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PHOSPHATIDVLINGSITOL 3-KINASE INHIBITORS

FIELD

REEEEY: The present disclosure relates generally to inhibitors of phosphatidylinostiol 3-
kinase (PI3K} activity and, more specifically, to novel compounds that are selective inhibitors

of PI3K isoforms,

BACKGROUND

{0302} Cell signaiing via 3"-phosphorylated phosphoinositides has been impHeated n a
variety of celhdlar processes, e g, matignant transformation, growth factor signaling,
inflammation, and dmwnundty. See generally Rameh e of, J Biol Chem,, 374:8347-8350
(1999}, The enzyme responsible for generating these phosphorylated signaling producis is
phosphatidylinositol 3-kinase (PI 3-kinase; PI3K). PI3K originally was identified as an
activity associated with viral oncoproteins and growth factor receptor tyrosine kinases that
phosphorylate phosphatidylinositol (P1) and its phosphorylated derivatives at the 3 -hydroxyl

of the inositol ring. See Panayotou ef al., Trends Cell Biol 2:358-60 (1992},

RERECH Presently, three classes of the PI 3-kinase (PI3K) enzymes ars distinguished,
based on their subsirate specificides. Class T PI3Ks van phosphorylate phosphatidviinositol
{(P1}, phosphatidylinositol-4-phosphate, and phosphatidylinositol-4,S-biphosphate (FIP,) to
produce phosphatidylinostiol-3-phosphate (PIP), phosphatidylinositol3,4-biphosphate, and
phosphatidylinositel-3,4,S-triphosphate, respectively. Class I PI3Ks phosphorviate PT and

phosphatidylinesitol-4-phosphate, whersas Class T PI3Ks can only phosphoryiate PL

{3041 The mitial porification and molecular cloning of PI 3-kinase revealed that it was 2
heterodimer consisting of p83 and pl10 subunits. See Otou er af, Cell, §5:91-104 (1991}
Hiles er ol , Cell, 741928 (1842, Since then, four dstinct Class 1 PIRKs have been
identified, designated PI3K «, §, §, and v, each consisting of a distinet 110 kDa catalytic
subunit and & regulatory subunit. More specifically, three of the catalytic subunits, e,
piila, pl10H, and pl108, cach interact with the same regulatory subunit, fe, p&5, whereas
pildy interacts with a distinet pl01 regulatory subunit. As described below, the patterns of

expression of each of these PI3Ks in houman cells and Hesues also are distinet,
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{BH0S] Identification of the pl 103 isoform of PI 3-kinase is desoribed in Chantry ef ol J,
Biol Chem., 272:19236-41 (1997}, It was observed that the human pl108 isoform is
expressed in a tissue-restricted fashion. [t is expressed at high levels in lymphocytes and
fymphotd tissues, suggesting that the protein might plav a role in PI 3-kinase-mediated
signating in the Immune system. Details concerning the pl 108 isoform alss can be found in
U.B. Patent Nos. 5,838,753, 5,822,910; and 5,985,589, each of which is incorporated heveln
by reference. See afee Vanhaesebroeck ef af |, Proc. Nail dcad Soi. US4, $64330-5 {1697y

and WO 97/46688,

HEHERY A need remains, however, for additional therapeutic agents useful to treat
profiferative disorders or diseases that are medisted by PI3K. The present invention provides

novel compounds that are inhibitors of FI3K isoforms.

SUMMARY

FREE The present application provides novel compounds that are inhibitors of PIRK
isoforms. The application also provides compositions, including pharmaceutical
compositions, kits that inchude the compounds, and methods of using and maldng the
compounds. The compounds provided herein are useful in treating diseases, disorders, or
conditions that are mediated by PI3K isoforms. The application also provides compeunds for
use in therapy, The application further provides compounds for use in a method of ireating a
disease, disorder, or condition that is mediated by PI3X isoforms. Moreover, the application
provides uses of the compounds in the mamufacture of 3 medicament for the freatment of a

disease, disorder or condition that {s mediated by PI3K isoforms.

R in one aspect, provided {s a compound having the structure of formula (T

wherain;

2
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At NorTH;
nis{, §, 2,3, ord;
misd 1,23, 3 0r 4
each R is independently sclected from optionally substituted alkyl, optionally
substituted haloatkyl, optionally substituted aryl, optionally substituted heteroaryl, halo,
eyano, NHC(=0)lkylens-NR ™), NOy, OR™, N(R™), OCEORY, CEORE, C=0oR Y,
aryl-OR Y, optionally substituted cycloalkyl, optionally substituted heterooysloalkyl,
NRPCEO lkviene-CEMORY, arvl-O-alkviene NgR ™ h, aryl-O-C=MR, alkylene-
CEMORY, alloylene-CEOINR Y, alkvlene-C(=0)-Het, O-alkylens-C=010R Y, allylene-
Oralkylene-CE=MMORY™, CEOINRISGRY, allvlena-N(R ), slkenviene-N{R ™),
CEOINR S alkylene-ORY, CE=0INR Palkylone-Het, Goalloylone-N{R ™), Cralicylene-
CHORMCHNR ™, O-alkviens-Het, O-alkylene-CEOORY, Oalkylons-Ci=0)-Het, 8-
alkylene-OR Y, Qratkylene-OR™, 00y satloviene- CH{OR V10 salkviene-OR Y, O-alkylene-
NRFCEGOR™, NR M aliovlene-NR Py, NRUCEORD, NRUPCEOINGR Y, N(SO-alkyly,
NRFECOp-alloyh), SOR, SCNR Y, alkyiens-anyd, alkylene-Het, alkylene-ORY, alkylens-
NER P, CECINGR Y, NHOEO alvlene-aryl, aryl-Gratkylene-NR ¥y, arvl-OCEORY,
NHC=O%lkylene-heterocyeloalkyl, NHCEOQalkylene-Het, O-allovlone-Goalkviens-
CEOORY, C=0alkyiene-Het, and NHCEOhalo-alkyl,
wheretn Het is optionally substituted hetevoaryl or optionally
substitutedheterocycloaliyl, wherein R¥ is mdependenily hyvdrogen,
optionally substituted alkyl, optionally substituted haloalkyl, optionally
substituted cycloalkyl, optionally substituted heterooyeloatkyl, and optionaily
substituted aryl,wherein RY s independently hydrogen, optionally substituied
alkyl, optionally substituted haloalkyl, optionally substituted aryl, and
optionally substituted hetercaryl, and whersin B is independently optionally
substituied alkyloptionally substituted haloalkyl, optionally substituted
cycloalkyl, optionallysubstituted heterocycloslkyl, and optionally substituted
aryl;
each R is independently selected from halo, cyano, optionally substituted alkyl,
haloalkyl, SONR™),, and optionally substituted alkoxy,
wherein R™ {s hydrogen, optionally substituted alkyl, or optionally substitwted

haloallopl;
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®? is hydrogen, optionally substituted atkyl, optionally substituted haloalkyl,
optionally sobstituied cycloalkyl, optionally substituted arvl, optionally substitated
heteroarvl, or optionally substituted hetercoycloalkyl;

R s hvdrogen or alkyl, or R” and RY together with the atoms to which they are
attached optionally form an optionally substituted four-, five- or six-membered heterocyehe
Ting;

RY s cyano, OEOINRPMRY, SO-alkyl, halo, haloallyl, or C=0R",

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

R® is NHy, hale, optionally substituted alkyl, or optionally substituted haloalkyl; and

R 13 NH,, hale, optionally substitnted alkyl, or optionally substituted haloalkyl;

or a pharmacseutically acceptable salt, isomer, or a mixture thereof

{8069 A compound having the structure of formula (1)
-~ {F{ﬂ}m
1 7 i
R L)

[i. "ﬁé ~ N 2

3

\‘,,-_;:’f.- ,r-'f-"K = g
[

- A”‘
Q%’Q\L’N’“\‘Tﬁ{
Ré" \f;f-'N
AU )1

Ads Nor CH;

nis L 2,3, or4;

migd, 1,2, 3 ord;

each R' is independently selected from optionally substituted alkyl, optionally
substituted haloalkyl, optionally substituted arvl, optionally substituted heteroaryl, halo,
cyane, NHCEO lkylene NR My, NGy, ORY MR M), OCEOIRY™, CEORY, O=010R D,
aryi-OR Y, optionaily substituted cycloalky!, optionally substitated heterooycloalkyl,
NRCEORlkylone-C=0Y0R ™, aryh-O-alkylene-NR ™, aryl-O-Ci=0R, alkylene-
CEGOR Y, allcylene-C{=0MNR MY, alkylene-C=0)-Het, O-alkylene-CE0IOR Y, alkyiene-
O-alkylene-CEOOR™, CEOINRSORY, alkvlene-N{R ™, stkenylane-N(R ™),
C{=CNR "alkylene-OR Y, C=CNR Palkylene-Het, Oalioylens-NER ™), G-alkyviens-
CHIOR™ICHN(R Py, O-alkylene-Het, O-alkylene-CEOIOR, Ceallivlene-CE0)-Het, 8-

4
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alkylens-OR™, Geallyvlene-OR™, Oy _salkylene-CHORMG,. salkylens-OR™, O- alkviene-
NRCEOIOR™, NR Y-atkylene-NR ™, NRUCEOR™, NRUCEOINGR™Y,, N(SO-alkyl),
NRMSOmalkyl), SORY, SCNER ™Y, alkviens-aryl, alkviene-Het, allvlene-OR'Y, alkylene-
NER ™, CEONER™),, NHCEO alkylone-aryl, aryb-O-alkylens-NER ), anyl-OCEORY,
NHCE=Okylene-heterocyeloatkyl, NHCE=O alkvione-Het, Gralkylene-O-alkyiene-
CEOIORY, Cf=0alkylene-Het, and NHC=0halo-alkyl,
wherein Het is optionally substituted hetercary! or optionally substituted
heterooyoloalkyl, wherein R™ is independently hydrogen, optionally
substituted alloyl, optiopally substinued haloalkyl, optionally substituted
cycloalkyl, optionally substifuted heterocycloaliyl, and optionally substituted
aryl, wherein R'Y ig independently hydrogen, optionally substitured alloyl,
optionally subetituted haloalkyl, optionally substituted aryl, and optionally
substituted heteroaryl, and wherein R is independently optionally substituted
alkyl,optionally substituted haloalkyl, optionally substituted cycloatkyl,
optionally substituted heterocyeloalkyl, and optionally substituted arvi;

sach R {s independently selected from hale, cyane, optionally substitated alkyl,

naloalivl, SONER™,, and optionally substituted alkoxy,
wherein R is hvdrogen, opti onally substituied alkyl, or optionally substituted
haloalloyl;

R* is hydro gen, optionally substituted alkyl, optionally substituted haloalkyl,
optionally substitated cycloalkyl, optionally substitwted aryl, optionally substinued
hetercaryl, or optionally substituted heterooyeloatiyl;

® s hydrogen or alkyl, or R and R® together with the atoms to which they are
attached optionally form an optionally substituted four-, five- or six-membered heterocyclie
g
R s eyang, CEOINRYRY, 80, -alkovl, hale, baloalkyl, or CE=ORY,
wherein each R™ and RY is independently hydrogen, optionally substituted
alkyl, and optionally substituted haloalkyl;

1548 NH 5, hale, optionally substifnted alkyl, or optionally substituted baloalkyl; and

R is NHy, halo, optionally substituted alkyl, or optionally substituted haloatkyl;

provided that when R” and B form a S-membered heterooychic ring that is optionally

i . 4. & . . 7 .
substituted with hydroxyl, halo, or methory, R7 {s eyano, R is amine, and R is amino:

1741
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R? s hydrogen, alkovl, haloalkyl, oycloalkyl, aryl, heteroaryl, or heterocycloalioyl,
wherein gach of the cycloalkyl, aryl, heteroaryl, and heteroeycloalkyl moieties is optionally
substituted with halo or alkyl, wherein the alkyl moiety is optionally substituted with -
CECINRTRY, wherein each R™ and RY is independently hydrogen, alkyl, or haloalkyl;

R is hydrogen or alkyl, or B and RY together with the atoms to which they are
attached optionally form a four-, five- or six-membered heterocyclic ring, wherein the
heterocyelic ring is optionally substituted with hale, alkyl, haloaliyl, or NRPCE=ORY,

wharein R™ is hydrogen or alkyl, and wherein RY {s alkyl, haloalkyl, cveloalkyl,
cycloatkylalkyl, or alkyi-NHa:

R* is oyane, CEOINRYRY, 80,R™, hale, haloalkyl, or CORY,

3™ and RY is independently hydrogen, atkyl, and haloalkyl;

wherein gach
R® is NH., halo, alkyl, or haloalkyl; and
R is NH;, hale, aiky, or haloalkyl;

or a pharmaceutically scceptable salt, isomer, or & mixture thersof

LIS In additional embodiments, the PI3K inhibitors are compounds having the
structore of formudae (8} or (I} wherein
nislor?;
misd Lord;
each B! iy independently Crgalkyl, Crshaloalkyl, Cogovoloalkyl, G
sheterooycloalkyl, Cagheteroaryl, Cogoaryl, hale, cvane, Cs. _:\g:v.zryi»QR“y, Chealkviens-Cg.
waryl, Upsalkylene-Het, Cyealkvlene-Cs soveloalkyl, CLealkvlene-ORY, C ealkylene-
NR ™, Crsalkenylene-ORY, O, salkenylene-N{R ™), Oy saliylene-CEOI0R™, O
salloyiene-CeE=OMR Y, Oy salkylene-Cf =(-Het, O-Cpsalkylens-CEOORY, Crgalioylene-
O-Cpsalkylene-CH=OYORY, O aatkenylens-NR ), OR'S, O salkylene-NR ), O-Cy.
salkylens-CHOR Y ICHNR ™, 040 calkviene-Het, 0-Cpealiyiene-Ci=0ORY, 0.0,
salkylene-C=0Het, 040 gatkylene-OR™, O-Csalkvlene-CHIOR MG, callylene-OR Y, O-
Cpsalkenylene-OR Y, O-0 calkenylens-N(R Y, O-Crealiylene-NR PCE=010RY, 040,
salkylene-O-Crsalkylene-C=00R Y SORY, 8.0 salkylens-ORY, and SONER MY,
wherein Het is Cy shetercaryl or O sheterocveloatkyl, wherein R is
independently hydrogen, Crealkyl, Crshaloalkyl, Crpovcloaliod, Cyparvl, Ca.
sheteroeyeloalkyl, and Cygheteroaryl, wherein R'Y is independently fydrogen,

Crsalkyl, Crghaloalkyl, Coparyl, and Cygheteroaryl, wherein R¥ is

e
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independentty Cygalkyl, Cpshaloalkyl, s goveloatkyl, Coaeanyd, o
sheterooyeloalioyl, and Cs gheteroaryl, and wherein each of Het, BY, &7 and
8% optionally substitited with one, two, three, or four members
independently selected from halo, oxe, Crsalkyl, and Coparyl;
cach B is independently halo, cyane, Crealkyl, Crehaloalkyl, SOHRNER™ Y, wherein
R {5 hydrogen, Crsalkyl, or Cyshaloaliov;
® s hvdrogen, Crealkyl, Oy shaloaliopl, Casoveloalkyl, Coroaryl, wherein the Cy.
calkyl moiety is optionally substituted with SC{=ORNRIRY, wherein each R and R¥ s
independently hvdrogen, Chsaliop, or Crghaloalkyl
R is hydrogen or Crealkyl, or R and R? together with the atoms to which they are
attached optionally form a four-, five- or siv-membered heteroeyelic ring, wherein the
heteroeyelie ring is optionally substituted with one, two, or three members independently
selected from hale, Cyealkyl, Cighaloalkyl, and NRFCEORY where R™ is hvdrogen or Cp
sallovl, and R is Oy salioviene-NH, Cr alkyviene-Casoveloalkyl, or Cyshaloaliyl
R is oyano, CEOMNRPRY, 8O- Crealiyl, bale, Crshaloalkyl, or CEORY, whereln
each B¥ and BY is independently hydrogen, Crealkyl, or Cpshaloalkyl]
R i NH, halo, Cygallovl, or Crchaloalinl; and
1" is N, halo, Uy galkyl, or Cshatoalkyl;

ot & pharmaceutically acceptable salt, lsomer, or a mixiure thereof

{8013 T other embodiments, the PI3K inhibitors ave compounds having the structure of
formulae (3} or (1) wherein

nistord;

mis 9, 1, ord;

sach R’ is independently Creatkyl, Cishaloalkyl, Ceaoaryl, Cogheteroaryl, Usx
eycloaliovl, (s sheterocyeloalioyl, halo, cyane, Oy gatkylene-C=00H, Ceatkylene-
C{=N00 Lgatiol, 8 .gaiky?@n@eE{ﬁ(}}«{?g,ghﬁtemcycif}:ﬂkyﬁ, Crsalkyviene-CE0nCh
seveloatkyl, Crealkylene-C=OiNH;y, O ealkviene-CEOW{CLealkylh, Creatkylens-
CEOINHC galkod, Cysatkylens-0-Cy salloylene-C{=O0M0H, Cr.galbviens-O-C galkylene-
CEOYOC salkyl, Crsalkviene-Ceyparyd, Csalkyiene-Cy sheteroaryl, Craalkylens-Cy
gheterocycloatkyl, Cy.sallvione-Cspoveloalkyl, Crsalkylene-OH, Cig alkyviene-0OCsalkyl, O-
Cealkyvlene-N{Crgalky, O-Crsallovlene-NHC galky, OaCsatkvlene-NH,, O-Cgaliylenes
CROMIC, salkyINH,, G- galkyt ene~-CH{OMIC LsatkyN(CLealkylly, O-Crsalkylene-

(947
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CHOMT 1 aalkyINH Oy salkyl, O-Cpsatkviene-UH{OC LaalkyDO salkyINH,, - galkylens-
CHOU LealloyDC LaalkyIN(Crealkyll, O-C Lealivlone-CH{OC L aallyDCalkyINHC galkyl,
00 galtkviens-Cy sheterocyeloalioyd, O-Cysalkyiene-Cysheteroaryl, O-Crealicylene-
CEOYOH, O-Cpsalkviene-Cl=00C L salkyl, O-Cgalkylene-OE01Cr sheterooyeloalioyd, O
Cgalkviene-C(=M0C; peyeloaliyl, O-C ealkyiene-C{=OY0Ceparyl, O-Cygalkylene-(H,
-0y salkylene-OC; goveloalkyl, O-Crgalloylene-0CE sallevl, O-Cysalkylene-CH{OH L
salkviene~-OH, O-Cpgalkylene-NHOEFOWOH, OO Lgatkylens-0-Cpgalioylene-C{=000H,
Q8O,CFs, 8-Chgalkvions-OH, SO0 sallovlene-Crgheterooyaloalkyl, SO vy, SORCy
soyeioatiyl, 800 salkylene-OH, SON{Cysaliovl)s, or 830 NHy;
wherein sach of the Ue.rearyl, Crgoveloalkyl, Cysheterooyoloatkyl, and Ca
sheteroaryl moleties is optionally substituied with one, two, three, or fowr
members independently selected from flucro, chiloro, oxo, methyl, othyl,
fluoromethyl, diftuoromethyl, wiffuoromethyl, fuorosthyl, & flnorosthyl,
iriftuoroethyl, and phenyl;
pach 17 is independently halo, eyane, Crealiopl, O shaloalkyl, and SO:NHz;
RY is Crsalkyl, Crghaloalkyl, Csgoyeloalkyl, Cietryl, Crsalkvlene-C{=OINHT,.
gatkevt, Oy gatioylene-C=01NH,, or U satkviene-CEOINC salkvils
R is hydrogen or Crealkyl, or &* and R together with the atoms to which they are
attached optionally form a four-, five- or six-menmbered heterocyelic ring, wherein the
heteroeyelic ring is optionally substitwted with one or two members independently selected
from halo, Crealiol, NHCEOW salkylene-NH,, NHOEOD s alkyviene-Cageveloalliod,
NHCEOIC, shaloalkyd, NC sl OEOC galkylene- NHy, NC oyl atkylene-
{5 geveloatioy!, and NCglkytC{ =0 ghaloalkyl;
&* is cyano, halo, Cr.shalonlkyl, C=0MH, or C{=MCeatkyl;
&% {s NH,, halo, or Creadkyl; and
R is NH,, halo, or Crealkyl;

or o pharmaceutically scceptable salt, isomer, ora mixture thereot,

1B013] i some embodiments of formalae (7Y or (I}, cach R {s independently methyl,
chlove, fluors, evano, tetrahydropyridinyl,-CHp-CEOR, SO H e UEMOH, -Oalig-
CEOIOH, ~CH-CEOINH,, ~-CH-CHEOIN(CR ), - Cl=0NH,, ~CoHy-CEON(CHs o,
O H e CEOINHY, -0 He CEOINCHs ), -CHp-O=0)-Het, Colg- OO0 Het O H - C=00-
Het, G-CHpOEOOCHE, O-Calle-CEOYOCHYy, OO He OE=OYOCH, -CHy-Het, ~Oalg-
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Het, ~CaHe-Het , -CHy-cyclopropyl, -Colg-oyclopropyl, -CalHg-cyclopropyl, -CHz-oyvelobulyl,
~CrHe-oyclobatyl, -Caleoyclobutyl, -CHy-cyolopentyl, ~CaHg-cvelopentyl, -Calg-
eyclopentyl, ~-CHz-cyelohexyl, ~CaHe-ovelohexyl, -Calgcyclohexyl, O-CH-NH,, O-CpHe-
NHy, O-CaHg-NHy, O-UHa-N{CHy}y, O-CoHe-N{CH ), O-O3HeN{CH3 5, O-CH,-Het, O-
Colg-Het, G-CiHg-Het, O-CHp-CEOOH, O-OaHACEOOH, O-CiHe-CHEO0H, O-CHa-
CE=O0CH,, O-Coly-CEOIOCH,;, O-GiHeCEM0CH, GCHp-CE0-Het, O-
CHyCICH HCH O Y, 8-CoFLOH, 5-CaHGOH, SOp-phenyl, 8Op-methyviphenyd, -80y-
ethylphenyl, ~-8OQp-cyelopropyl, ~-SOp-cyclobutyl, ~8QOp-cyclopenty], ~SOTH;, -S0CoH,, -
SCHTHy, -SOUTHLOH, or -BC,CHOH; wherein Het v independently selected from
piperidinyl, morpholing, piperazinyl, azepanyl, invidarolyl, oxetanyl, azetidinyl, pyrroliding,
tetrahydropyridinyl, 2-oxa-T-azaspivo[ 3.5 lnonanyl, F-oxa-S-azagpive]3 4loctanyl, and 6-oxa-
i-azaspiro] 3.3 Jheptanyl, whereln each of the piperidinyl, morpholinyl, piperazinyl, azepanyl,
avidazolyl, oxetanyl, azetidingd, pyrrolidingd, tetrahydropyridingd, 2-oxa-7-
azaspiro 3.5 nonanyl, 2-oxa-6-azaspive[3 4loctanyl, 6-oxa-T-azaspive]3.3 theptanyl,
cyclopropyl, oyclobutyl, cyclopentyl, and cyclohexy! moleties is optionally substituted with
oneg, two, three, or four members independently selected from fluoro, chiore, methyl, sihyl,
propyl, oxe, or pheayl. In some other embodiments of formuudae (3} or (), each B is
independently fluoro, chloro, brome, lodo, cyane, methyl, ethyl, propyl, Suoromethyl,
diftuoromethyl, riflvoromethyl, Quorcethyl, difluorosthy], iflucroethyl, and 8ONHL. In
certain other embodiments of formutas (1) or (I, R ig methyl, ethyl, propyl, -CHo-
CE=OINH,, ~-CiHe-CEOINH,, ~OiHe-CEOIND, ~OCHpCE0IN(CH),, ~CaHe-
CEOINGCH ), ~CaHe-CE=0N{CHa, cyclopropyl, cvclobutyl, or phenyl, In additionsal
embodiments of formulae (8} or (D, B s hydrogen, methyl, ethyl, or propyl, In other
additions! embodiments, R® and R together with the atorss to which they are attached
optionally form & heterocychc ring, wherein the heterceyelic ring is selected from azetidinyl,
morpholinyl, or pyrrolidinyl, wherein each of the azetidingl, morpholinyl, and pyrroliding
moieties 15 oplionaily sobstitited with N{CHYCEOKCHNH,, N{CH; Y CEOHTE,,
MN{CHCEOTHCE;, NCHHCEQydopropyl, NHCEOWHNH,, NHOEOWCHE,,
NRCEGCHCE;, or NHO{=COjeyclopropyl. In another embodiments of formuiae (3) or (1),
R%is cyane, chlore, brome, iodo, or CEMCH:. In certain embodiments, R® is NH,, chlore,

. . T -
fluore, methyl, othyl, or propyl. In certain embodimenis, R’ is NH,, fluoro, chloro, methyl
3 i N o K o S

10
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ethyl, or propyl. [n vet another embodiments of formulae (1) or (I, R® is NH,, chiors, fluore,

methyl, ethyl, or propyl: and R7 is NH,, fluore, chlore, methyl, ethyl, or propyl.

