ddd, = 8.0, 3.5, L3 He, IR, B39 {dy, 7= 7.6, 1.3 H,
M), 822 {d, J= 1.7 He, 0.5H), 8.12 (m, (.5H), 7.88(d, F= 1.6 He, 0.53H), 7.85 - 7.78 {m,
2.5H), 770 e 78 Hey 1HY, 7.60 (bs, 2H), 718 {84, =587, 144 He, 1H), 7.09 {(bs, 2H),
470 {my, 1H), 417 {my 1H), 07 - 390 dm, TH), 235 - 2.09 {m, 2H), 2.02 {m, TH}, 180 (m,
THY. ES/AMS 5000 VMR,

{0388 Example &, Preparation of a Compound of Formula (1)

HO387 A. Preparation of a Compound of Formuda () in which nis R! is 3-oxopro vi, .
i { o PrOpyL,

.. 3, . . o o [ 7. .
mis 0, R s methyl, R? is ovano, R s hydrogen, R® is NHp, and R is N,

133
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{03881 To a solution of (812, 4-diamino-6-{{ 1-{S-bromo-4-oxo-3-phenyi-3 4+
diyydroguinazolin-2-yhethylamino jpyrimidine-S-carbonttrile (58 myg, 0.108 mmol} in DMF
{0.5 mL) was added chloro{(2-dicyclohexyiphosphine-2,6 -dimethoxy-1,1 “hiphenyD{3-£2'-
aming-1, 1 -biphenyliipalladiom{IT} (8 mg, 0.011 mmel} and dicyclohexyimethylamine {87
ul, 8315 mmol). The mixture was degassed onder Ary. Allyl alcohol (9 oL, 0.126 mmol}
was added, and the mixture heated to 120°C in microwave for | howr. The reaction was
poured into BtOAe and washed with Ho0 (2x). Purified by flash chromatography (4 g silica,
0 — 100% BrDAchexane) to provide (8)-2,4-diamino-6-{1-{4-0ro-5-{3-oxopropyl 3-3-

phenyl-3 d-dibydroguinazolin-2-vethyDamino ipyrimidine-S-carbonitrile,
[083588]  Example 7. Preparation of a Compound of Formula (I}

903681 A Preparation of a Compound of Formula (D in which nis 1L, R 18 3-
merpholinoptopyl, m is 0, R is methyl, R is evano, R is hydrogen, R® is NHy, and R is

NHz

Ny (BN
{88381 A solution of (82 4-diamine-&-{{ I -{4-ox0-5-{3-oxopropyl - 3-phenvi-3 4~

dibydroquinazoiin-2-yhethyvDamino pyrinddine-S-carbonitrile (99 mg, .24 mmol) in DOM

156
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{2 wul) was treated with morpholine and sodium triacetoxvborchydride, The reaction was
filteved and the filtrate purified by prep LC to give (83-2.4-dlamino-6-({(1-{5-{3-
morpholinopropy-4-oxo-3-phenyi3, 4d-dihvdroguinazolin-2-vhethyDaminelpyrinddine-5-
carbonitrile. {Compound 611 "H NMR (400 MHz, DMSO-do) § 0.47 (s, 1H), 7.79 {dd, J=
8.1, 74 He, 1H), 7.59{dd, =82, 12 Hz, 4H), 7.58 - 7.40 {m, SH), 738 {dd, J=7.5,1.2
Hez, 1H}, 6.99 (5, 4H), 492 - 480 {m, THY 391 {d, =126 Mz, 2H), 3.54 (¢, J= 12.7 Hz,
FHY, 338G, J= 123 He, 2H), 3.26 — 3.08 {m, 4H), 3.07 - 293 {m, 2H), 196 - 1.84 (m,
2HY, 1.324d, /= 6.6 He, 3H). BS/MS 3263 M+HN

[003631 B Following the procedure described in Example 7 and Reaction Scheme |, below
compound of formula (I} were prepared;

Q Pty

‘\'NMT-N\\
Lo

LN (5
100363 34{{(1-{5-(3-(2-oxa-6-azaspiro[ 3.3 theptan-6-vlipropyl j-4-oxo-3-phenyt-3,4-
diwydrogquinazolin-2-yhethyl jamine } 2 S~diaminopyrimidine-S-carbonitetle (Compound 62).
TH O NMR (400 M¥z, DMSO-di) 8 7.71 ~ 7,64 {m, 1H}, 7.58 — 7.40 (i, 6H), 7.24 (dd, = 1.5,
1.3 He, 1HY, 676 (6, F= 7.2 Hz, 1H), 6.52 {5, 2H}, 6.23 {5, 2H), 476 - 4.65 {m, 1H), 4.51 {5,
4H3, 3.18 (br s, 4H), 3.10 - 3.03 (m, 2F), 2.54 — 2,47 (m, 2HY, 1.52 — 138 {m, 20, 124 (4, J
= 6.7 Hz, 3H)L ES/MS 5382 (M+HL
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B83sdl  SR4((-G-G-Qoxa-t-azaspiro] 3 Aloctan-6-yhipropy-d-oxo-3-phenyl-3,4-
dihydroguinazolin-2-yhethyhamino -2,6-diaminopyrimidine-S-carboniirile {Compound 83}
Y NMR (400 MHz, DMSO-d:) 8 768 (4, F= 7.8 Hz, 1H), 7.56 ~ 7.40 ¢m, §H), 7.31 - 7.24
fm, 1H), 676 (4, 7= 7.1 Ha, TH), 652 {5, 2H), 6.22 {5, IH), 475 ~ 4.65 (m, 1H), 439 {s,
4HY, 331 (4, F= 7.6 He, 2H), 2.63 (8, 2H, 241 -~ 224 (m, 4H), 2,01 — 189 {m, 2H), 171 -
135 {m, 2H), 1.24(d, 7= 6.6 He, 3H) BS/MS 332.2 M+

P Qi\‘ P ~ N -~ DI
i : i
o ;’,‘."f\\ f;"\\ P
HNL N N
i {
H
AN
o

MHp (64)

083651 (SR4((1-G-G-2-oxa-T-azaspiro] 3. Snonan-T-yDipropyli-d-oxo-3-phenyl-3,4-
dihydroguinazolin-2-viethyDamino -2, 6-diaminopyrimidine- S-carbonitrile {Compound 64).
HENMR (400 MEHz, DMSO-d5) & 9.63 (s, 1TH), 7.75 - 7.68 (m, 1H), 7.64 — 7.42 {m, 6H),
FAG - TS (o, 2HY, T8 - 6,60 (br my, 3H), 461~ 4.50 {mn, 1HY, 387 {dd, = 10.6, 6.4 Hz,
ZHD, 378 ~ 3,69 (i, 2H), 348 (=52 Ha, 2H}, 337 {1, J= 8.3 He, 2H), 3.21 - 3.02 {m,
4H), 166 {dt, = 111, 5.8 He, oH), 119 (d, 7= 6.8 He, 3H), BS/MSR 5663 (M),

{603681  Example & Preparation of a Compound of Formula (1)

158
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03677 A. Preparation of 8 Compound of Pormula (I) in which niis 1, R is vinylsulfonyl,

o [ . g . 5 . T
mis 1, R is K, R7 is methyl, R is ovane, R is hvdrogen, R” is NHz, and R is NH,

s =N
MMz

[80368]  To a solution of {832 4-diannine-6-({1-(3-(3-fluorophenyi 1-5-{(3-
hydroxyethyhsulfonyl 4eoxe-3 4-dihydroguinazolin-2-yhethyDaming ipyrimidine-S-
carbonitrile {127 mg, 0.24 mmol} i dichloromethane (1 mL) was added ptoluenesulfonyl
chioride {35 mg, 0.29 mmel), 4-dimethyvlaminopyridine (3 mg, 0.024 mmol} and
triethylamine (0,051 mi, 036 mmol). The resulting mibiture was stirred 8t room temperature
for 2 days, The reaction was poured info saturated NaHCO3 and extvacted with BtOAc (2x),
The organic phase was dried over MgS04, concentrated, and purified by column
chromatography on silics eluting with EtOAG in hexanes {10-100%) to afford (8)-2,4-
dlaminoe-&-{{ I -{3-{3-fluorophenyli-4-oxo-S-{vinvisulfonyD-3,4-dibvdroguinazolin-2-

yhethyDaminolpyrimidine-S-carbonitrile. BR/MS ma = SO7.1 (E"
003697 Example ¥, Preparation of a Compound of Formula (D

IBO3TE] A, Preparation of 2 Compound of Formmula (1) in which nis 1, R is 2-{pyrrolidin-
evilethyDsulfonyl, mis 1, REF, R s methyt, ®Yis CYANQ, R is hydrogen, RO s NH,, and
R is NH
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903711 To a sohution of (832 d-diamine-6-{{1-3-(-flnorophenyi}-d-oxo-§-
vinvisalfonv-3 d-dibhvdroquinazolin-2-yiiethvilamine jpyrimidine-S-carbonitrile (33 my,
(.065 munol) in THE {1 mL) was added pyrrolidine {0.021 mi, 0.26 mmol}. The resulting
mrixture was stirved af room temperatore for TR The reaction was concentrated followed by
ivophilization in acetonitrie-water to afford (8)-2 4-dlamino-&-{{1-3-(3-fluoropheny}-4-
oxo-5-{2-{pymolidin-1-yliethyhsutfonyl}-3 4-dibydroguinazelin-2-
vihiethyllaminojpyrimidine-S-carbonitrile (Compound 82} "HNMR (400 MHz, DMSQ) 3
834 827 (m, TH), B8~ 808 {my, ZHY, 7.68 = 755 {m, 2H), 7.47 - 729 (w, 3H}, 6.99 -
6,90 {m, TH), 6.59 (brs, 2H), 6.27 {brs, 2H), 4.97 - 488 (m, 1H}, 4.07 - 3,90 {(m, 2H}, 2.81
-~ 2,70 (m, JHY, 239 - 230 (m, 4H}, 1.55 - 148 (im, 4H}, 1 41 (¢, T = 6.8 He, 3HL BS/MS
STR.Z (M)

{00373 Example 10, Preparation of a Compound of Formula (1)

B03T3] AL Freparation of a Compound of Fermula (T} in whichnis 1, RN 6 1,2,3,6-
tetrahydropyridin-d-vl, , m i3 0, B’ is methyl, RY is oyane, R7 is hydrogen, R® is N#,, and R

160
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83741 Tertbutyl 4-{4,4,3, S-tetvamethyl-1,3,2-dioxahorolan-2~v15,6-dihydropyridine-
H{2F -carboxyiate (029 g, 4.93 mmol), (8)-2,4-diamino-6-{{1-{S-bromo-4-oxo-3-phenyl-3,4-
dihvdroguinazolin-2-yhHethyhamino ypyrimidine-S-carbondtrile {822 g, 047 mmoly, [1,1%
bis{diphenviphosphinoMerroceneldichloropatisdivmdil} dichloromethane complex (34 mg, 10
mol%) were taken up In 1 4-doxanes (5§ mL). A solution of ssturated agquecus sodium
hvdrogen carbonate (2.5 mb) was added. The mixture was heated with magnetic stirving for
9 woanutes at 120 °C before being allowed to cood to room temperature. The mixture, diluted
with dichioromethane and water, was filtered through s pad of Celite diatomaceous

earth. The aqueocus phase was extracted twice with dichloromethans. The combined
organics were dried over anhvdrous magnesiom salfate, filtered, and concentrated under
veduced pressure fo provide {(S-tert-butyd 4-2-(1-((2, 6-diamino-S-cyanopyrimidin.g-
yvhaminoethyl-4-oxo-3-phenyl-3 4-dibydroquinazolin- 5-y1)-5,6-dihydropyridine- 1 {2H)-
carboxylate, which was carried forward without firther purification. BS/MS 5803 (M+H"
A solution of crude {(Stert-butyl 4-02-(1-{(2.6-diamino-F-cyanopyrimidin-d-yhaminejethyl)-

4@.;{.@“3“@};@@?\% Awiﬁayquuimm Hg-3 -§"§.}“Sﬁmdﬁ‘i}’ﬁi’ﬁf{}}ﬁﬁiﬂﬁ" i iﬁ?ﬁ i%i}»a:arbasxyi ate

mi, 12 mmol), Afler %’immg overpight, the mixture was concentrated fo dryness under
reduced pressure.  The restdue was purified on a Gilson HPLC system, ehiting 5 %
scetontiniie/®s % water {001 % TRA modifier in both solvents) o 70 % acetonitniie over 30
nrintes, Fractions were concentrated to fumish (-2 4-diamno-6-{{1-{d-oxo-3-phenyi-5-
{1,2,3 &-tetrahydropyridin-4-y)-3 d-dibydroguinazalin 2-yDethyhamino pyrimidine-5-
carbonitrile, riffuoroacetic acid salt {Compound 93} TH NMR (400 Mz, DMSO-d) § 8.90
{s, 2H}, 790 (dd, J= &3, T3 Ha, 1H, 7.75{dd, J= 8.3, 1.2 Hy, 1H}, 7.65 {bs, 2H), 750 ~
T4 {m, M), 747 (m, 1H), 7.23 (dd, J= 7.4, 1.3 He, 1H}, 719 (bs, 2H), S49 (g, 1H}, 4.92

il
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(my, T, 3.72 (m, 2H), 3.27 Gn, 2HD, 247 (m, 2H), 139(d, 7= 6.6 Hz, 3H). BS/MS 480.2
{(M+HTL

BOATS]  Example 11 Preparation of 8 Componnd of Formula {8}

IATEL AL Preparation of @ Compound of Formula (D in whichnis LR s CL . mis o, &

is methyl, R is cyvano, R is hydrogen, R™ is NH,, and R 8 F

e {f%
| ! Bl

NMz  {106)
08377 To (Sk4-amino-8-{{1-{8-chloro-4~oxo-3-phenyi-3 d-dihydroguinazolin-2~
yhethyDamine b 2-Goethyithiolpyrimidine-S-carbonitrile {98 g} and sodium bleawrhonate
{1.6 g, 1.9 mmol} in THF {10 mL) was added potassivm perexymonosalfate (091 g, | nunel)
in water (10 mL) dropwise. When the regetion is complete, water and methylene chloride are
added. The lavers are separated and the solvent was removed in vaouo fo give 4-amine-6~
{{{8}1-{S-chloro~d-oxo-3-phenyl-3 4-dihydroguinazelin-2-yhethvhaming 32+
{methylsulfinyDpyrimidine-S-carbonitrile, To damno-&-{{{8} 1-{3-chloro-4-oxo-3-phenyl-
3 A-dibwdroguinazolin-ZoviethyDamine -2 <(methylsulfioyDpyrimidine-S-carbonitrile in THF
{5 mi) was added tetrabutylammonivm fuoride in THF {§ M THE, 46 mg, (.19 mmol}).
After stirring for 24 b, g few drops of water were added, the reaction was filtered, the solvent
was removed in vacuo, and the residue was purified on & Gilson HPLU gystem, eluting with
acetonttvilefwater (0.1 %6 TFA modificr). Fractions were concentrated to furnish {R)-4-
amtino-6-{{ 1 -{S-chioro-4-oxo-3-phenyl-3,4-dibydroguingzolio-Z-yhethyDamine -2+

fluoropyrimidine-S-carbonitrile Compound 106}
IBO378  Example 12, Preparation of a Compound of Fornmda (I

{0837 A Preparation of a Compound of Formmia (I} in which nis 1, R s L, Jmis @, R
and R togather are 4-(2-amincacetamidolpyrrolidine-1-v! attached at the 2-position of the

pyrrolidine fo the guingzolinone, R” is cvano, R is NH;, and R {s NH;
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IBO38G]  Solid KOs (39 mg, 0.28 mmel) was added to stirring solution of N-{(3R, 585~
{S-chloro-d-oxo-3-phenyl-3 4-dihydroquinazolin-2-y 12, 6-damino-S-cyanopyrimidin-4-
yvhpyrrolidin-3-y1-2,2, 2-irifluoroacetamide (160 mg, 0,28 mnol} in MeOH/ Water (201, 13
mby at vt Afer stirving overnight the resulting mixtwre was concentrated then purified on a
silica columnn to give 2 4-dlamine-6-{(28, 48 d-amino-2-{S-chloro-4~-ox0-3-phenyl-3,4-
dihvdroguinazolin-2-yhipyrrolidin- I-vhipyrimidine-S-carbonitrile. HATU (80 mg, 0.16
mmoly, DMAP (1 mg, 0.01 nunel), and DHEA (0.028 mL, 8,16 mmel} were added to a
stirring solution of N-Boe glyoine (18 mg, 0.16 nunol} m NMP I ml)atrt. After Smin24-
diamino-6-((28, 4R -d-amino-2-{ S-chloro-4-uxo-3-phenyl-3 d-diydroguinazolin2-
yvhpyrrolidin- {ypyrimidine-S-carbontiviie (30 mg, (.11 manel) was added and stiveed for an
additional 15 min. The resuliing mixturs was loaded divectly on to silica cohumnn and purified
to give tert-batyl (2-{(GR, 5384 5-(S-chioro-4-oxo-3-phenyl-3 4-dihydroquinazolin-2-vi}-1-
(2,6-Hamine-S-oyvanopyrimidin-d-vhpyrrolidin-3-yhanmino - -oxoethyhearbamate. TFA
mL} was added to a stirring solution of tert-butyl (3-{{{3R,38}-5-(3-¢chloro-4~oxo-3-phenyl-