{8014 Provided are also compounds selected from Table 1, or & pharmaceutically
acceptable salt, isomer, or & mixture thereoll  In one ewbodient, the compound is an (8)-
gnantiomer. In another embodiment, the compound is an {(R)-enantiomer. T some additional

embodiment, the compound {s an atropisomer,

[B01S Provided are also compounds selected from compounds 1116, or a
pharmaceutically acceptable salf, isomer, or a mixture thereof,  In one embodiment, the
compound is an {S}-enanfiomer. In another embodiment, the compound is an (R)-

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

R EY Also provided is a pharmacentics] composition that includes a compound of the

v acceptable salt, isomer, or a mixtore thereof,

+

present application, or 8 pharmaceuticall
together with at feast one pharmaceutically acoeptable vehicle, Examples of

pharmaceutically acceptable vehicle may be selscted from carriers, adjuvants, and excipients.

U Also provided is a method of treating a subjsct, who has or i3 suspected of having
a dissase or condition responsive or belisved to be responsive to the inhibition of PI3KS
activity by administering to the subject 8 compound described hereln or a pharmaceutically
acceptable salt, tsomer, or a wmixtues thereol, In some ernbodiments, the subject is a2 human.
In additional embodiments, the disease or condition 1s leukemia, lvmphoma, cancer, or

inflammation

{B01§] Also provided is a method of inhibiting kinase activity of a phosphatidylinositol 3-
kinase delta polypeptide by contacting the polypeptide with a compound described herein or
a pharmaceutically acceptable salt, isomer, or 2 mixture thereof. Further providedis a
method of fnhibiting excessive or destructive immune reactions, such as asthma, rvheurnatoid

arthrifis, multiple sclerosis, and hipus.

{8019 Also provided is a method of disrupting leukooyie function, comprising contacting
the leukoovies with an effective amount of & compound of formula described hereln or a

pharmaceutically acceptable salt, isomer, or a mixture thereof,

e
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18052} P Inlubtior Compounds

{883 Provided herein ave compounds that function as inhibitors of PI3K isoforms, such
as PI3KE. In one aspect, provided is a compound having structwre of formula (0):
P féR }m

G g .
f?? \ £ J‘:\\\ Ej
|

. ,.o-'\\ R{;

7
SJ ]( Q\E'KR
N
R:& \,E,.x
RB

\"’ iy

I

wherein:

AwnNorCH;

nisd, 1,2, 3, or 4

mis G, L2, 3 ord;

gach R' {s independently selected from optionally substituted alkyl, optionally
substituted haloalioyl, optionally substituted acyl, optionally substituted heteroaryl, hale,
eyano, NHOG=0alkylene-NR Y, NOu, OR™, NER™), OCEORY, O™, C=0)0r",
aryl-OR"Y, optionally substituted oycloalkyd, optionally substituted heteroeycloally,
NR CEOhalkylene-CE00ORY, ayl-Oealiylene-N{R M), aryl-O-Of=iR ™, aikyiar“
CEQOR', alkvlene-CEOINER My, atkylene-C(=OMHet, Oralkylene-CHEOIORY, alkvlene-
Oalioylene-CEOOR™, CE=0INRSORY, aloylene-NER '), aikmwiene»N{R“}»
O{=0INR Vealkylene-OR ™, CEOWR Malloylene-Fet, O-aliylene-N(R ™Y, O-alkylene-
CHOR MCHNR ™, Ouallylene-Hat, O-alkylene-CE={NOR", O-alkylene-C=0)Her, 8-
allkylene-OR ™, O-alkylene-OR Y, Q-0 salkviene-CH{ OR'NC; ealkylene-OR Y, O-alkylene-
NRPCEMOR™, NR M alkylene-NR ), NRUCEORY, NRUCEOINERY), NEO-allyl),,
NREO-alkyl), SR, SONER™):, alkylene-aryl, alkyvlene-Het, alkylene-OR ", alkviene-
N, CE=OINER Y, NHOEOlkylene-aryl, arvl-O-alkylene-NR ™), aryh-OCE=0RY,
NHC{=Ojalkylene-heterocyaloalkyl, NHC=0klkylene-Het, Gealkylene-O-alkylens-
CEOORY, CE0lkyiene-Het, and NHO(=0)halo-alkyl,

wherein Het is optionally substituted heteroaryl or optionally
substitatedheterocycloalkyl, whersin R is mdependently hydrogen,

optionally substitnted alkyl, optionally substituted haloalkyl, optionaily

18
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wherein:
Ads Nor CH;
nis$, 1,2, 3, or 4
mish 1,2, 3, or 4
each R is independently selected from optionally substituted alkvl, optionally
substitated haloalkyl, optionally substituted aryl, optionally substituted heteroaryl, halo,
cyans, NHCGFOlkylene-NR Yy, NOy, ORD, NERDY, 00E0R, OEMRY, CE=00R'S,
arvi-OR Y, optionally substituted cyeloalkyl, optionally substinged heterocveloalkyl,
NRPOEalkvlons-CEOR Y, arvi-O-alkylene-N{R ), aryl-O-C{=0R ", alloviene-
CEOIOR™, allylene-CEOWR P, allkylene-C=01-Het, O-alkylene-CEOIOR™, alkvlene-
O-alkylene-CEMOR Y, CEOMNRMSORY, aliylene-N(R ™), alkenylene- NER Yy,
CEOINR Malkylene-OR', Cr=0NR Palkylene-Het, O-alkylene-N(R Wy, O-alkylene-
CHORMCHNER ™, O stkylene-Het, Qealkylene-Of=OORY, O-alkvlene-CE=0-Het, 8-
alkylene-ORY, Oualiovlene-OR', 0-Cpgallovlene-CHORMC, sallovlene-OR ™, ¢ Oralkviene-
NRCE=00RY, NRalkylene-NER ™, NRUCEORY, NRUCEONER M), NEOw-alkyhh,,
NR‘“{S{}?&ER}’E}, SO.R™ 80y, N{R_“ T, alkylene-aryl, alloylene-Het, alkylens-ORY, atkyvlene-
N(R™ ), CEOINR ™Y, NHOEOakylene-aryl, aryl-O-alkylene-NR' ), aryl-OCERY,
NHOE=O alkviens-heterocyeloalloyl, NHCEGalkylone-Het, O-alkviene-O-alkviene-
C=00RY, Ci=0lkviens-Het, and NHCE=O halo-alkyl,
wherein Het is optionally substituted heteroary! or optionally substituted
heterocycloalkyl, wherein R™ {s independently hydrogen, optionally
substituted alloyl, optionally substitmted haloalkyl, optionally substituted
eycloalkyl, optionally substituted heterocyeloaliyl, and optionally substitmted
aryl, wherein RV is independently hydrogen, optionally substituted alkyl,
optionally substitoted haloalkyl, optionally substitoted aryl, and optionally
substituted heteroaryl, and whereln ™ is independently optionally substitoted
alkyl, optionally substituted haloalkyl, optionally substituted cycloalioyl,
optionally substituted heterocyeloalkyl, and optionally substituted arvl
each R7 Is independenily selected from hale, evane, optionally substituted alkyl,
haloalkyl, SON{R™ Y, and optionally substitated alkoxy,
wherein B¥ is hydrogen, optionally substitated atkyl, or optionally substituted

haloatioyl;

21
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R §s hydrogen, optionally substituted alkyl, optionally substinsted haloalkyl,
optionally substituted cycloalkyl, optionally substiteted aryl, optionatly substituted
heteroaryl, or optionally sobstttuted heterooveloalkyl;

R’ is hydrogen or alkyvl, or R® and R? together with the atows to which they are
attached optiopally form an optionally substituted fours, five- or six<membered heterocvelic
ring; provided that when R and R form a S-membered heterooyelic ring that is optionally
substituted with hydroxyl, halo, or methoxy, ®4is CVano, R ix aming, and B is amine

R is cyano, CEOINETRY, §Os-alkyl, halo, haloalkyl, or CEORY, wherein each
R and RY s independently hydrogen, optionally substituted allyl, and optionally
substituted haloalkyl;

R 18 N, halo, optionally substituted allkyl, or optionally substituted haloalkyl; and

R is NHb, halo, optionally substitated atkyl, or optionally substituted haloallovl;

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

T N
FNNRSE
NN

In one aspect, provided is a compound having the structure of formula ()

=2
R,
O N
SN
N e e \,*\\vf,.-‘

wherein:

nislors:

misd 1 or2;

each Ris independently Crgatkyl, Cghaloalkst, Cyaeveloatiy, €
sheterovyeloalkyl, O sheteroaryl, Ceagarvl, halp, cyans, Caigaryl-ORY, O salkviene-Cq
sparvl, Cpealkviene-Het, Csalkvlene-Crgoyeloatkyl, C i_éaikyimﬁ{ﬁiiy, Crgalkyviene-
NR ™, Cogatkenyiene-ORY, Cy salkenylene-N{R ™), {rsallovlene-CEOORY, O
salkylene-CEINR ™y, Crgaliovlene-C(=0)-Het, O-Cpsalkylene-CEOIOR™, Crealkyviene-
O-Cheatiylene-CEOIOR'Y, Csallenylene-NIR™), OR™, O.C ssalkyiene-N{R ™), 00,
salkylene-CHORMCHNR ™Y, O-Cy gallkovlene-Het, O-Cygalkylene-C=0ORY, 00y
sallylene-C{=0)-Het, 0-Cpgaliovlene-OR™, 0-Cpgalkyvlene-CHORMC, salkyione-OR Y, O
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{rsalkenyiens-ORY, O-Cy salkenviene-NR M), O-Cysallovlens-NRPCEOORS, 0.0,

salkylene-O-Crealkylene-C=CHORY SR Y, 8.0y galkylene-ORY, and SONR',,
wherein Het is Cyghetercaryl or s sheterooyeloalloyl, wherein Ry
independently hydrogen, Crealkyl, Crchaloalkyl, Cysoycloalkyl, Copparyl, Ca
sheterocyeloalkyl, and Chgheteroaryl, whereln R is independently hydrogen,
Crsalkyl, O chaloalkyl, Cogparyl, and Chreheteroaryl, whersin R¥ g
independently Crealkyd, Crchaloalkyl, Cysoveloaliyl, Cyparvl, O
sheterocycloalkyl, and Cs gheteroaryl, and wherein each of Het, Y, 8 and
R™% g optionally substituted with one, two, three, or four members
independently selected from hale, oxo, Crsalkyl, and Cg g ryl;

each R” is independently halo, ovano, Crsalkyl, Crchaloalkyl, SQEN(RM}}, wherein
B¥ s hydrogen, Crealiyl, or Cyghaloalkyl;

R i hydrogen, Cyealkyl, Cpshaloalkyl, Cspeveloation], Co garvl, wherein the .
salkyl moisty is optionally substituted with ~C=OINRPRY, wherein sach RY and 8% is
independently hydrogen, Cygalld, or Cpshaloalkyl;

B s hydrogen or C psalkyl, or B and R together with the atoms to which they are
attached optionally form a four-, five- or six-membered heterseyelic ring, wherein the
heterocyelic ring is optionally substituted with ong, two, or thres members independently
selected from halo, Crealkyl, Crealkony, Oy shaloalkyl, and Ng? "C{Q}Rﬁ:" where B> ig
bydrogen or Cigalkyl, and RV iy Crealkviens-NH,, Crs allylene-Cageyeloalkyl, or Cy
shaloalkyl;

&Y 48 cyane, CE=0INRERY, 80 Coealkyl, halo, © sohaloalkyl, or OE=OR™, whersin
each R™ and R is independently hydrogen, € salkyl, or Cp ghaloalky;

R®is Ny, halo, Crgalkyl, or Cpechaloalkyl; and

R is NH,, hals, Creatkyl, or Crghaloalkyl; or a pharmacestically acceptable salt,

isomer, or a mixture thereot

{3056] In one aspoct, provided is a compound having the structure of formula Q)