3 d-dihydroguinazelin-2-y}- 1-{2,6-dlamine-S-cvanopyrimidin-d-vhpyrrolidin-3 -y Damine b2+
oxoethylicarbamate (67 mg, 3.1 mmeol} in BCM {2 mL) at vt After 30 min the reaction
mixture was concentrated and purified by HPLT o give Z-amino-N-{(3R, 38 -5-{S-chloro-4-
oxo-3-phenyl-3,d-dihydrogninazelin-2-y}- 1-(2,6-diamino-3-cyanopyrimidin-4-ylpyrrolidin-
3-vhacetamide (Compound 1181 TH NMR (400 MHz, DMSO-d) 8 8.53 (4, F = 7.2 He, 1H),
FRE{d, T =24.0 Mz, 4H), 7.68 (1, J = B0 He, 1H), 7.63 - 7.43 {m, 5H}, 6.74 (m, I1H), 6.42
{m, TH), 4.85 — 447 {m, 2H), 411 - 328 {my, SHY, 2.67 - 2.60 (m, 1R}, 244 —2.24 {m, 1H),
167 {5, TH) ES/MS 5311 (M+HL

03811 B Following the procedure described in Example 12 and Reaction Scheme §

below componnd of formmula (I} was prepared:
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[00382]  Z-amino-No{{3R,38}-5-(S-chlore-3-(3,5-diffuoropheny-4-ox0-3 4~
diliydroguinazoiin-2-yi+1+{2, 6-diamino-S-cyanopyrimidin-4-vipyrrolidin-3-vDacetamide
{Compound 116}, 1M NMR (400 MHz, DMIOA6) § 856 (4, T=7.3 He, 1H), 7.91 (s, 3H),
TAT{L I=00Hz, 1H), 770, T = 8.0 He, 1H), 7.56 ~ 7.40 {m, 4H), 6.89 - 8,70 {m, 2H),
477 4.54 (m, 2H), 428 - 4,32 {my, 1H), 3.80 - 3,65 (o, 1H), 3052 - 339 (m, 2H), 2.43 ~
2.23 (rm, 2H), 1.84 — 1.69 (m, 1H). BS/MS 67,1 (M+HN.

Biclogical Exanmples

108383 Activity testing was conducted in the Examples below using methods desoribed
herein and those well known in the art, Ensymatic activity of PI3K isoforms were measured
to compare the PI3K {soforo setivily and selectivity of the compounds tested, including
selectivity to PI3KS. A cellular assay weasuring basophil activation was used to assess the

potency of the compounds tested.

[B0384] Enzymatic activity of the class I PIIK isoforms in the presence of certain
compounds of the present application and compounds X and Y was measured using a time-
resolved Hooresconce resonance energy transfer (TR-FRET) agsay. Compounds X and Y

have the following stroctures:
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NH
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Compound Y

[98388]  TR-FRET monitored the formation of 3,4, 5-inositol triphosphate molecule that
competed with flucrescently labeled PIP3 for binding to the GRP-1 pleckstrin homology
domain protein. An increase in phosphatidylinositide 3-phosphate product resulied in a
decrease in TR-FRET signal as the labeled fluorophore was displaced from the GRP-
protein binding site, Class 1 PI3K isofonms were expressed and purified as heterodimeric
recombinant proteins, All assay reagents and buffers for the TR-FRET aseay were purchased
rom Millipore, PI3K isoforms were assayed uoder initial rate conditions in the presence of
25 oM Hepes (pH 7.4}, and 3x K ATP {(75-500 pM), 2 oM PIP2, 5% glycerol, S mM
MgCly, SO mM NaCl, 0.058% (v/v) Chaps, | mM dithiothreitol, and 1% (v/v) DMEO at the
following concentrations for each isoform: PUHKg, PI3KE, and PISKS between 25 and 50 pl,
and PI3Ky at 2 oM The compounds of Table 1, Compound X {81 2-(1{{SH-purin-&-
yhaming jethvli-S-chloro-3-phenylquinazolin-43 Hone) and Compound Y {{8)k4d-aming-6-
{{1-{5-chioro-4-oxo-I-phenyl-3 4-dihydroguinazolin-2-vilethyDaming jpyrimidine-5-
carbonitrile}, were added o the assay solution and incubated for 30 mimstes at 25°C.
Additionally, compounds 19 {o 116 were added {o the assay solution and incubated for

30 minutes at 25°C. The reactions were ferminated with a final concentration of 18 mM
EDTA, 10 nM labeled-PIP3, and 35 oM Europiom labeled GRP-1 detector protein before
reading TR-FRET on an Envision plate reader (Ex: 340 nm; Brn: 615/665 nmy; 100 ps delay

and SO0 us read window)

{83861 The resulis were normalized based on posttive {1 pM wortmaning and negative
{DMSO) controls, and the ICs, values for PI3K o, §, §, and v were caleulated from the fit of
the dose-response curves 1o a fonr-parameter eguation. These assays gencrally produced

vesults within 3-fold of the reported mean.
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{03871 Table 2 summarizes the ICs {nhM) values for PI3K {soform 8 (10 for PIAK B, g,

and y are not shown}. Table 3 summarizes the ICs (oM} vadues for PIZK isoform 8§ (JCs for

PI3K B, o, snd v are not shown}. The results indicate that cerfain compounds of present

application inhibit PISKS

Table 2. The s values (nM) for PIIK soform S

Compound I (nd)
19 9
20 21
21 30
22 22
23 10
24 10
25 36
26 21
27 37
28 2
29 220
30 &
31 4
32 &3
33 24
34 46
35 7
36 2
37 0.5
38 (.5
39 2

Table 3. The ICs values (nM) for PI3K isoform 8.

166

Compound ICsp (nMM) Compound ICss (M)
ia 3 12a i
23 10 13a 1
3a 0.3 14a 19
4a 49 153 &
Sa 3 16a 4
6a 41 17a-1 &
7a 6 17a-2 8
Sa 2 i8a 6
Sa 61 X 1

i0a 2 Y .4
tia 14
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40 4
41 25
42 20
43 g
44 i3
45 0.7
46 0.4
47 2
48 0.5
49 14
50 1.3
51 3
52 0.7
53 0.7
54 0.3
55 0.4
56 3
57 1.4
58 3
59 2
60 6
61 0.6
62 0.8
63 0.8
64 30
65 13
66 0.7
&7 110
68 30
69 1
70 3
71 Z
72 4
73 4
74 3
75 1.2
76 1.3
77 2
78 9
79 51
80 61
81 6
82 2
83 2
&4 4
85 10
86 12

167
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87 23
88 17
39 2
90 3
91 17
92 7
93 17
b4 2
95 160
36 0.1
97 0.6
98 10
49 14
100 8400
101 i
102 30
103 9
104 4
105 2
106 0.8
107 0.4
108 2
109 0.7
110 2
i11 9
112 17
113 7
114 0.9
115 64
116 7

03881 All of the ULS. patents, U8, patent applivation publications, 118, patent
applications, foreign patents, forsign patent applcations and non-patent publications referred
to in this specification are incorporated herein by reference, in thelr entivety to the extent aot
inconsistent with the present description.  Frowm the foregoing if will be appreciated that,
although specific embodiments of the invention have been described herein for purposes of
illostration, various modifications may be made without deviating from the spirit and scope

of the prosent application,

168
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CLAIMS
What iz claimed ix:
L. A compound having the stracture of formula (I

O ﬁﬂ‘VERE}m

€§f~31 In et fﬁ\ N f&ﬁu
e ’ 1N Eﬁ?
R
R @,

AisNorCH;

nied, 1,3, 3, ord;

mis s, 1,2, 3, ord;

sach R' is independently selected from optionally substituted alkyl, optionally
substitnted haloalkvl, optionally substituted aryl, optionally substituied heteroaryl, halo,
cyano, NHCED allvlene-NER M, NOy, ORM) NGRS, OCEOR', CEORD, C=MOoR Y,
arvi-OR Y, optionally substituted eycloalkyl, optionally substinsted heterooyeloalkyl,
NRPCEOakviene-CEOIOR Y, arvi-Oralkylene N{R ™, aryi-O-CGEOIRY, alkylene-
CEORY, alkviene-CEOINR ™Y, alkyviens-CEOMHeY, Gralkvlens CHOI0RY, alkylense
O-alicvlene-CEMORY, CEOINRSORY, alkylene-N{ER ™), alkenylene-N{R ),
C{=ONNR M alkylene-OR Y, CEOINR Palkylene-Het, O-alkyiene-N{R™,, O-alkylene-
CHORMCHNER ™), Cealkylene-Het, O-alkylene-CEOIORY, Oualkviene-CG=0)-Het, §-
alkylene-ORY, Oealkylene-OR™, 0-Cealkviene-CHIOR MO, salkviene-ORY, Oallviene
NRPOEOIORY, NR P -alkylene-NER ™, NRPCEOR', NRPCEONER M, NSO-alkylly,
NEPEOatlovl), SR, SONR™Y, alloylene-aryl, alkylene-Het, alkylene-ORY, alkviene-
NR ™, CEONERSY,, NHOEOM akyvlene-aryl, arvb-Oealiylens-NR Y, any-OCEORY,
NHCEOplkyviens-heterooyeloalkyl, NHU{=(alkvlene-Het, G-alkyviene-O-alkylone-
C{=HORY, CiE0alkylens-Het, and NHC=0halo-alkvl,

wherein Het is optionally substituted heteroaryi or optionally substituted
heterooveloalkyl, whersin RY is independently hydrogen, optionally

substituted alkyl, optionally substituted haloalkyl, optionally substituted

169
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cveloatiovl; optionally substituted hetorooyoloatkyl, and optionally substituted
avyl, wherein RY is indepondently hydrogen, optionally substituted atkyi,
optionally substituted haloalkyd, optionally substifuted arvl, and optionally
substituted hetoroaryl, and wherein B is independently optionally substituted
alkyl, optionally substituted haloalkyl, optionally substitited oycloalkyl,
optionativsubstitited heterooyeloalkyl, and optionally substituted arvl;

gach R” is independently selected from halo, evane, eptionally substituted alkyl,
haloalkyl, SCN{E™Y,, and optionally substituted alkoxy,

wheretn B™ is hydrogen, optionally substituted alkyl, or optionally substituted
haloatkyl;

®* is hydrogen, optionally substituted alkyl, optionally substituted haloalkyl
optionally substituted eycloalkyl, optionally substituted aryl, optionally substituted
heterparyl, or optionally substintted heterocyeloalkyh;

R is hydrogen or aliov, or R and R together with the atoms o which they are
attached optionally form an optionally substituted four, five- or six-membered heteroeyelic
Ting:

R* is cyano, Of =OINRYRY, §0n-alkyl, halo, haloalkyl, or OGOIRY,

wherein each B™ and BY {s independently hydrogen, optionally substituted
atkyl, and optionally substituted haloafkyl;

R® is NH,, hale, optionally substituted alkyl, or optionally substituted haloalkyl; and

R is NHa, halo, optionally substitated alkyl, or optionally substituted haloaliod;

provided that when R and R form a S-membered heterocyelic ring that is optionally
substituted with hydroxyl, halo, or methoxy, R is cyano, R® s amino, and R is amine;

or a pharmacentically acceptable salt, isomer, or a mixture thereofl

2. The compound of claim 1, or & pharmaceutically acceptable salt thereof, wheretn the

compound 18 a compound of formuds (I
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N J{R2} "
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wherein:
nisiord;
mish L ordy
cach R s independently Cy gatkvl, Crghaloalkyl, Cagoycloalkyl, Gy
sheterocyeloaliovl, Oy ghetercarvl, Cgoparyd, halo, oyane, Csaparyl-ORY ¢ salkylene-Cs.
waryl, Cpgalkviene-Het, Crealkylene-Cs goycloalkyl, {ipgﬁik}’i@ﬂﬁ-{}ﬁiy? Crealkylene-
N{R D, o calkenviens-ORY, Cogalkenylene N{R ™), € salkylene-CEOOR™, .
salkviene-C=CINGR ™), Crsalkylene-C=0-Het, O-Cralkyiens-CEOORY, O satiovlens-
00 galkylene-CiE=MOR Y, Cusalkenylene NR ™), ORY, 00 alkviene-NR ™), 004
calkylene-CHEORMCHNER Y, - salkviene-Het, O-Crsalloylene-Ci=010RY, O-Cy_
salkyiene-C=0Het, O-Cpealkylene-OR, O-Cpealioylone-CHORMIC, saflovions-OR™, O-
Oz calkenviene-ORY, 00, salkenviens-N{R M, O-Cpsalbylene-NRPCEMORY, O-CLL
calkvlene-0-Craalkylene-Ci=MORY SOR Y, 8-Cealkylens-ORY, and SONRY™,,
whersin Het is Cqsheteroaryl or (o sheteroeyeloallyl, wherein R™ i3
independently hydropen, Crealkyl, Cighaloalkyl, Cageycloalkyl, Chpoaryi, C;.
sheterooveloalkyl, and Cygheteroaryl, wherein RY s independently hydrogen,
Creativl, € ghaloalkyl, Csparyl, and Cy gheteroaryl, whersin R
independently Crgalkyl, Cishaloalkyl, Cypcyeloalioyl, Coyoarvl, T
sheterooveloalkyl, and Cyshetercaryl, and wherein each of Het, R™, R and
Ry optionally substituted with one, two, three, or four membery
independently selected from halo, oxa, Crgalkyl, and Coparyl;
sach R7 is independently hale, oyano, Crgalkyl, Crshaloalkyl, SOLNR™),, wherein
R is hydrogen, Cealkyl, or O ghaloaliod;
R i3 hydrogen, Upgalkyl, Orshaloatkyl, Cagoyeloalkyl, Cooaryl, whersin the Oy
saliyl modety is optionally substituted with ~C{=CNRRY, wherein each B and RY ig

independently hydrogen, Oy aallyl, or Crshaloalkyl;
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5. < . 5 3 . . . .
R is hydrogen or Crealkyl, or R and R7 together with the stoms o which they are
attached optionally form a four-, fve- or six-membered hoterocyclic ring, wherein the

heterocyclic ring is optionally substituted with one, two, or three membery independently

7

dlected from halo, Cysatlyl, Crehaloalkyl, and NRPCONRY where R™ is hydrogen or O
salkyl, and RY is O galleviene-NHy, Oy alkylene-Ug soyeloalkyl, or O ghaloalloyl;

R* is eyano, CEOINRYRY, 804 Crsalicyl, halo, Cyshaloalkyl, or CEMRY, wherein
gach R™ and RY is independently hydrogen, Crsalkyl, or O chaloalkyl;
R is N, halo, Cygalkyl, or Cy shaloaliyl; and
R is NHp, halo, Crealkyl, or Crshaloatiyl

3. The compound of claim 1 or 2, or & pharmacentically acceptable salt thereof, wherein
each &' is independently methyl, chloro, fluore, cyano, tetrabydropyridinyl ~CHa-C=MMOH,
O HeCEOOH, -CHeCEOMOR, ~CHCE=0INH,, ~CHaCE0INCH )y, ~Coly-
C{=(NNH,, ~-CyHeCEOIN{CH Y, ~OiHe-CEOINH,, -CiHe-CEONCH Y, ~CHp- OG-
Het, CH-Of=0RHet ~CaHe-O{=0Het, O-CHpCE=0N00Hy, GO H-CEODCH,;, O-
CiHe-CEGOCH,, -CHp-Het, -CoHeHet, -Cilg-Het , ~CHy-ovclopropyd, ~CoHy-
eyvelopropyl, ~CsHe-cyclopropyl, -CHy-cyclobutyl, -Cole-oyclobutyl, ~CiHg-cvelobutyd, -
CHy-cyvclopentyl, -ChHs-ovclopentyl, -CsHg-cyclopentyl, ~-CHo-oyclohexyl, ~Col-
cveiohexyl, ~CiHg-cyclohexyl, O-CH,-NH;, O-OHe-NH;, O-CiHg-NH;, O-CH-N({CHs b, O~
CaHeN{CH ), GeCaHe-N{CH Y, O-CHp-Het, O-Colp-Het, O-CaHe-Het, O-CH-CE=OY0H,
O-CoHp-CEGHOH, O G Hp-CEOYOH, G-CH-CEO0CH,, O-CRe-C=0YOCH,, OG-
CEOYOCH, O-CHp-CEORHet, O-CHC{CH XCHOH ), S-CAHLO0H, S5-CaHOH, 80;-
phenvl, SQs-methyiphenyl, -SCq-sthyiphonyl, -SOs-cyelopropyl, -SOp-cvclobutyl, -80,-
cyclopentyl, -3 ChH-Het, ~-80,CH;, -SGaUHg, ~SGOHy, ~SOUHAOH, or ~SO,CHOH;
wherein Het is independently selected from piperidinyl, morpholinyd, piperazinyl, azepanyl,
fmidazolyvl, oxetanyl, azetidingl, pyrrolidingl, totrahydropyridinyt, 2-oxa-7-

azaspivo] 3. 5 lnonanyl, 2-oxa-G-azaspiro] 3. 4loctanyl, and &~oxa-1-azaspive[3. 3 Theptanyl,
wherein each of the piperidiny, morpholinyl, piperaziny], azepanyl, imidazolvl, oxetanyl,
azetidinyl, pyrrolidiny, tetrabhydropyridingt, 2-oxa-7-azaspivo{ 3. Soonanyl, 2-oxg-6-
azaspire]3.4loctanyl, &~oxa-1-azaspirol 3. theptanyl, evclopropyl, cyelobutyl, cyclopentvd,
and oyelohexyl moteties is optionally substituted with ons, two, theee, or four members

independently selected from fluore, chiore, methyl, ethyl, propyl, oxo, or phenyl,
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4, The compound of any one of claimy 1 to 3, wherein each R is independently fluoro,
chioro, bromo, iode, cyane, methyl, ethyl, propyl, fluoromethyl, difluoromethyl,
tritftuoromethyl, Hoorcethyvl, diffuoroethyl, wiffuoroethyl, and SONH,.

5. The compound of any ong of claims 1 o 4, wherein R’ is methyl, ethyd, propl, -CHp-
C{=OINH;, ~CHe-CEQING, ~Cile-CE0IN,, <CH-CEOIN{CH ), - s

CEOINICH ), ~Cillle-CEOIN{CH:), cyclopropyl, oyelabutyl, or phenyl.

8. The compound of any one of claims 1 to §, wherein R s OH-CfE=0WH,, -0 H,-
C{=OINH,, ~UiHeCEOINTD, SCHp-CE=0NNCH Gy, ~CoHe-CEMNCH by, ~OaHee

C{=OIN{CH ), oyclopropyl, oyclobutyl, or phenyl.