23



WO 2015/200352 PCT/US2015/037234

PN
S
'}{% o \Nw Ny
\\\?ﬁ;&\ f;:i\\:fﬁ3
- &\\? E NQT_,R’
Rg,‘i\;ﬁ;ﬂ
RS {13,

wheresin
nis 1,2, 3 ordy
misd 1,2, 003
each R is independently allyl, haloalkyl, arvl, heteroaryl, cycloatkyt,
heterocyeloaltkyl halo, oyano, aryl-OR Y, alkenylene-ORY, slkenviens-N(R ™), alkylene-
CEMORY, alkylene-CEOMER ™, allvlene-C(=0)-Het, alkylene-O-alkylene-O{=CHOR ™Y,
alkylene-N(R ™), alkvlene-aryl, alkylene-Het, alieylene-OR'Y, allylene-N(R ™), O-alkoylene-
Oealloylens-C{E=0ORYOR', O-allylene-CE=0M0R™, D-alkylene-CHIOR ICHNE M), O-
alkenylene-OR Y, O-alkenylene-NR ™Y, O-allovlene-OR ', Calkylene-N{R ™), O-alkyviene-
CROOR Nalkylene-ORY, O-alkylene-NR'CHOWORY, O-alkylene-Het, Cralkylene-C{=0)-
Het, S-atkviene-OR™, SOuR' and SONERM,,
wherein Het is optionally substituted hetercaryl or optionally substituted
heterocyeloalleyl, wherein R 4s independently hydrogen, optionally
substituted alkyl, optionally substituted haloalkyl, optionally substituted
oycloalioyl, optionally substituted heterocycloalkyl, and optionally substituted
aryvl, wherein R is tndependently hydrogen, optionally substituted alkoyl,
haloalkyl, optionally substituted aryl, and optionally substinted heteroaryl,
and whereln R' is independently optionally substituted alkyl, optionally
substituted halealkyl, optionally substituted cycloalkyl, optionally substituted
heterocycloatkyl, and optionally substituted aryl;
each RY is independently halo, cyane, optionally substituted alkyl, optionslly
substituted haloalkyl, and SO;NER™), wherein R™ is h vdrogen, and optionally substituted
atkyvl;
R is hydrogen, alkyl, haloalkyl, cycloalkyl, aryl, heteroaryl, or heterocycloalkyl,

wherein each of the cycloalloyl, arvl, hetercaryl, and heterooyeloalky! modeties is optionally
o W T ' o o o -
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substituted with halo or alkyl, wherein the alloyl moiety is optionally substituted with -

CEOINRTRY, whereln cach R and BY s independently hydrogen, alkyl, or haloalkyl;
R’ is hydrogen or allyl, or R and R together with the atoms to which they are

attached optionally form a four, five- or six-membered heterovyclic ring, wherein the

heterocychic ring is optionally substitufed with halo, alkyl, haloalkyl, or NRPC{=rY,

. Sg - ) . Sy . ‘
wherein R™ is hydrogen or alleyl, and wherein R™ is alkyl, haloalkyd,
eycloatkyl, cycloalioylalkyl, or alkyb-NH;,;

8 is ovano, C=OINRSRY, 80,R™, halo, haloalkyl, or CEOWRY

wherein sach R™ and RY {s independently hydrogen, alkyl, and haloalkyl;
R i3 NH,, halo, allyl, or haloalkyl; and
R is NH., halo, aleyt, or haloalkyl;

ot a pharmaceutically acceptable salt, isorer, or 8 mixture therenf

{8987} In additional embodiments, the PI3K inhibitors sve compounds having the
strocture of formulae () or () wherein:
nis o
mis, 1,01 2;
each R’ is independently Crgalkyl, O shaloalkl, Cagovcloalkyl, Ca
sheterocycloatkyl, Cysheteroaryl, Cegparyl, halo, cyane, Ceiearyt-ORY, ¢ realkviene-Cq.
earvl, Crealkylene-Het, Cisalkylene-Cagoveloalkyl, Crgallovien em{}f{ii"’, Crsalkyiene-
N{R™),, Cy.ealkenylons-ORY, o salkenylene-NR™Y,, © rsalkylene-CE=OWRY, O
salioviene-CH=OWNR ™), Crealkvieone-O¢ =(-Het, O-Cpgalkylene-Of=0)0R"Y, Crgalkviene-
O-Cralkylene-Ce=(HOR™, O salkenylene-N{R ™), ORY, 0-Cpsatkylene-N(R M, 00
salkylene-CHEOR MYCHNR Yy, O-Csalkylene-Het, 0-Cpealiylens-CEOOR™, 0.0
salkylene-C{=0pHet, 0-Cpgallylene-ORY, O-Cy salleylene-CHIORMIC, satkylene-OR™, O-
Co.satkenylens-ORYY, OOy salkenylone NR WY, O-C) salkvlene- NRNCHEDORY, 040,
salkylene-O-Crealkylene-CEO0RY, SR Y, 80 salkylene-OR', and SONR ™,
wherein Het is Cyshetercaryt or Ch gheterooveloalkyl, whersin R4
independently hydrogen, Cysalloyl, O chaloallyl, Csaovcloaliyl, Csoarvl, o
sheteroeyeloalkyl, and Cosheteroaryl, wherein RV §s independently hyvdrogen,
Crsaliopl, O shaloaliorl, Cogearyl, and Cy sheteroaryl, wherein R
independently Crealkyl, Crshaloalkvl, Crsoyeloalkyt, Couoarv, Co

o N . ; , H
sheterocyeloalkyl, and Chshetercaryl, and whereln gach of Het, R'™, Y and

25
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7% s optionally substituted with one, two, thres, or four members
independently selocted from balo, oxe, O salkvl, and Coaoaryvh;

rach RY is independently halo, evano, Crealkyl, Cishaloalkyl, SN R™Y,, whersin
R™ is hydrogen, Cgalkyl, or Cighaloalkyl;

R s hydrogen, Crgalkyl, Crehaloalkoyl, {5 soveloatkyl, Copparyl, wherein the Oy
salleyl moiety is optionally substituted with LCE=0WNRTRY, wherein each B and RY is
independently hydvogen, Crealkyl, or O shaloalkyl;

®® is hydrogen or Cyealkyl, or R and R? together with the atoms to which they are
attached cptionally form a four-, five ot six-mentbered heterooyclic ring, wherein the
heterocvelie ring 18 optionally substituted with one, two, or thuee members independently
selected fom hale, Crgalkyl, Crehaloalkyl, and NRFCEIRY where R™ is hydrogen or Cy.
calkyl, and Y is Oy salkylens-NH,, Crgalkvlene-Csgoyeloalkyl, or . shaloatkyl

2¥ {s oyano, CEOWWRYRY, 8- Cygalkyl, bale, Ty shaloalkyl, or CE=ORY, wherein
each B™ and RY is independently hydrogen, Crsalkyl, or Cp shaloalkyl;

R? is NH;, halo, Crealkyl, or Cighaloalloyl; and

R iz NH;, halo, Crsaikyl, or Cighaloalkyl;

or 8 pharmaceutically acceptable salt, isomer, ot 2 mixture thereof.,

FREERRH fn sore embodiments, the FI3K inkibitors are compounds having the stracture of
formmiae () or (1} wheretn

nislord;

mis, 1,02

gach R' is independently Uy alkyl, O shaloalkyl, Coaearyl, Cogheteroaryl, Uiy
cyeloalioyl, Cr sheteroeveloalkyl, hale, cyane, O salkviene-C=00H, Oy qalkylene-
CE=0000 galkvl, O salkvlene-C(=0Chgheterneyeloalkyl, Crgaliovlene-C{=03-Cy.
seveloalkyl, Cealkylone-CE=OMNH; U calkylene-CEOWNC ealkylh

S

C{=OWNHC, salkyl, Crealkylene-0-C; calkylene-CEOH, U salkylone-0-Cy galloylene-

Crsalkylone-

C{=O00 galkyl, Cysatioviene-Cgpparyl, Oy salkylene-Ch sheteroaryl, Crealkylene-Cy
sheterocyctoatkyl, Crealiovlene-Cygoveloatkyl, Crealkylens-OH, (.5 alkvlens-OC salkyl, O-
i satkyviene-N{Cisalkydy, O-0 salkylene-NHC alky, O-Cpgatioylene-NH,, O-Chgalioylene-
CH{OMC alkyINL, O-C; salkylene-CHIGH)IC LealkyIN(C _qalkyly, O-Cgalkyvione-
CHIOELaalkyINHC Lsalkyl, OO galkylene-CH{OC, galkyliCLsalkyNHy, O-Crpalkylene-
CH{OU Lealley DO salkyIN{Cealky s, OO eallylone-CHIOU salloyhOLealkyINHC  salkyl,

6
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00 salkovlene-Cy sheterocycloalkyl, O-Cjgallylene- Cy.gheteroaryl, O-Cygalkviene-
C{=(H0H, O-Cpealkylene-CE00C Lsallol, O-Crgalkyl ene-C{=01-Crghieterooyeloatkyl, G-
Crgalkylene-CEO0OC seyeloalkyd, O-Cy salkviene-CEO0Cearyl, O-Crsalioylene-QH,
O-Cgalkylene-O0; goveloalleyl, O-Csalkylene-OCT salkyl, G-Cgalloylene-CH{OH ) .
satkylene-OH, G-Crsaltkylene-NHCEOWOH, G- salkylene-OnCy galkylone-C{=(0H,
ORCLOF,, 8O salkviene-OH, SO,C, galloviens-Co. sheterocycloaliyl, 8T paryl, 88Cs.
goveloaliyl, SO0 salkoylene-OH, ST N{Tealkylly, or BONHy
wherein sach of the Cesarvl, Cypoveloaliyl, Crsheterocyeloalkyl, and Gy
shetercaryl moisties is optionally substituted with one, two, three, or four
mermbers independently selected from fluore, chlore, oxe, methyl, ethyl,
flnoromethyl, diffuoromethyl, tifluoromethyl, fluorcethyl, diffuoroethiyl,
rifluoroethyl, and phenyly
each B is independenily hale, oyano, Crealkyl, C rohaloalkyl, and SOyNHy;
R satkyl, Cighaloalkyl, Crgoycloaliyl, Co waryl, Crgalkylene-CEMNHC,
catkevl, Cpsaliovlene-C=OWH,, or O galkylene-C=0IN{ Cigalkyihg
87 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 heterovyelic ring, wherein the
heteroeyelic ring is optionally substituted with one or twe members independently sedected
from hate, Creatkyl, NHCEOY  atkylene-NHy, NHCEOW s atlovlene-Uypoveloaliovt,
NHOE0C Lahaloalioy], NCysallipiCEOIC L alkylene-NH;, NG Ak ICEON s alkylene-
s geveloalioyl, and NGy salleviC=On  shaloatkyl;
Y s cyang, halo, T shaloalkyl, CHEOH, or CEOWgalkyvh;
R® {a N, halo, or Crealkyl; and
R’ is NH;, hale, or Crgalkyl;

or & pharmacentically acceptable salt, isomer, or & mixtwe thereol.