7. The compound of any one of claims 1 to §, wherean, &% s methyi, ethyl or

eyclopropyl

o o . : R A . .
a. The compound of any one of claims 1 o 7, wherein R 18 cyane, chiloro, bromo, lodo,

or O{=0CH;,

8. The componnd of any one of claims 1 to 8, whereln R s hydrogen, methyl, ethyl, or
§‘.’ o o X o ¥ o R

propyvi.

10, The compound of any of clatms 1 to 9, wherein 8 i NH,, chioro, fluore, methyl,

gthyl, or propyvl

il The compound of any of claims | to 10, wherein R is NH., fluora, chilore, methyl,
3 ¥

sthyl, or propyl.

12, The compound of any of claims 1 o 11, wherein RY and ®® together with the atoms to
which they are attached opticnally form a heterooyclic ring, wheretn the heterocyelic ring is
selocted from azstidinyl, morpholinyl, or pyrrolidinyl, wherein sach of the azetidingl,
morpholinyl, and pyrrolidiny! moisties s optionally substituted with 1, 2 or 3 groups which

ave independently Crg allyl, methoxy, ethoxy, halo, N{CHCEOKCHNH,,
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N{CHQC{E=OWHP,, N{CHHOEMCHCE,, N{CHCEMevelopropyl, NHCEOWH,NH;,
NHOEOWHE,, NHOEMCHCF,, KHOEOI CH evalopropy! or NHCEOyelopropyl

~

13, The compound of claim 12, wherein sach R is independently chioro, fluore, cvano,

methyl, SCrphenyl, -SCHCH,, or Oy Ci=010H,

t4,  The compound of any one of clatms 1 to 1, whersic

R® is methyl;

nistord;

and one R' s tetrabydropyridingd, CHp-OEGHOH, ~ColHp-CEM0H, Ol
C{=OpOH, -CHp-Cl=ONHD, ~CHy-CEMN(CH ), ~CoH-CEOINH,, ~CoHeCEONICH  ,,
~CaHg-Ci=(NHy, ~CaHe-CEMNCH )Y, -CH-CEOHet, CoHp-CleO-Het,-CiHg-C=0)-
Het, O-CH-CEOI0CH,, O-OH-Ci=0Y00 Hy, O-CiHe-CE000H,, ~OH-Het, ~Cily-
Het, ~CyHs-Het | ~-CHy-oyclapropyd, ~-Caleovelopropyl, ~Calgp-cyclopropyl, ~CHz-cyclobuiyd,
~CaHg-ovelobutyl, ~CiHge-eyclobutyl, -CHy-cyclopentyl, ~Calepovclopeniyl, ~Cile-
cyolopentyl, ~-CHy-oyelobexyl, ~CrHe-cyelohexyl, ~OaHg-oyolohexyl, G-CH-NH,, O-CH-
NHy, O-UsHe-NH,, O-CHy-N{CHa ), O-UHEN{CH b, O-OiHe-N(CH b, O-CHp-Het, O-
CaHetet, O-CiHe-Het, OCH-CEOOH, OWCoHa-CEGOH, OWCiH-CEMOH, OWCH-
CEOHCH, O-UHACEODCH;, O-CH-CEQYOCH,;, O-CH-CE=0-Het, O-
CHaO(CH CH O My, S-ChHLOH, 8-CiHOH, SGy-phenyl, 8Ch-methviphenyt, -50;-
ethyiphenyl, -SOy-cyvelopropyl, -SOy-oyclobutyl, -SOy-cyclopentyl, -SO,CH-Het, -S0,CH,,
ST Hs, 800G Hy, ~80,CHAOH, or ~80,CiHOH; wherein Het s independently selected
from piperidingd, morpholiny], piperaziny, azepauyl, imidazolyl oxetanyl, azetidingd,
pyrrolidinyl, tetrabvdropyridinyl, 2-oxa-T-azaspirol 3. Sinonanyl, 2-0x8-6~
azaspiro]3 4loctanyl, and 6-oxg-1-azaspiro] 3.3 Theptanyl, wherein sach of the piperidinyl,
morpholinyl, piperazinyl, azepanyl, imidazolyl, oxetanyl, azetidinyl, pyrrolidingl,
tetrabydropyridinyt, 2-oxa-7-azaspiro{3. Snonanyt, 2-oxa-S-azaspivo] 3 4loctanyl, 6-oxa-1~
azaspire] 3.3 theptanyl, cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl modeties is
optionally substituted with one, two, thres, or four members independently selected from

fluorn, chlore, methyl, ethyl, propyl, oxe, or phenyl

174



WO 2015/200352 PCT/US2015/037234

15, The compound of any one of claims 1 o 11, wherein:
cach R s independently meothyvl, chloro, fuoro, or eyano;
R is methyl or sthyl;
R i ovano or halo;
&° is N, hale, or Cpg allvl; and
R s NHy, halo, or €. alkyl;

wherein only one of R® and R is NH,.

16, The compound of any one of claims 1 to 15, wherein the compound it an (5

enantiomer,
17, The compound of any of claims 1 o 1§, wherein the compound is an (R)-enantiomer.

18, The compound of clatm 1 or 2, wheretn the compound is selected from the group
gonsisting oft

{S}-2-{cvclopropyl{{2 6-diamino-S-cyanopynmidin-4-yhamine nethyl d-oxo-3-
phenyt-3 4-dihydroguinazoline-S-carbonitrile;

{S2-{ovclopropyl (2 6-diamino-S-cyanopyrinidin-4d-ylamino methy)-§-fluorog-4-
oxo-3-phenyl-3,4-dihydroquinazoline-S-carboniirile;

{812 4-dlamine-6-{{{§-chioro-d-oxo-3-phenyl-3 d-dibrydroguinazolin2 -
v phenylmethyDaming pyrimidine-S-carboniteils;

{Si2-{eyclopropyl{{2 6-damino-S-cyanopyrimidin-d-vhamineimethyl 13-(3-
{diflnoromethyh-S-fluorophenyl pd-oxo-3, 4-dihvdroguinazoline-S-carbonitrile;

{5)-2 4-diammo-0-{{cyclopropyi(G-(-fluorophenyl-S-fmethylsolfonyl - deox0-3,4-

yimethyhaming fpyrimidine-S-carboniteile;

o

dibydroguinazolin-2
{8}-2,4-dlamino-6-{{oyclopropvi(3-(2-fluorophenyl} S-(methyisulfonyD-4-ox0-3,4-
diydrogquinazotin-2-yhimethyDaminolpyrimidine-S-carbonitrile;
{8)-2 4-damino-8-{{cyclopropyi(3-(2-Tuoropheny - 3-(methylsulfonyi - 4-050-3,4-
dihydroquinarolin-2-yhHimethylaminopyrimidine-S-carbonitrile;
{8}-2,4-dismino-S-{{oyclopropyl(3-{2 s-difluorophenyli-S-{methylsulfonyl -4ooxo-
3 4-dihydroquinazelin-Z-yDmethyljamine pyrimidine-S-carboniinileg
{S&y2-{oyelopropy (2, 6-diamine-S~ovanopyrimidin-d-vilamine imethyi}-6-flnore-3-

{3-flusrophenyi4oxo-3 4-dihydroguinazoline-E-carbonitrile;

A
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{8¥y-2-{cyclopropyl{(2,6-diamino-S-cyanopyrimidin-dyhaming methyl)-6-fuoro-4-
oxo-3-phenyl-d 4-dihydroguinazoline-8-carbonitrile;

{53-3-(5-chloro-3-3,5-diflucrephenylp-d-oxo-3 4-dihydroguinazolin 2-yD-3-{(2 &~
dizmino-S-eyanopyrimidin-d-yhamino N N-dimethylpropanamide

{3)-3-(5-chioro-4-oxo-3-phenyl-3 d-dihydroguinazelin-2-yD-3-(2,6-diamino-5-
evanopyrimidin-d-yhaminoe N N-dimethylpropanarade;

{812 A-damino-&{{3-Groyvane-3-Huorophenyl - Sanethyl-d-oxo-3 4~
dthydroguinazolin-2vwioyelopropylimethyl lamino pyrimidine-S-carbonitrile;

{832, 4-dlamino-6-{{cyclopropyl{3-(3,5-difluorophenyli-S-methyl-d-oxo-3,4-
dibydrogquinazelin-2-yDmethyDamino jpyrimidive-S-carbonitrile;

{8)-2.4-diamino-6-{{{ S~chilore-3-3 S-difluorophenyl}-4-oxo-3 4-dihydroguinazolin-2-
viXeyelopropyDmethyl iamino}pyrimidine-S-carbonitrils;

{8}-2,4-damino-&-{{cyclopropyi(3-03, 5-difluorophenyl}-5-Ruore-4-ox0-3 4~
dibydroguinazolin-2-yDimethyl laminolpyrimidine-S-carbondtrile;

{82 4-diamino-6-{{ovalopropyi S-fluore-3-(-flucrophenyh-4-ox0-3 4«
dibydroguinazolin2-yimethyDamine jpyrimidine-S-carbonitrile;

(812 4-diamino-6-{{oyclopropyl{6-flnoro-3-(3-fluorophenyly-4-0x0-3 4-
dilydroguinazelin-2-yDimethyDaming Jpyrimidine-S-carbontirile;

{SP2-{1-{{S-acetyl-2, 6-daminopyrimidin-4-yhaminoethyl}-S-chloro-3-(3,3-
diffuorophenyliquinazolin-4(3H}one,

2 A-dlamino-6-{(283-2-(S~chlore-3-(3,5-diffvorophenyl}-4-oxe-3,4-dihydroguinazolin-
2-yd-methoxvpyrrolidin: - vipyrimidine-S-carbonitrile;

{(S3-2-(1-{{(G-amino-S-bromo-2-methylpyrimidin-&-yhamine jethyl-3-chloro-3-
phenviguinazolin-43Hone;

{S}-2-(1-{{S-amino-S-bromoe-2-methylpyrimidin-4-yhaminolethyl}-§-chlore-3-(3, 5«
diflucrophenviiquingeolin 4 (3H kone;

{81-2,4-diamino-6-{{ 1 -{§~{2-morpholinoethoxyy-4-oxo-3-phenyl-3,4-
difbydroguinazoiin-2-yhethy laming jpyrimidine-S-carbonitrile;

{832, 4-disminoe-6-{{1-(5-{2-{azepan-T-yhicthoxyl-4-oxo-3-phenyl-3,4-
dikydroguinazolin-2-vhiethyDamine pyrimidine-S-carboniinle;

(2 A-damine-6-((1~{4-ox0-3-phenyl-53-{ 2-{pyrrolidin- LyDeothox yi-3,4-

dihydroguingzolin-2-yhethyDamino jpyrimidine-S-carbondtriie;

176
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{Sisopropyl 2-(2-{1 {3, f-Hamino-S-cyanopyrimidin-d-vDaminolethyi -4-0x0-3-
phenyl-3 d-dihvdroguinazolin-S-yDonylacetate;

{832 4-diamino-6-{{1 -{4-0x0-8-(2-2-oxopyrrolidio-Lylethoxy)-3-phenyi-3 4-
dibydroguinazolin-2-yDethyDaminopyrimidine-S-carboniteile;

(932 A-damino-6-{{ 13- -(dimethylaminejethoxy4-oxo-3-phenyl-3,4-
dibvdroquinazeln-2-vhethyDaminepyrimidine-S-carbonitrile;

{833, 4-diamine-6-{{1 -{4-0x0-3-{Z-oxo-2-{piperidin- 1 -vijethoxyp-3-phenvie3,4-
dihydroguinazolin-2-yljethyDaminejpyrimidine-S-carbonitnile;

{83-2,4-diamino-8-{1-(5-{3-hydrogy-2-(vdroxymethyl -2 smethyipropoxy)-d-oxo-3-
phenyl3d 4-dibydroguinarolin-2-vijethyDaming jpyrimidine-S-carbonitrile;

{832 A-Hamino-6-{{ {d-oxo-3-phonyl-5-{3-{piperidin-L-viethoxyi-3 4~
dibhydroguinazoelin-2-vDethylamino lpyrimidine-S-carbonifrile;

(S 12 4-dlamno-6-{{ 1 -{4-ox0-3-phenyi-5-2-{4-phenylpiperazin-T-yhethoxy)-3,4-
ditwdroguinazoelin 2-yhiethyllaminopvrimidine-S-carboniirile;

{8132 4-damino-6{{ 1-{§-2-2-methyl- | H-tmidarol- 1 -yl }ethoxyh-d-oxo-3-phenyl-3,4~
difiwdroguinazolin-2-yhethyDaminelpyrimidine-3-carbonitrile;

2 4-dlamino-6-{{{1 $}-1-{5--{ L-methylpyrrolidin-2-vijethoxy)-4-oxo-3-phenyl-3,4-
dihydroguinazolin-2~ylethyDamine jpyrinddine-S-carbonitrile;

{8)-2,4-diamino-6-{{}-{(§-{{3-methvloxetan-3-yhmethoxyi-4-oxo-3-phenyi-3 4~
dihydroguinazolin-2-yDethy amine lpyrimddine-S-carbomitrile;

{832 d-dHamino-6-{{ 1-{ 5-{Z-morpholine-2-oxoethoxy}-4-oxe-3-phenyi-3 4-
dilvdroguinazelin-2-yhethvl iaminopyrimidine-S-carbonitrile;

{832, 4-diamino-&-{{ 1-{5-2-{4-methylpiperidin- 1 -y-2-oxoethox yi-d-oxo-3-phenyl-
3 d-diydroquinazolin-2-yhethyhaminojpyrimidine-S-carbonitrile;

{833-{2-{ 12, f-lamino-S-cyanopyrimidin-d-yamineethy d-oxo-3phenyi-3 4-
dihvdroguinazolin-S-viipropanamide;

{83 32-(1-{(2, 6-diamino-S-cyanopyrimidin-4-yDamine jethvl 3-8-Husro-4-0x0-3-
phenyi-3 d-dihvdroguinazolin-S-ylipropanamide;

{(S¥3-2-(1-{{2 &-diamine-S-oyanopyrimidin-d-vyhaminoyethy3-3-(3, 5+
diftporophenyl -8-fuore-d-oxe-3 4-dihydroguinazolin-S~vhpropanamide;

{S3-3-2-(1 {3, 6-Hamino-S-cyanopyrimidin-d-ylaminoothyl}3-{3,5-

diffuorephenyl pd-oxo-3 4-dihydroguinazolin-S-vlipropanamide;
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{83321 -{{2,6-dizmino-S-chloropyrimidin-4~yvhamino ethyi 3 3-(3,5-
diflucrophenyl}8-flumro-4-oxo-3 4-dibhydroguinazolin-S-yljpropanamide;

{S}32-{1-{(2, 6-diamino-5-chloropyrimidin-d-yDamino yothyi - 3-(3,5-
diffuorophenyl ldeoxo-3, 4-divydroguinazolin-S~-ylipropanamide;

(N33 2-(1-{2 S-diamine-S-chioropyrimidin-d-yhamdne jethyi}-4-oxo-3-phenyl-3, 4-
dilydroguinarolin-S-ylipropanamide;

{8 3-3-2-{1 {2, 6-diamino-S-chloropyrinudin-4-vhaminojothyh-8-fluoro-d-ox0-3-
phenyl-3 d-dibydroguinazolin-S—yDpropanamide;

{832 d-diamino-&-{{ I -{d-oxo-3-phenyl-5-3-(pyrrolidin- 1y propyi)-3,4-
dihydroquinazolin-Z-yhethyDamine pyrimidine-S-carbonitrile;

{8}-2,4-damine-6-{{(1 -{4-oxo-3-pheny-5--{piperidin-L-ylipropyl}-3 4-
dihydroquinazolin-2-vijethyDamino pyrimidine-S-carbonitrile;

{832 4-diamine-6-({ 1 -{5-03-3 3-difluoropyrrolidin- Loyhipropyl-4-0x0-3-phenyl-3 4-
dibvdroguinazolin-2-ylsthyDamine pyrimidine-S-carbonitrile;

(532, 4-diamino-6-{{ 1-{5-3-{4 A-diffuoropiperidin-L-yDpropylp4-oxo-3-phenyl-3,4-
dilvdrogquinazolin-2-vDethyhDamino jpyrimidine-S-carhontirile;

3 d-diamyine-6-{{1 5 -1 -(5-(3-{3, 5-dimethylmorphalinoipropyli-4-ox0-3-phenyi-3,4-
dihydrogquinazelin-2-vhiethyDamine jpyrimidine-S-carbonitaile;

{(§)-2,4-diaminoe-6-{{1 -(&-Tuoro-4-ox0-3-phenyl-5-3-(pyrrolidin--vhpropyl)-3,4-
dihydroguinazolin-2-vhethyDamino lpyrimidine-S-carbonitrile;

(832, 4-diamine-6-{(1-{3-(3,5-diffuorophenyl}-4-oxo-3-G-{pyrrolidin-1-ylipropyl)-
3 4-dihydroguinazolin-2-yhethyhaminoypyrimidine-S-carbonitrile;

{S1-2,4-diaming-G-{{ 1-{5-(3-{2,2-dimethvimorpholinopropyl}-4-oxo-3-phenyt-31,4-
dihvdrogquinazetin-2-vDethyDamine pyrimidine-S-carbonitrile;

{832 4-tHamino-G-{{ 1-{5-(3-{3,3-dimethylmorpholino)propyl-4-oxo-3-phenvi-3,4-
dithydroguinazolin-2-vhethyDaming ipyrimidine-S-carbonitriie;

{832 4-diamine-6-{{1-{4-oxo-3-phenvl-5-3-(2,2,6, 6-tetrafluoromorpholineYpropyi -
3 d-dihvdroguinazoline2~vijethvDaminolpyrimidine-S-carbonitrile;