HEER In some embodiments of formulae (I} or (), sach R iy independently methyl,
chiore, fluoro, cyane, tetrabydropyridingl,-CHy-CEOH, -GoH-C=010H, -Calle
CE=U0H, ~CHp-CEOINH, ~§?§%§3~€5(:Q}N{C§‘ig}g, CoH - CE0INH,, ~CaHe-CEOINCH: b,
A He CEINH, ~CaHeCEONCH b, ~CHa-CE0-Het, o CEORHe-OaHeO=0
Het, O-CHp =05y, Q*C;{Hé‘“{,.{x{}}{}{jﬁ{?, OO Hp-OEOHOCH,, ~CHp-Het, ~CoHg-
Het, -OyHe-Het , -CHp-oyclopropyl, ~CaH-cyclopropyl, -Cillg-cyclopropyl, ~CHp-oyclobutyl,
-CrHgeoyetobunyl, ~CsHe-cyolobutyl, -CHp-cyclopentyl, -CoHg-oyelopentyl, ~CiHs-
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cyclopentyl, -CHy-cyelohexyl, -CoHy-cyclohexyl, ~CiHg-ovelohexyl, G-CHL-NH,, O-C M-
NHg, O-CaHe-NHy, O-CHp-N{CHa ), O-CoHaN{CH b, O-CaHp-N(CHa by, O-UF-Het, O-
Cobyg-Het, O-CoHg-Het, O-CH-C=0i0H, O-CaHe-CEOYOH, OuCilHe-CE=0W0H, O-CH,-
CEOHOCH;, O-Cil-CE00CH;, O-Ce-CE0Y00H:, O-CH-O=0 e, O

CHOCH {UHOH Y, 8-ChHOH, S-CiHOH, 8O;-phenyl, SQp-methyilphenyl, ~S05-
ethylphenyl, -SCh-cyclopropyl, -SGr-ovelobutyl, -8O0s-cyclopentyl, ~SO0.-CoHe-Het, -
SCRUHS, ~30:0H, ~SOUaHy, ~SGUHAOH, and 80Ty HOH: wherein Het is
independently selected from piperidingl, morpholiny], piperazing], azepanyl, imidazolyl,
oxetanyl, azetidingd, pyrrolidinyl, tetrahydropyridingl, 2-oxa-7-azaspirol3, S jnonanyl, 2-oxa-
t-azaspiro]3.4loctanyl, and 6-oxa-1-azaspiro[3.3Theptanyl, wherein each of the piperidiny,
maorpholinyd, piperazinyl, azepanyl, imddazolyl, oxetanyl, aretidinyl, pyrrolidinyd,
tetrabydropyridinyd, 2-oxa-T-azaspire]3.5 nonanyl, 2-oxa-8-azaspiro3.4loctanyl, 6-oxa-1-
azaspiro{3.3 theptanyl, cyclopropyl, cyclobutyl, eyclopentyl, and cyclohexy! moisties is
optionally substituted with one, two, three, or fowr menbers independently selected from
fluere, chioro, methyl, ethyl, propyl, oxe, or phenyl, In some other embodiments of formulas
(Nor ), each R s independently fluore, chlore, brome, lodo, cyane, methyl, ethyl, propyl,
Huoromethyl, diflucromethyl, trifluoromethyl, fuorcethyl, diffuorcethyl, trifluoroethyl, and
SONH;, In certaln other embodiments of formulae (Jyor (1), RY is methyvl, othyl, propyl, -
CHy-C{=ONH;, ~CoHy-CE=OIN, ~CilHe-CE=0INH,, ~-CH-CEOINCH ), O
CENCH Y, -CaHe-CE0MN{CHS ), ovclopropyl, ovelobutyl, or phenyl, In certain
embodiments, R {8 -CHpCf=CNH,, ~CaHeCEOINR,, ~OiHCEOIN, -CHb-
CEMN{CH g, ~CoHe-CE=ON(CH, Y, -CiHe- C=0N(CHs 1, oyclopropyl, cyelobuty, or
phenyl. In cerfain embodiments, R” is methyl, etltyl or eyclopropyl. In additional
embodiments of formulas (1) or (), RY is hydrogen, methyl, ethyl, or propyl. In other
additional embodiments, R” and 7 together with the atoms to which they are attached
optionally form & heterocyclic ring, wherein the heterocyelio ring is selected from szetidingl,
morpholinyd, or pyrroliding], whereln each of the azetidinyl, morpholingd, and pyrrolidingt
meietios is optionally substituted with N{ICH)CEONMCHNH,, N(CHICEICHT,,
N{CHCEOHHCF;, NCHACE=eyelopropy!, NHUGEOCHNR,, NHOEOCHE,,
NHCE=OMCHCF,, or NHOE=Owyvelopropyl, In certain embodiments, B and B together
with the atoms {0 which they ave attached optionally form a heterocyelic ring, wherein the

heterocyclio ring is selected from azetiding, morpholiny, or pyrroliding, wherein each of
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the azetidinyl, morpholinyl, and pyrrolidiny! moieties Is optionally substituted with €y aliyl,
halo, N{CHACEOCHNH,, N{CHCHEMCHP:, NICHACEDCHLCE,,
N{CHCEQeyelopropyl, NHOEQW HNH,, NHOEGICHE,, NHCEOQWHCFR,,
NHCEN Hacyelopropy! or NHCE=Oeyelopropyl. In asother embodiments of formulae (0
or (I, R s cyang, chiore, bromo, fode, or C{=OY H;. In vet another embodiments of
formulae (1 or (1), R® {s NH,, chiors, fuoro, methyl, ethyl, or propyl; and R is NH;, fluoro,

chloro, methyl, ethyl, or propyl.

HEENTH tu certatn embodiments, R and R together with the atoms to which they are
attached optionally form a heterocyolc ring, wherein the heterocyelic ring is selected from
azetidinyd, morpholinyl, or pyrrolidingd, wherein each of the azetidiny], morpholiny, and
pyrrolidingt moteties is optionally substitated with 1, 2 or 3 groups which are independently
Crs alkyl, methoxy, sthoxy, halo, N{CH;3CEOICHNH,, N{CH)CEOWHT,,
N{CH )} CEOICHCF;, N{ICHCEOyelopropyl, NHCEQICHNH,, NHOG=OYWHE,,
NHO{E=CHOHROP, NHOEMCH ovclopropy] or NHOE=Oevelopropyl; and esch R is

independently chioro, fluore, cyano, methyl, SQpphenyl, -8O0:CH; or O He-Of=000H,

{0861 In certain embodiments, R” and R® together with the atoms to which they are
attached optionally form a heterseyclic ring, wherein the heterocyelic ring i3 selected from
azetidinyl, morpholinyl, or pyrroliding], wherein each of the avetiding], morpholinyl, and
pyrrolidingd moteties is optionally substituted with Cys alkyd, hale, N{CH)CE=OWHNH,,
N{CHHCEMCHE,, N(CH)CEOGCHCE,, NICH)ICEQ) evelopropyl, NHCEOWCH,NH,,
NHCEGCHE,, NHCEOY HCOF;, NHOEOQ Heyelopropy! or NHCGEOeyelopropyl; and
each R' is independently chlore, fluors, cyano, methyl, 8Cy-phenyl, -80:CHs or ~CiHge
CE=00H,

R E S In certain embodiments of a compound of the present application, R is methyl; n
e lor 2 and one R s tetrahydropyridinyl, CHp-CE(hOH, -G CEOOH, -Chle
CEOHOH, -CHC{=0NHy, -CHp-CEONCH ), ~Colle-CEOINH,, -CHe-C=0INICH ),
~CaHg-C{EOINHy, ~CiHe-Cl=CiN{CH ), -CHp-CE0RHet, CHACHEORHet O He-C=0)-
Het, O-CHp-C{HEOHGH,, O-ClHCEOQYOCH, O-OiHCEOMOCH,, -CHy-Hat, ~CoHy-
Het, -Cil-Het , -CHy-oyclopropyl, -CiHeoyclopropyl, -CiHg-cyclopropyl, -CHy-oyelobmtyl,

~Colgcyelobutyl, ~Calle-oyelobutyl, -CHy-ayclopentyl, -Colly-ovelopentyl, ~Cale-
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NHz, O-UsHe-NH,, O-CHp-N{CH Y, O-CaH e NECH Y, O-CiHeN{CH ), O-CHo-Het, O~
Colg-Hed, O-CiHg-Het, O-CH-CEM0H, O-CiHe-CEMOH, O-C3He =00, O-CH,-
CEOYOCH;, O-CoHyCEOHOCH,, O-CiHeCEMOCH,;, O-CH-CE0RHe, O-

CHRC{CH KCHOHY,, S8-CoHOH, S-CiHOH, SOp-phenyl, 8Oy-methyl phenyl, -S04
ethylphenyl, -SOp-cyclopropyl, ~SOy-oyclobutyl, -SOr-cvolopentyl, 8O-CoHe-Het ~8O,CH,,
~3{H T, ~SORTHy, -SOCHLOH, or -80,CiHO0H; wherein Het is independently seleoted
from piperidinyl, morpholinyd, piperazinyl, azepanyl, imidazolyl, oxetanyl, azetidinyl,
pyrrolidingd, tetrahydropyriding, 2-oxa-T-azaspivo[3.Snonanyl, 2-0xa-6-

azaspiro{3 4octanyl, and &-oxa-1-azaspiro[3.3 heptanyl, wherein each of the piperidinyl,
morpholinyl, piperazinyl, azepanyl, imidazolyl, oxetanyl, azetidinyl, pyrrolidiny,
tetrabiydropyridingl, 2-oxa-T-azaspivo[ 3. Snonanyl, 2-oxa-S-graspivol 3. 4joctanyl, S-oxa-1-
azaspivol 3.3 Theptanyl, eyclopropyl, eyclobutyl, cyclopentyl, and oyclohexy! moieties is
ophionally substituted with one, two, three, or four members independently selected from

fluoro, chiore, methyl, ethyl, propyl, exo or phenyl

{89631 In certain embodiments of 8 compound of the present application, R is methyl o
i3 1or2; and one R is tetraliydropyridingd, CH-CEMOH, -CoHACEO0H, O3
CEOMOH, ~CHp-CEOWNH,, ~CHRCEOIN(CHa Y, -ChHe-CEOINHY, ~CoH-CEOINCH ),
-CsHg- OOy, ~CaHe-CE=OIN(CH p, ~CHa-C=0-Het, CiHpCEOMHet -CiHe O
Het, O-CHy-C{=OY0CH,; O-0H-CEOIODCH, O-CiHe-CEOIQCH,, ~CHy-Het, O
Hat, -CyHg-Het | -CHz-cyclopropyl, ~CoHa-cyclopropyl, ~UiHe-ovclopropyl, ~CHa-cyelobutyl,
CoHge-cyclobutyl, -CiHe-evelobutyl, -CHy-cyclopentyl, -CoH-eyclopentyl, -CaHe-
cyclopentyl, ~-CHy-cyelohexyl, -ColHg-eyclohexvl, -CaHe-ovciohexyl, O-CH-NH, OnCa e
NHg, O-CaHg-NH, O-CHp-N{CHs b, O-CoHe-N{CH Yy, O-CiHg-N{CH3 1, O-CHy-Het, O
CalHg-Het, O-O3He-Het, O-CHp-CEOXOH, 040 He CEGIOH, O-CiHe-CEOH, OWCHy-
CEOHOCH;, O-CiHe-CEMOCH,, O-CiHe-CEOYOCH,, O-CH-CE0RHet, O-
CHOCH OHO M b, S-OHGOH, S-C5HOH, 8Opr-phenyl, SCh-methyiphenyl, -8
ethryiphenyl, -8, CHLOH, and ~SO.CHOH, wherein Het is mdependently selected from
piperidinyl, morpholingd, piperaziny! azepanyl, imidarolyl, oxetanyl, azetidingd, pyrroliding,
tetrahydropyridingd, 2-oxa-7-azaspiro[3.Slnonanyl, 2-oxa-G-azaspire]3. {octanyl, and H-oxa-
-azaspivo] 3.3 theptanyl, wherein sach of the piperidinyl, morpholinyl, piperaziny], azepanyl,
imidazolyl, oxetanyl, azetidinyl, pyrroliding, tefrahvdropyridinyd, 2-oxa-7-

azaspire{3. 5 nonanyl, Z-oxa-G-azaspire] 3.4 joctanyl, Goxa-1-azaspiro{3.3 theptanyl,
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cyslopropyl, evelobutyl, eyclopentyl, and cyclohexy! moleties is optionally substituted with
one, two, three, or four members independently selected from Buoro, chioro, methyl, sthyl,

propyl, oxe or phenyl,

{8084} in certain embodiments, when nis 1, 2, 3, or 4, the R® substituents may be listed
individnally as R, R R¥ o R respectively. In certain embodiments, whenmis 1, 2, 3,

or 4, the R” substituents may be listed individually as R®, R®, R™, or RY respectively

180651 In certain embodiments of & compound of the present application, R is

s E 2 ; 3 E g - 3
independently methyl, chlore, fluore, or eyane; R is methyl or ethyl; R s cvano or halo; R®
N PR - . g § P

is NHjy, halo, or U4 alkyl; and R s NHy, bale, or Crug alkyl; whersin only one of R and R’

is NH;.