{832 4-digmdno-0-{{ 1 -{5-3-3,3-dithwropyrrolidin-L-vipropyl -8-fluoro-4-0x0-3-
phenyi-3 4-dihvdroguinazolin-2-yDethyhamino jpyrimidine-S-carbonitrile;

{832, 4-diamino-6-{{eyvclopropyi{$-oxo-3-phenyl-5-(3-{pyrrelidin- L -vipropyli-3,4-

dihydroguingzolin-2-yhHmethylamine)pyrimidine-S-carbonitrils;
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{832, A-diamino-6-{{cyclopropyi{d-oxo-3-phenyl-5-(-{piperidin-1-yhpropyl 13,4~
dihydroguinazelin-2-ylmethyDamino)pyrimidine-S-carbonitrile;

{8)-2 4-diamino-&-{{evelopropyi(¥-fluoro~-d-oxo-3-phenyl-S-3-{pyrrolidin-1-
yihpropyiy-3d-dihydroguinazolin-2-yhmethylaminolpyrimidine-S-carboniirile;

{§)2 4-diammno-6-{{oyclopropyi 8-fluoro-4-oxo-3-phenyl-5-3-{piperidin-1-
yhpropyl 3, 4-dihydroguinazolin-2-yUmethyDamine jpyrimidine-S-carbonitrile;

{5 }-2-amino~-4-chloro-&-{{eyclopropyi{4-oxo-3-phonyb-5-G{pyrrolidin- L-yDpropyl)-
3 d-dihvdroguinazolin-2-vlmmethyDamino jpyrimidine-S~carbonitrile;

{52 d-Hamino-6-{{1 {5 -morpholinopropyli-4-oxo-3-phenyt-3,4-
dihydroguinazolin-2-yDethylamino)pyrimidine-S-carbonitrile.;

{Sd{ (1 -{5-(3-2-0ona-G-azaspiro 3. 3 theptan-G-yDipropyi 4o o-3-phenyl-3 4-
dihydroguinazolin-2-yDethyDamine -2, &-daminopyrimidine-S-carbonitrile;

SR {5-G-oxa-O-azaspire{ 3 dloctan-S-vhipropyl -4-oxo-3phenyl-3,4-
dibydroguinazolin-2-yhethyllamine -2, 6-diamminopyrimidine-S-carbonitrile;

{S34-{{ 1 -{5-3~{2~oxa-T-azaspiro] 3. S nonan-T-vDipropyh i-4-oxo-3-phenvi-3,4-
dibpdroguinazolin-2-vhethyhamine -2 S-diamimopyrimidive-S-carbonitrile;

{S)-2,4-diantino-6-{{ 1-{5-(3-cvclohexvipropyi-d-oxo-3-phonyl-3,4-
dibvdroquinazolin-2-yhethvhaminopyrimidine-S-carbontirile;

{8 }2~aming-4-chiore-6-{(1-{5~chloro-&-fluorg-d-oxo-3-phenyl-3,4-
dihydroguinazolin-2-yhDethyl mino)pyrimidine-S-carboniirile;

{8)-2,4-diamino-6-{2-{S-chlore-3-(3,5-difluorophenyl-deoxo-3 4-dihydroguinazolin.
T-vhazetidin-1-ylpyrimidine-S-carbonitrile;

{8132 4-dismino-6-{2-{S~chloro-4-oxg-3-phenyl-3 4-dihvdrogquinarolin-2-yDazetidin.
1-ylpyrimidine-S-carbonitnile;

{$34-2-(1 {2, 6-diamino-S-cvanopyrimidined-yl laminolethyh-doxo-3-phenyl-3,4-
dibydroguinazolin-S~ylibutanoic acid;

{S34-{2-(1-{2 6-diamine-S-cvanopyrimidin-d-vhpyrrolidin- 2.y d-ox0-3-phenyl-3 4~
dihydrogquinazotin-S-yibutanoic acid;

{S34-(2-{1{{2,6-damino-S-cyanopyrimidin-4-yHamineyethvi-3-03,5-
diffucrophenyl p4-0x0-3 4-dihydroguinarolin-S-viYhotanoic acid;

(8)-2 d-diamino-6-{2-3-3-Huorophenyl - S-{methyvlsulioayld-oxo-3,4-

dihydroguinazolin-2-yhpyrrolidin- Loyhpyrimidine-S-carbonitrile;
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{832 4-diamine-6-{2-3-(2-fuorophenyl-S-{methyisulfonyl 4 -oxe-3 4~
dihydroquinazoiin-2-yhipyrrolidin:- ylipyrimddine-S-carbontinile;

(512 4-dlamino-6-(2-(3-2-uorophenyl}-S-{methylsulfonyl pd-oxo-3,4-
difiydroguinszoline-2-vDpyrrolidin-1-yDpyveimidine-S-carboniirile;

{82, d-diamine-6-{2-3~{2,5-difluorophenyl}-S-(raethylsulfon yli-d-oxa-3 4~
dihydroguinazolin-2-yhpyrrolidin-L-vlipyrimidine-3-carboniinile;

{532 4-diamino-o-{{1-(3-O-fluorophenyii-4-oxo-S~{phenylsui fonyl}-3,4-
dihydroquinazolin-2-yhethyhamino}pyrimidine-S-carbonitrile;

{832 d-damino-&-(3-( 3-3-Huoropheny - S-{methylsulfonyl-d-ox0-3,4-
diliydroquinazelin-2-yhpyrrolidin-I-yDpyrimidine-S-carbonitrile;

{812 4-dlamine-6-{{ 1-3--Huorophenyl1-5-{(2-hydroxyethyDsulfonyl 4-oxo-3,4-
dibydroquinarolin-2-vi jethylaminoipyrimidine-S-carbonitrile;

{832, 4-dlaming-g-{{ 1 -(3-3-Tuorophenyl-5-((2 hydroxyethylithio)-4oxo-3 4+
dihydroguinazelin-2-vllethyDaminolpyrimidine-S-carbonitrile;

{832, 4-dlamino-6-{{1-{3-{cyclopentylsulfony - 3-3-fluorophenyl d-oxo-3,4-
dibydroguinazolin-2-yhethyhammnolpyrimidine-S-carbonitrile;

{8)2 4-diamine-6-{{1-(3-(3~Moorophenyl -4-ox0-S<{o-tolylsulfonyl}-3,4-
diliydroguinazolin-2-vljethyDamino jpyrinudine-S-carhontirile;

{82, d-diamino-6-{{1 -{3-(3-flucrophenyl y-d-oxo-3-{(2-{pyrrolidin- 1~
yhethyhsulfonyvi-3 4-dihydroguinarolin-2-vljethyDamino pyrimidine-S~carbonitrile;

{2, 4-dlamine-6-2-{3~chioro-3-{3,5-difluorophenyl}-4-oxo-3 A-dilydroguinazolin.
Zeyvhipyrroiidin yhipyrimidine-S-carbonitrile;

{52, 4-damino-8-{2-{S-chiore-3-{3,5-difluorophenyl-S-methyl-4-0x0-3 4~
difydroquinazolin-Z-vhipyrroldin-L-yDowimidine-S-carbonitrile;

{832 Adizmine~-6-(2-{8-chloro-3-3, S-difluorophenyi}d-oxo-3 d-dihydroquinazolin-
2-ylpyrrelidin-L-yhpyrimidine-S-carbonitrile;

{(}2.4-dlamine-6-{2-(3-(3,5-difluorophenyl}-&-methyl-d-oxo-3 d-dihvdroguinazolin.
Z-yhipyrrolidineL-vhpynimidine-S-carbonitrile;

{92 4-daming-6-(2-3-03, S-diftuorephenyl - S-Huore-4-oxo-3 d-dibydroguinazolin.
2-yhipyrrolidin- Loylipyrimidine-3-carbonitrile;

{812, 4-damino-6-2-{S~chlore-3- 3-cvano-S-fluorophenylid-ong-3 4=

dihydroquinazolin-2-ypyrrotidin- -yl jpyrimidine-S-carbonitrile;
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{$)-2-{1-{2 S-dignino-S-cyanopyrimidin-d-yhpyrroldin-2-yvii-4-oxo-3-phenyl-3,4-
dibhvdrequinazoline-B-carbonitrile;

{)-2-{ 142, 6-damino-S-cvanopyrimidin-4-vlpyreodidin-2~y13-3-3+
{diffuoromethylpheny-deox0-3 4-dihydroquinazoline-8-carbonitrile

{8335, R-dichlore-2-(1-{2,5-dlaming-3-cvanopyrinidin-tvhpyrrolidin.2-y4-
oxoguinazolin-3(dH -yl benzenesulfonamide;

(305, 8-dichloro~2-{ 1 -{2 &-diamino-S~cyanopyrimidin-d-vlpyrrolidin 2oyl -4~
ooguingzolin-3{(4H v benzenesalfonamide;

{332, 4-diamino-6-{{1-{$-ox0-3-phenyl-53-(1,2 3 G-tetrahydropyridind-yi)-3 4~
dibydroquinazolin-2-yDethyDaminepyrimidine-S-carbonitrile;