1068} In cortain embodiments of the compounds of the present application, each R s
independently methyl, chlore, fluoro, cyano, tetrshydropyridinyl -CHe-C{=OM0H, -CyHe-
CEOOH, -CiHe-CEOOH, -CHp-CEIN,, ~CHCEOINCH ), ~CHCEOWNH,, -
CaHe-CEOIN{CH ), ~OsHe-CE0INH,, -OiHg-CEOINECH ), -CH-CE0Het, T
CEOMHet-OiHe-CE=0RHet, O-CHa-C{=0M00H,, O-CiHe-CEOIOOH,, O-CsH-
CEOOCH,, ~CHp-Het, -Collg-Het, -CiHg-Het, -UHp-ovelopropyl, ~Cale-cyclopropyd, -
CiHg-eyelopropyl, -CHp-oyelobutyl, -Cillg-eyclobutyl, ~-CiHeoyelobutyl, ~-CHa-cyclopentyl, -
Catgmoyclopentyl, ~CsHy-oyolopentyl, -CHy-ovelehexyl, ~Colpmoyvelohexyl, ~CyHg-
cyclohexyl, O-CH-NH;, O-CilHe-NHy, O-CalHe-NH,, O-CHp-N{CH ), O-CaHe-NICH ), O-
UaHg-N{CH3 3y, O-CHp-Het, O-CiH-Het, O-CiHe-Het, O-CHCEQIOH, G-CoHeCEOIQH,
O-Calls-CiE=0i0H, O-CH-CEOIOCH;, OCHCEOYCH,, O-CHe-C=0Y0CH;, O-
CHp-Ci=0-Het, O-CHO(CH NCHOHY,, S-CHOH, S-CiHOH, SOs-phenyl, SO
methyiphenyl, ~-8Cq-ethylphenyl, -SOy-cyclopropyl, -8Op-cyelobatyl, -80-cyclopentyl, -
SO H-Het, -SOCH;, ~80CaHs, ~SOuCsHy, 80, CHLOH, and S0,CHHOH: wherein
Het is independently selected from piperidinyl, morgholinyl, plperazinyl, azepanyl,
midazolyl, oxetanyl, azetidingl, pyrrolidiny, tetrahydropyridingd, 2-oxa-7-
azaspiro] 3. 3 jnonanyl, 2-oxa-6-azaspiro[3 4loctanyl, and S-oxa-1-azaspire[3.3 Theptanyl,
wherein each of the piperidingl, morpholing, piperazinyl, azepanyl, imidazolyl, oxetanyl,
azetidiny, pyrrolidinyl, tetrahydropyriding, 2-oxa-7-azaspive{3.5 lnonanyvl, 2-oxa-6-

azaspiro] 3.4 Joctanyl, S-oxa-1-azaspire{3 3 Theptanvl, cyelopropyl, evelobutyl, cyclopentyl,
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and cyolohexyl moleties iy optionally substituted with one, twa, three, or four members

independently selected from fuore, chlore, methyl, ethyl, propyl, oxo, or phenyl.

REE In one embodiment, nis 0. In other swbodiments, nis 1, 2 or 3. In certain
embodiments, nis 1 or 2. In one embodiment, nis | and the R’ molety fe.g R'H may be

tocated on any position of the phenyl of the quinazolinone ring, as depicted below,
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{0681 In another embodiment, nis 2. v embodiments where n is 2, both R may be the

same or different. Two R’ moistics may be located of any two positions of the phenyl of the
muinazolinons ring as depicted below. For example, two R’ moleties (e.g. R and R may

be in para-, meta- or ortho-positions to each other,
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REESH In yet another embodiment, nis 3. In embodiments where 1 is 3, all R may be
the same or different, or two R’ may be the same and different from the third RL Three B!
modeties {o.g. R RY and RY may be located on any three positions of the phenyl of the
guinazotinone ring as depicted below. For example, the first R' may be ortho to the second

R/, and the first R may be para to the third Y,
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0078 In embodiments where n is 4, all ® (e.g RY™ RY™ R and R may be the same
or different. Also, three R' moleties may be the same or different from the fouwrth R moiety,
or two R' moistiss may be the same or different from the third or fourth R moisties, Al
four R mofeties {e.g B R™ RY and R may be Iocated at any position of the phenyl of
the quinazolinone ving. Inany of the forepoing embodiments, gach of R'® R® R¥ ang R

is independently selected from the moieties defined as R' deseribed hersin,

18071 In one embodiment, each R is indey pendently Crealkyl, Crghalnalkyt, Cs.
seyctoalkyl, Copheteroeyeloalkyl, s sheteroaryl, Coparyl, hale, CYane, Q@i(jﬁff}fi“{}}% O
salkylene-Ceparyl, Crealkylene-Het, O ealkylens-CUy goveloaliogl, Cg*gaikyianem@&w, Ci.
salkylene-N{R ™), sy catkenylens-ORY, Oy galkenviens-N{R ™y, Crgalkvlene-Ci=OR 7,
Crealkylene-C{=0WR Y, Cealkylene-CE0Het, O-Cysatkylene-CEOOR Y, O
satkylone-O-Cpsalkylene-C=MORY, O salkenyviene-N{R ™, OR™, 0.0y ealkvlene-N{R ™),
O-C1alkylene-CHEOR YYCHNR P, O-Cralkylene-Ret, O-Cpealkylene-Ci=MOR™, O-
Crealiylene-C=0)-Het, O-Cpealkylens-ORY, 0-Cy sallvlene-CHIOR O, salinylene-OR Y,
OO salkenylens-ORY, OOy salkenviens-N{R ™, G"i’:g@ﬁik‘ﬁﬁﬁ@&\g&gXS:\‘.{::Q}QRL‘ O-Cy.
calkylene-0-Csalkviene-C=0M0RY 8CL,R ™ 8.0 Lsatkylene-OR™, and SOLNR ™y wherein
Het is heteroaryt or heterocyeloalkyl, wherein R™ is independently hydrogen, Crsalkyl, CL.
shaloalkyl, Crgoyoloatkyl, avyl, heterocycloalkyl, and O sheteroaryl, wherein RV is
independently hydrogen, Uygalkyl, Cpshaloallov, arvl, and hetoroary, wherein R'% s
independently hydrogen, U salkyl, Crshaloallyl, Chgoveloalkyl, aryl, heterooyoloalkyl, and
Cysheteroaryl, and wherein sach of Het, B, RY, and R iy optionally substitted with one,
two, three, ot four members independently selected from halo, oxo, Chgalkyl, and Cyyparyl.
In some smbodiments, Het s 4 seven- to nine-membered spiro-heterocyeloalky! which is
optionally substituled, wherein the spiro-heterocveloalkyl has at least two hetercatoms which
are independently selected from nitrogen, oxygen, or sulfir. In some additional
embodiments, Het is a seven- to nlne-mombered spive-heterocyeloalkyl selocted from the
group consisting of d-oxa-7-azaspivo{3.Sinonanyl, 2-oxa-6-azaspiro]3.4loctanyl, and G-oxa-

f-azaspivo]3. 3Theptanyl, sach of which is optionally substituted one, two, three, or fouwr

3
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members independently selected from hale, oxo, Csalkyl, and Coparyl. In certain
embodiments, Het is a four- to seven-membered heterooycloalkyl which is optionally
substituted, wherein the heterooyeloalky! is & single ring having at least one hetercatom
which is independenily selected from nitrogen, oxygen, or sulfur, In cevtain other
embodiments, Het {s a fowr- to eight-membered heterooyoloalkyl selected from the group
consisting of piperidingl, morpholinyl, piperazinyl, avepanyl, imidazolyl, oxetanyl,
azetidinyl, pyrrolidiny], and tetrahydropyridinyl, each of which is optionally substituted one,
two, three, or four members independently selected from hals, oxo, Craalkyl, and Cagaryl,
In further embodinments, Het {s independently selected from 2-oxa-T-azaspiro] 3.5 nonanyd, 2-
oxa-G-azaspiro] 3.4 joctanyl, 6-oxa-1-azaspiro{3. 3 theptanyl, piperidingd, morpholinyl,
piperazinyl, azepanyl, imidazolyl, oxetanyl, azetidinyl, pyrrolidiny!, and tetrabydrapyridinyt,
wherein Het is optionally substitnted with one, two, three, or four members independently
selected from fuoro, chloro, oxo, methyl, ethyl, fuoromethyl, difluoromethyl,

influsromethyl, faoroethyl, diffuoroethyl, trifluorcethyl, and phenyl,

19472} In certain embodiments of a compound of the present application, nis or 2, and
one R is tetrabydropyridinyl, CHp-C=O0H, ~CaHe-CEHEOYOH, U He-C=00H, -CH,-
CEONH,, ~CHpCEON(CH ), -Gl CEOINH,, ~CHACEOINICH ), -Calee
CEUIN, ~CilHeCE=0MNCH b, ~-CH-CEOMHe, OHe-CE0WHet, -Gy H-CE0-Het, O-
CHa-Ci=O300H,, |, O-CiHe-CEMOGH,, O-CHCEOYOCH,, SCHp-Het, -ChHg-Het, -
Cilg-Het |, -CHy-oyolopropyl, ~-OoHg-evelopropyl, ~CiHeovelopropyl, ~-CHa-ovelobutyd, -
Callecyclobutyl, -CiHg-oyolobutyl, -CHa-eyclopentyl, ~CrHy-cvelopentyd, ~CyHe-
cyelopentyl, ~-CHy-cyclohexyl, -Colpovelohexyl, ~-CiHg-oyvelohenyl, O-CH-NH,, OO0 H-
NHz, O-CiHe-NHy, O-CHp-N{CH )y, O-GoHN{CH b, O-C3He-N{CH by, G-CHe-Het, O-
Calg-Het, O-Cilp-Het, O-CHp-CEMQH, O-CiHe-CEOIOH, O-CaHe-CEOWH, O-CHa-
CEOMOCH;, O-CHeCEMOCH,, O-CHeOE=OYICH;, O-CH-CE0)Het, O

CHC{CH N CH O Y, 8-CoHOH, 5-C3HOH, SOs-phenyl, SCr-methyiphenyl, ~S0O5-
ethylphenyl, -8Op-cyclopropyl, -S8Cr-cvelobutyl, ~8Op-cyvclopentyl, 80Oy H-Het, -
SORTHs, SO, ~SORTHy, ~S0,CHLOH, or -S0:0:HOH, wherein Het s independently
selected from piperidinyl, morpholing, piperasingl, azepanyl, imidazolyl, oxstanyl,
azefidinygd, pyrroliding, tetvalrydropyridingl, 2-oxa-T-azaspiro{3.5 nonanyl, 2-0xa-6-
azaspire{ 3. 4joctanyl, and 6-oxa-1-azaspivo{3.3Theptanyl, wherein sach of the piperiding,

morpholing, piperazingd, azepanyl, imidazolyl, oxetanyl, azetidinyl, pyrroliding,
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tetrahydropyridinyd, 2-oxa-7-azaspive]3. Snonanyl, 2-oxa-f-azaspire]3.4Joctanyl, 6-oxa-1-
azaspirol3. 3 theptanyl, cyclopropyl, oyclobutyl, cyclopentyl, and evelohexyl moisties is
optionally substituted with one, twe, thres, or four members independently sslected fom

fluore, chloro, methyl, ethyl, propyl, oxe, or phenyl.

JO673] In certain embodiments of a compound of the present application, nis 1 or 2, and
one R’ is tetrahydropyridingl, CH-CEOWON, ~CoHa-Cl=00H, -CiHe-CEO0H, -CHa-
C=MNHG, ~-CHp-CE0IN(CHa b, ~CoHe-CEOINH,, ~CoH e CHONICHH Y, -CaHe
CEOINH, -GiHe-CEONCH b, ~CH OO Het, CHe-CE0-Het, -CaHe OO - Het, O-
CHy-CEOYOGH,, O-CHeCEOYOCH, OG- CEMOCEH,, -CH-Het, -Coly-Het, -
UsHg-Het | -CHyproyelopropyl, -Coly-cyclopropyl, -CiHg-evelopropyl, -CHy-cyelobutyl, -
CoHg-oyclobutyl, -Calgovelobutyl, ~CHy-oyclopentyl, -CyHg-cyclopentyl, Oy
cyclopentyl, -CHy-cyclohesyl, -CiHeoyelohexyl, -CilHe-cvelohexyl, O-CH-NH,, OOy
Nz, O-C3He-NHy, O-CHp-N{CH;3 ), O-OaHeN{CHy Yy, O-CaHe-N{CTH )y, O-CH-Het, O~
CaHg-Het, O-CiHg-Het, O-CH-CEOOH, O-CHe-CEMOH, OO He-CEO0H, OOH,-
CEOHICH;, O-CHe-CEOYOCH,, O HCEMOTH,, O-UH-CE=0Het, O

CHCICH UHOH Y, S-CHlOH, 8-CoHOR, SOy-phenyl, SOp-methyviphenyl, -80,-
ethylphenyl, -SOy-cyelopropyl, -8Oz-cvelobutyl, -80-cyclopentyl, 8O-ColeHet, -
STHTHOH, or ~-80CHaOH; wherein Het is independently selected from pipenidingd,
morpholingd, piperazinyl, azepanyl, imidazolyl, oxetanyl, azetidinyl, pyrroliding,
tetrahydropyriding, 2-oxa-T-azaspivo{3. 5 nonanyl, 2-oxa-S-azaspirof3.4Joctanyl, and 6-oxa-
1-azaspiro] 3.3 theptanyl, whereln each of the piperidinyl, morpholinyl, piperazinvl, azepanyl,
imidazolyl, oxetanyl, azetidinyl, pyrrolidingd, tetrahydropyriding, Z-oxa-7-

azaspivo{ 3. Flnonanyl, 2-oxa-G-azaspive{3 4loctanyl, S-oxa-1-azaspivo]3.3Theptanyi,
cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl moleties is optionally substituted with
one, two, three, or four members independently selected from fluoro, chloro, methyl, athyl,

propyi, oxo, or phenyl,

{84741 In certain embodiments of a compound of the present application, nis I or 2, and

one R' is tetrabydropyridingd, ~CoHe-CEOOH, ~OiHe-CEQIOH, -CoHpCE=OWNH,, O-CH-
CEOIOCH,, -Cilg-Het, ~Ciligreyelohexyl, O-CHay-Het, O-CoHe-Het, G-Cale-Het, O-OHa-

Ci=Gp-Hel, O-CHCCH N CH O, S-CRHLOH, SOs-phenyl, 8Oy-methviphenyl, -SO,-

cyclopentyl, and ~-SOC,HLOH, wheretn Het is independently selected from piperidingd,

§.43
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morpholiny, piperazingl, azepanyl, imidazolyl, oxetanyl, pyrrolidingd, 2-oxa-7-
azaspirof 3. Sjnonanyl, T-oxa-G-azaspirol3 4loctanyl, and 6-oxa-1-azaspiro] 3.3 theptanyl,
wherein each of the piperidinyl, morpholinyl, piperaziny!, azepanyl, imidazolvl, oxetanyl,
pyrrolidingt, 2-oxa-T-azaspiro{3.5jnonanyl, 2-oxa-6-azaspiro{3.4Joctanyl, 6-0xa-1-
araspiro|3.3 fheptanyl, cyclopentyl, and cyelohexyl moieties is optionally substituted with
ong, two, or thres members independently selected from Buorp, chloro, methyl, ethyl, propyl,

oxa, or phenyl

THLERT In some embodiments, each R is iiidﬁ}?ﬁfﬁdﬁnﬁv selected from Crealkyl, Co
shadoatkyl, Couparyl, Cs sheteroaryl, Cap oveloalkyl, C ssheterocyeloalkyl, halo, evano, Oy

salkylene-C{=OH, Cpallylene-CEOYOC galkyl, Crealivlene-CE010.
sheterocyeloalioyl, Oy ealkylene-C=0)Cageveloatkyl, Cralkylene-C{=0)NH,, Crgatkylene-
CEOMNC Lsaliptls, Crsalkylene-CEOINHT qalkyl, € salkylene-OnCpgalkyviene-
CEOYOH, Crealkylene-0-Cpgalkylene-CEMOC alkyl, Crealkvlene-Cyoaryd, G
satkylene-Cogheteroaryl, Crsalkylene-Cy sheterooyeloalkyl, C salkylens-Us soveloalkyl, Co
salkylene-OH, Cis alkylene-OC galkyd, O-Cealkviens-N(Csalky), O-C4 salkviene-NHC,.
satky, O-Upealkylene-NH,, O-Crealkyvlene-CH{OR _galkyiINH,, OO galioyvlene-
CH{OH)C oalkyIN{T galkopl)y, O-Cygaliovlene CHIOHIC Lealk yINHC galkvl, O-C4
salkylene-CH{OC  aalkyliCealkyiNIL, O-Crealkylene-CHIOC: salkyhC; SalkyIN{Cy
satkylh, O-Chsalkylene-CH{OCU LaalkyliCycalkyINHC galiyl, O-Cyealikylene-Cy.
sheterocyeloalkyl, O-Cgalkyiens-Cssheteroarvl, 0~ salkylene- CE=OOH, 0.0 galkyvlene-
C{=0H00 gqlkyl, O-Cygalkylene-CE=0)-Chsheteroeyeloatkyl, O-Cgalkylene-Ci=(h0C,.
seveloalkyl, O-COpcalkylene-C=0Y0C,. paryl, O-Craalkylene-OH, 00 sallylene-0C;.
seycloalkyl, O-C salkylene-OCT salkyl, O-Crsalkylene-CH{OHC salkylens-OH, OOy
salkylene-NHO=MOH, O-Calkyvlens-0-C salkvlene-CE=0H, 8-Ceallyvlene-OH,
SOCh ealloylene-Cosheteroeveloadloyl, SOyCqa0arvd, SO,Chseveloalkyl, SO salkyliene-OH,
SON(Chsalkyllz, or SGoNHy; wherein each of the Cgoaryd, Cypeycloalkyi, T,
shieterooyoloalkyl, and Gy gheteroary! moleties is optionally substituted with one, two, three,
or four members independently selected from fluore, chloro, oxe, methyl, ethyl,
fluoromethyl, diffuoromethyl, trifluoromethy], Suoreethyl, diffuorosthyl, frifluorosthyl, and
phenyl. In some additional embodiments, each R is independently selected from Crgalkyl,
Crshaloalkyl, Cs.pnaryl, Cosheteroaryl, Csp ovcloalkyl, T sheterocyeloalkyl, halo, cyano, Oy

salkylene-C=O0H, Cygalkylene-C=0)-C; sheterocyeloalkyl, O salloylene-CEOINH, Oy
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salkylene-C{=0N{Cy satkylh, Crealkylene-Crsheterooveloalkyl, Cealkviene-Cs.
seyeloalioyl, OOy galkylene-N{Cealkyh, O-Cp galkylene-C sheteracyeloalkyl, O-Cy.
salkylene-Cygheteroaryl, O-Cpsalkylene-CE00Csalkyl, O-Crsalloylone-C{=0-Cs.
sheterocyetoalkyl, G-Cysalkylene-CH{OHIC  salkviene-OH, 8-C galkylena-OH, 0.0,
salloylene-Cy sheterooyeloalkyl, SOuCqparyl, SO0 soveloalkyl, and SO0 jgatkylene-OH;
wherein each of the aryl, eycloalkyl, and heterocycloatkyl moideties is optionally substituted
with one, two, three, or four members independently selected from fuore, chioro, oxo,
methyl, ethyl, and phenvl. Bach and every variation of n snd R may be combined with sach
and every varlation of W, m, B, P rY, ®° R and R as desoribed for any of the foregoing

formulae,

{8876] In some embodiments, mis 0. In other embodiments, mis 1, 2, 3, or 4. In yet
other erbodiments, mis 1 or 2. In the embodiment where m is 1, the R molety way b

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

2 2
R)Ii’:\ P, N v"'g
42..1’ Ry j??."' \\‘x""} A.-‘g; \\\b»\w”“

{BeT7 In the embodiment where m is 2, both R¥ may be the same or different. The two

’4

A%

2 e , s 20 > ‘o : .
R moieties {e.g. R™ and R™) may be located on any two positions of the phenyl ring, as

depicted below.

e Ria s
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HIOTE] Fn embodiments where m s 3, all &7 may be the same or different, or two R may
be the same and different from the third R, The three R® moietics {e.p R™ R* and R?"cf}
may be located on any three positions of the phenyl ring. In embodiments where m is 4, all
four R* may be the same or differend, two R® may be the same and different from the third or

fourth RY, or three R may be the same and different from the fourth 82 The four R moieties
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wherein;

RY and R are independently selected from the modeties defined for B described
herein;

R and B are independently selected from the moleties defined for B® described
herein; and

Y R R RS, and R are as defined herein;

or & pharmaceutically accepiable salt, isomer, or a mixture thereof,

{3081} En other embodiments of formula (T) where n is 2 and m i 2, the compound is of

foromda {142}

pia O ‘L
,fi\\ f‘L\ .x’l;\ - 25
ﬁ Q,\‘T» N N Rc.
. fﬁg\ N{; i\T - RS
R a-NL N R

A A

U
R¥ {1A-2),

owiE b plr pih nld pd pi 7 . :
wherein R, R 8% r® R7 R R 88, and R are as dofined herein;

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

{B083 In other embodiments of forraula (I} where nis 2 and m is 2, the compound ig of

formulda (1A-3):

et \N‘. T__..-
RIB NN R
X
RN
Rﬁ
{TA-3),

T 2 2 nd nd Bt ph 5 . .
wherein ™ R 2% R rY R 85 R, and R ave as defined herein;

or & pharmaceutically accepiable salt, isomer, or a mixture thereof,

39



WO 2015/200352

PCT/US2015/037234
THOR3

In vet other embodiments of formula (I} wheronig and m is 2, the compound
has the structure of formula (IB-1

{IB-1},
nerein B RZ B2 RS RE RS, RY, and R ave as defi
wherein RY R R R, RS RO, RY, and R ave as defined herein

or & pharmacentically acceptable salt, isomer, or a mixture thereot.
o084}

In et other embodiments of forroula () wherenis 1 and m is 2, the compound
1as the structure of formula (I8-2):

. %2 nih pl pd ud Rt 7 .

wherein R', B% R™ RS RS RO RS, and R are as defined herein,
or & pharmaceutically acceptable salt, isomer, or a mixture thereof.
{H08S]

in yet other embodiments of formmla (I wheren s | and r1 18 2, the compound is
of formula (IB-3}:

REE o
1w O 1
% a ji ,:’.,5\‘;\\\ ._j‘
E“ﬁ?* a7 pae
NN
" :‘i N =
So" o N
=4 5 {’
w7 %’—:"N
RS

{IB-3},
wla nd plt pd pd s 7 _
wherein R R® R® R RS R, RE, and R ave a5 defined hersin;
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or a pharmaeceutically acceptable salt, isomer, or a mixture thereof

{0861 In yet other embodiments of formula () where nis | and m is 2, the compound

has the structore of formula (IB-4):

§:§23
(3. r'::::f\\;L
7 \*IJL Ry
L\\f_j‘} \N:'I;’E‘\\Eprﬁ’g
rRE N N R
RETOOY
R e N

" ,
R {I8-4),
ST PR S . S BN S 7 - .
wherein R, B%, R® »Y rY R, R and R are as defined herein;

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

{687 In yet other embodiments of formula (T) where nis 1 and mw is 2, the compound is

of formula (I8-5)

e (IR-%),
wherein R™, B® B®, R% 8% ®° 8, and R7 are as defined heretn;

or a pharmacewtically acceptable salt, isomer, or 2 mixture thereof,

{0088} in the embodiments, the compound has the structure of any of the foregoing
formulas (TA-1), (EA-2), (FA3), (IB1), (1B-2), (0B-3), (IB-4), or (IB-5), wherein R is
chiore, fluoro, SOrphenyl (Lo SGCH;), SOpmethy! (e, SOCH, Sth-methyiphenyl,
SUpcyclopentyl, SOp-ethylene-OH (Lo SOCHLOH), SCHOH, SO,CH-Het, O-
Cal{CH HCH O M Y, O-CoHN{CH Y, O-CHUIOIOC Hy, G-CHLOIO M et
tetrabiydropyridinyl, CH;UO0H, GHLCOOH, GHCOOH, CHCIOINH,, CoHOOWNH,,
CsHaCEOINH,, CHaCIOM{CH, )y, CoHLCIOIN(CHy Y, GHCOMIN{CH ), CHOO)Het,
CaHaU{O-Het, CiHO(O-Het, CHy-Het, CiHe-Heg, Calg-Het, O-CHp-Het, O-CoH-Het, G-
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UaHe-Het, wherein Het Is azetidingd, pyreolidinyl, piperidiny], azepanyl, piperazinyl,
imidazolyl, oxetanyl, morpholiny], 2-oxa-7-azaspivo{3.5lnonanyl, 2-oxa-6-
azaspiro{3.4loctanyl, S-oxa-T-azaspivo] 3.3 Theptanyl, where each of the Het moisties is
optionally substituted with one, two, three, or four menbers independently selected from oxe,
fluore, methyl, and pheayl. In some other ombodiments, the compound has the structuwe of
any of the i'bmgaiﬁg formuiae (A-1), (IA-2), JA-3), (IB-1), (IB-2), (IR-3), (IB-4), or (IR-5),
wherein R is fluoro, chloro, me thyl, or cyano. In cerfain embodinnents, the compound has
the structore of any of the foregoing formudae (JA-1), (JA-2), JA-3), (IB-1), (IR-2), {(IR-3),
{(IR-4), or {IB-3), whereln R® is fluoro, difluoromethyl, fluoromethy], rifluoromethyl, or
SO,NH;, In certain other embodiments, the compound has the structure of any of the
foregoing formulae QA1) JA2), QAS3), (IB-1), (B-2), (IB-3), (IR-4), or {IB-5), wherein
R 15 fuore, or cvano. Each and every variation of RY and R may be combined with each