2 d-dlamine-6-{{28 4R 3-2-(S-chloro-4-oxo-3-phenvi-3,4-dibydroguinazolin-2-yl}-4-
methyipyrrolidin- T-yhpyrimidine-S-carboniirile;

2, dedlamino-6-{{28,4R }2-{ 3-chloro-3-{3, 5~-difluorophenyl}-4-ox0-3 4~
dihvdroguinazolin-2-y-4-fuoropyrrolidin-1-yhipyrimidine-S-carbonitrile;

{§3-2-amino-4-{{1-{3-chloro-4-oxo-3-phenyl-3 4-dihydroquinarolin-2~
vhethyllamino bo-methyvlpyrimidine-S-carbondinie;

{S)2-{ 1-{{2-aming-S-iodo-s-methvipyrimidin-4d-yhaminojethvl }-S-chlorg-3«
phenvigquinazolin-4{3H}-one;

{(8)-d-gmino-6-{{ 1-{3-chloro-4-oxo-3-phenyt-3 4-dibydroquinazotin-2-
yvhethyhamino»3-methyipyrimidine-S-carbonitrile;

(Hdeamino-S-{{1-{S-chloro-3-(3,5-diflvorophenyh-d-oxo-3 4-dibydroguinazolin-2-
vhethyamine2-methylpyrimidine-S-carbonitnile

{R)-S-chloro-2-{4-{2,6-dlamino-S-chioropyrimidin-d-yhHimorpholin-3-v1}3-3-
phenyiquinazolin-4{3H}-one {0},

{R)-2-amino-d-chiore-8-{{ 1-{5-chloro-4-oxo-3-phenyl-3 4-dihvdroquinazolin-2-
yhethvDaminopyrimidine-S-carbonitrile;

{(8)-2-gmino-d-chitore-6-{{1-{3-(3,5-diflnorophenyi - 5-fHuoro-d-0%0-3,4-
ditydroguinazolin-2-yDethylamino}pyrimidine-S-carbonifrile;

(§3-Z-aming-4-chioro-8-{{1-{S-chlore-3-{3, 3-diftucrophenyl}-4-oxo-3,4-
dihvdroguinazolin-2-yhipropylaming)pyrimidine-S-carbonitrile;

{S)-d-amino-2-chloro-6-{{ 1 -{ S-chioro-4-axo-3-phenyl-3 4-dihydroquinazolin.2~

yiiethyDaminojpyrimidine-S-carboniinile;
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{S)-2-amino-4d-chloro-6-{{1-{5~chloro-3-{3, S-difluorophenyi}-4-ox0-3 4~
dihydroguinazolin-2-yDethyl lamine)pyrimidine-S-carbonitrile;

{S}-d-aming-G-{{ 1 -{ S-chloro-4-oxo-3-phenvi-3 A-difydroquinazolin-2-
vhethyhamine +2-Buoropyrimdine-S-carbomirile;

N-{(AR 583-5-(S-chloro-d-uxo-3-phenyl-3 d-dibvdroguinazolin-2-y - 1-(2,6-diaming-
Segyanopyrimidin-d-ypyrrolidin-3-yi}3-2,2-difluorcacetamide;

N-{{38,58)-5-{ S-chigro-4-oxo-3-phenyl-3,4-dihvdroguinazolin-2-yi}- 1 -{2,6-diamino-
S-gyanopyrimidined-yhpyreohidin3-v1}-2, 2, 2-triffuorcacetamide;

NABRI8-5-{Schloro-3-(3,5-difluorophenyl y-4~oxo-3,4-dibvdroguinazolin- 2.yl 1~
{2, 4-diamine-3-cyanopyrimidin-d-ylpyrrolidin-3-v1-2 2-difluoroacetamide;

N-{(R,$5-8+{ S~chloro-3-{ 3-{difluoromethyl-S-Huorophen yi}-d-0x0-3,4-
dihydrogquinazolin-2-yii-1-(2,6-diamino-S-cyanopyrinmidin-4-ylpyrrolidin-3-yi3-2,2-
diftunroacetamids;

N-{{3R,58)-1-(2 O-diaming-S-cyanopyrimidin-4- vI3-5-03-3, S-difluorophenyl)-5-
flusre-d-ox0-3,4-dihydroguinaselin-2-vlipyrrolidin-3-vi -2, 2-difluorcacetamide;

N{(3R, 58102, 6-dHamino-S-cyanopyrimidin-d-y11-5-G-3-{difluoromethyh-5-
fuorophenyi-S-fluoro-d-oxo-3 A-dihvdroquinazoln-2-vhpyrrolidin-3-v1)-2,2-
diftluoroscetamide;

N{{IR, 38 1-5+{ S~chloro-3-3 5-diftuorophenyl)-4-ox0-3 4-dihydroquinazolin-2~yi}- 1 -
{3 s-diamino-S-cyvanopyrimidin-d-vhpyrrolidin-3-y1)-2, 2~difluoro-Nemethylacetamide;

N-{{3R, 58 }-5-(5-chloro~d-oxo-3-phenyl-3 d-dihydroguinazobin- 2.y 1-(2,6-diamino-
Segyanopyrimidin-d~-yhpyrrolidine3-yh-Z-cyclopropylacetamide;

2-amino-N-{{ 3R, 38}-5-{S-chlorg-d-ox0-3-phenyi-3 4-dihydroquinazolin-d-vi}- 1-(2,6-
dimmnino-S-cvanopyrimidin-4d-vlipyrrolidin-3-yhacetamide;

Z-gmino-N-{(3R, 583 §~chlorp-3-{3,5-diffuorophenyl b-d-oxe-3,4-
dihvdroquinazolin-2-y1H-1-2,6-diamino-S-cyanopyrimidin-4d-ylpyrrolidin-3-yhacetamide; or

a pharmacsutically acceptable salt thersof.

19, The compound of any of claims 1 o 18, wherein the compound {5 an afropisomer.
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20, A phamaceutical composition comprising a compound of any one of claims 1 40 19
or & pharmaceuticsily accoptable sall thereof, and at least one pharmaceutically acceptable

vehicle

21 A method for method of treating a human, who has or is suspected of having a disease
or eondition responsive or believed 1o be responsive (o the inkabition of PI3KS activity,
comprising administering o the human a compound of any one of claims 1 0 1% ora

phanmacentically acceptable salf thereof

22, The wethod of claim 21, wherein the disease is selected from the group consisting of

¥

acute lvmphocoytic leukemia (ALL}, acute myeloid leukemia (AMLY}, chronic lymphogytic
fevkemis {CLLY, small lymphooyviic Ivmphoma (SLL), myelodysplastic syndrome {MDE),
myeloproliferative disease (MPD}, clvonie myeloid leukemia ({CMLY, juvenile
myelomonocytic leukernia (IMMLY), multiple myeloma (MM}, Hodgkin lymphora, indolent
non-Hodgkin's lymphoma (INHL), refractory INHL, non-Hodgkin’s lymphoma (NHL3,
mantle cell lymphoma (ML), follicular ymphoms, Waldestrom”s macroglobolinemia
(WM}, minimal residual discase {MRD), Tecell ymphoma, B-cell lmphoma, diffuse large
RB-cell lyinphoma (DLBCL), T-cell acute fymphoblastic leakemia {T-ALLY, B-coll acute
tymphoblastic levkemia (B-ALL), lymphoplasmacytic lymphoma, marginal zone lymphoma,
Rurkitt ymphoma, pancreatic cancer, bladder cancer, colorectal cancer, breast cancer,
prostate cancer, renal cancer, hepatocelldar cancer, lung cancer, ovarian cancer, cervigal
cancer, gastric cancer, esophageal cancer, head and neck cancer, melanoma, nesroendocring
cancers, CNS cancers, brain tumors {e.z., ghoraa, anaplastic oligodendroghoma, adult
gliohlastoma multiforme, and adult anaplastic astrocyioma), bone cancer, soft iesue sarcoma,
systemic lupus erythematosus (SLE), myestenia gravis, rhewmatoid arthrits (RA), psoriasis,
acute disseminated encephalomyelitls, idiopathic rombocytopenis purpura, multinle
sclerosis (MS), Sjoegren’s syndrome, psoriasis, autoimmune hemolytic anemia, asthima, and

chromic obstructive pulmonary disgase (COPD).

23, A method of inhibiting the activity of a phosphatidylinositol 3-kinase polypeptide by

contacting the polypeptide with the compound of sny of claims 1418,
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24, A method of inhibiting excessive or destructive ivnune reactions or growth or &
proliferation of cancer cells, comprising administering an effective amount of the compound

of any of claims 1-19,

25, A kit comprising the compound of any of claims 1-19 and a label andior instructions

for use,

26, The compound, a pharmaceutically acceptable salf, isomex, or a mixture thereof of

any of claims 1-19 for use in therapy.

7. The compound, a pharmaceniically accepiable salt, isomer, or a roixture thereof of

any of clatmg 1418 for use in a method of treating of any of claim 21 or 22,

28, Lge of the compound, & pharmacentically acceptable salt, isomer, or 8 mixture thereof
of any of claims 1-19 for the manufbeture of a medicament for treatment of a discase or

condition of any of clabm 21 or 22.
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