and every varlation of B R®® ®* »Y ®°, R®, and R7 as described herein,

{GO8%] in the embodiments, the compound has the structure of any of the foregoing
formulae (A1} ((A-2), (TA-3), (IB-1), (IB-2), (IB-3), (IB-4), or {IR-S}, wherein R iy
methyl, chloro, fluore, cyane, tetrabydropyridingl,-CH-CEGOH, -ColHe-CEOOH, -CaHe
CEOHOH, ~CHpCEOINH,, -CHpCEMNICH ), ~Coll-CEOINT, -CoH-CE0INICH ),
~CHp-CE=0INH,, ~CiHe-CHEOIN{CH Y, ~CHp-Cli=0-Het, CHp-CEORHet,-CilHe-Of=0)-
Het, O-CHp-CEMOCH;, G-CiHe-CEO0CH,, O-0iHe-CEOYOC:H,, ~CHp-Het, O M-
Het, -CiHe-Het , -CHy-ovclopropyl, ~CyHecyolopropyl, -Ca Hg-cyclopropyl, ~-CHz-evclobuyl,
-CoHg-cyclobutyl, -Cils-oyclobutvl, ~-CHy-cyclopentyl, -CiHe-cyclopentyl, ~C3Hg-
cvelopentyl, ~-CHy-oyclohenyl, -CoHy-cyvolohexyl, -Cilgoyelohexyl, O-UHR-NH,, O-CyHe
NH;, O-CsHe-NHy, G-CHp-N{CHy )y, G-Calp-N{CH b, O-CiHe-N{CH ), O-CH-Het, O-
CiHeHet, O-UiHe-Het, G-CHp-CEOYOH, OO HeUEMOH, O-CiHeCEMOH, O-CHy-
CEGHOCH;, O-GHeCEMOUH,;, O-CiHe-CEOGCH;, O-CHpOE0-Het, O-

CHaOCH CH0H Y, 8-GHOH, §-CaHOH, SOy-phenyl, SOr-methyiphenyl, -8Op-
ethylphenyl, -8Cq-cyclopropyl, -SOpovelobutyl, ~80z-cvolopentyl, SO0 He-Het, ~80.0H,,
=SSO ~SORTHy, ~SOHCHOH, or -SO:CHOH; wherein Haot is independently sefected
from piperidinyl, morpholingl, piperasioyl, azepanyl, imidazolyl, oxetanyl, azetiding,
pyrrolidinyl, tetrahydropyridinyl, 2-oxa-7-azaspiro]d. Snonanvl, 2-oxa-6-
azagpiro{3.4octanyl, and 6-oxa-1-azaspire{3. Atheptanyl, wherein each of the piperidinyl,

morpholiny, piperazinyl, azepanyl, imidazolyl, oxetanyl, azetidingd, pyrroliding,
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tetrahydropyridinyt, Z-oxa-T-azaspiro[3 Sinonanyl, 2-oxa-6-azaspiro{3.4Joctanyl, 6-oxa-1-
azaspiro[3.3theptanyl, cyclopropyl, eyclobuiyl, cyclopentyl, and eyclohexyl moteties is
optionally substituted with one, two, three, or four members independently selected fom
fluore, chiors, methyl, ethyl, propyl, oxo, or phenvl. In some other embodiments, the
compound has the structure of any of the foregotng formudae JA-1), 1A-2), JA-D), (IB-1,
{IB-2), {IB-3), {1B8-4), or (IB-5), wherein R'" is fluore, chioro, methyl, or cyano. In certain
embodiments, the compound has the strocture of any of the foregoing formulae JA-1), (IA-
2}, {1A-3), (IB-1), {IB-2), (IR-3}, (IB-4), or (IR-5}, wherein R™ is fluora, diftuoromethyl,
Huoromethyl, triffuoromethyl, or SOLNH:. In certain other embodiments, the compound has
the structure of any of the foregoing formulae (IA-1), (1A-2), (14-3), (IB-1), (IB-2), (IR-3),
{(IB-4}, or {IB-5), whersin R is fleore, or cyano. Bach and every variation of R and '
may be conbined with each and every variation of R* ®® rY, rY, R R® and R as

described herein,

108G In the embodiments, the compound has the structure of any of the foregoing
formudae (IA-1), JA-2), (FA-3), (TB-1}, (IB-2), (IB-3), (IB-4), or {IR-3), wherein R¥ is
tetrahydropyridinyl, CHp-CE=OOH, ~CHe-CEOYOH, ~CiHe-CHEOIOH, -CHCE=0INH,, -
CHpC=OIN(CH Y, ~ColHe Cl=00NED, ~Cile- CEOMNICH ), ~CiHe Cl0iNH,, Oyl
CEOIN{CH ), ~CHp-CE=0RHet, CHACEORHL-OiHCE0 - Het, G-CHp-CEiOT: Hy,
OO Hgp-C{=0N0CH,, O-Calle-CE=0300:Hy, -CH-Het, -CoHe-Het, ~CiH-Het |, -CHae
cyclopropyl, ~CpHy-cyclopropyl, -CiHs-cyclopropyl, -CHy-eyclobutyl, «CoMy-cyelobutyl, -
CaHg-oyolobutyl, -CHy-cyelopentyl, -Colys-oyclopentyl, «Callg-oyclopentyl, «CHy-cyclohexyl,
~CoHg~eyelohexyl, ~CiHg-oyclohenyl, OnCHNH,, OCiHa-NH,, O-CaH Ny, O-CH-
N{CHsh, O-CaHe-N{CH Y, O-CiHeN{CHy Y, O-CH-Het, O-CoH-Het, O-C3He-Het, O
CH-CEOOH, GuGHECEOOH, OG- CHEGIOH, G-CH-CEQIOCH;, 040 Hy-
CEOHOCH;, O-CiHe-CHEOH0CH,, O-CHCE0 R, G-CHUICHNTH O Y, S
CaHGOH, 8-CiHOH, SOy-phenyl, SOr-methylphenyl, -8O-cthylphenyl, -SOy-oyclopropyl, -
SGr-eyelobutyl, -SOp-cyclopentyl, -SOC He-Het, <80,CH;, -80,CaHs, 80038, -

SO HAOH, or =800 CiHOH; wherein Het Is independently selected from piperidingd,
morpholinyd, piperazinyl, azepanyl, imidazelyl, oxetanyl, azetidiny, pyrrolidinyd,
tetrahydropyridingy, I-oxa-T-azaspire]3.5nonanyl, 2-oxa-G-azaspiro]3.4]octanyl, and G-oxa-
1-azaspirol3.3 theptanyl, wherein cach of the piperidingl, morpholinyl, piperacinyl, azepanyl,

imidazolyl, oxetanyl, azetidingl, pyrrolidinyl, terrabydropyridiny, 2-oxa-7-
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-~

azaspire{3.3 inonanyl, T-oxa-G-azaspiro] 3. 4joctanyl, 6-oxa-1-azaspiro]3.3 Theptanyl,
cyclopropyl, cyelobutyl, eyclopentyl, and eyclohexyl moleties is optionally substituted with
ong, two, three, or four members independently selected from fluoro, chioro, methyl, ethyl,
propyl, oxa, or phenyl. In sowe other embodiments, the compound has the structure of any
of the foregoing formudae (A1}, (A2}, (JA-3), (B-1), (IB-2), (IB-3), (B-4), or (IB-5),
wherein R is fluorn, chloro, methyl, or cyano. In certain embodiments, the compound hag
the structure of any of the foregoing formulae A1), TA-2), (A-3), OB-D), (IB-2), {(IB-3),
{IB-4), or {I8-5}, wherein R* is fluoro, difteoromethyl, fuoromethyl, triflueromethy, or
SO:NH;. In cerain other embodiments, the compound has the structure of any of the
foregoing formulae JA-1}, (TA-2), (1A-3), (IB-1), (1B-2), (IB-3}, (IB-4), or {IB-5), wherein
R is fluors, or gvano. Fach and every variation of R and R way be combined with each
and every variation of R®, ®®, &%, &Y R RY and R as desoribed herein,
{8091} fn certain embodiments, R is hydrogen, optionally substituted Cy ¢ alloyl,
optionally substituted Cag oyeloalkyl, or optionally substituted Cogarvl. Inone
embodiment, B s Cay cyeloaltkyl, Ceaoaryl, or Crgalkyt optonally substituied with
hydroxy, Csao arvlC g alkoxy, Cig ovaloalkyl, or ~C{=OINRYRY wherein each B™ and BY
18 independently hydrogen, Crealkyl, or Crghaloalkyl In some emboditeents, R is methyl,
ethyl, propyl, butyl, pentyl, hexyl, cyclopropylmethy!, cyclopropylethyl, eyelobutylmethyl,
cyclobutylethyl, oyclopropyd, oyclobutyl, cyclopentyl, eyelohexyl, -CHOH, ~CoHOH, -
CsHeOH, phenyl, -CRp-Cl=0iNH,, CoHe-CEOINH,, ~CiH-CEOINH,, ~OH,-
CEOIN{CH):, ~OoHCEON(CH Y, or ~CiHe-CEOMNCH L. In some other
embodiments, RY is methyl, ethyl, propyl, eyclopropyl, oyelobutyl, phenvl, ~-CH;-

R} In additional evabodiments, 8 is hvdrogen or opHonally substituted Cig allyl, Tn
some embodiments, R is hydrogen or Cis alkyl. In certain embodiments, R is hyvdro gen,

methyl, ethyl, propyl or batyl. In certain other embodiments, R” is hydrogen.

HE B! In forther embodiments, R and R” with the atoms to which they are attached {e..
carbon and nitrogen, respectively) optionally form a heterocyolic ring that is optionally
substituted. In other embodiments, the R7-R” hetevocvelic ving is an optionally substituted
thwee- to eight-membered heterooyeloatkyl (e, heterocyeloalky! having three to elght ring

a2 . 5 P N 3 8
members and at least one ring member is & heteroatom). In other embodiments, the R%.R°
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heterooyelic ring is an optionally substituted four- to seven-membered heterocycloatkyl (e
heterocycloalkyl having fowr to seven ring members and at least one ving memberis a
heteroatom). In cortain other embodiments, the R%R? teterooyelic ring 18 Csg
heterooyeloalkyl. In certain embodiments, the R%-R heterooyelic ring is avepanyl, azetidinyl,
piperidingd, pyrrolidingd, or morpholinyl; where each of the azepanyl, azetidinyd, piperidingd,
pyrrolidinyl, and morpholinyd motetiss is opHonally substituted with one or two members
independently selected from halo, Crgalkyl, Crghaloalkyl, and NE™CENRY where B is
hydrogen or Cpsalkyl, and R is Cpsalkylens- N, O aliovlene-Cyseveloalkyl, or O
shaloalkyl. In further embodiments, the R™-R” heteroeyelic ring is selected from azetidinyl,
morpholing, and pyrroldiny, each of which is optionally substituted with one member of
Huoro, chiloro, fode, methyl, ethyl, propyl, N{CH: 3CEOWCH N, N{CHNCE=0WCHE,,
NCHCEOWCHLCF,, N(CHCECeyaopropyl, NHOCEMCHNH,, NHOEOCHE,,
NHOEOMCH,CE;, or NHOE evolopropyl.

{6094 In vet other embodiments, R® is cyane, halo, Crehaloalkyl, CE=QW, or OO,
salkyl In some other emnbodiments, B g cyano, chlovo, fluore, brome, todo, methyl, ethyl,
propyl, flucromethyl, diffuoromethyl, tifluoromethy!, Suorcethyl, diflooroethyl,
triflucroethyl, or CEOYCH. In yet some other embodirnents, RY is oyang, chlore, fluoro,
methyl, or Cf=(HCH;, In certain embodiments, R%is NHy, halo, or O galkvl, In certain other
emnbodiments, R” is NHz, fluoro, chloro, brome, lode, methyl, ethyl, or propyl. In vet certain
other emabodiments, R® iz NH,, chloro, or methyl. In additional embodiments, R s NH,,
hale, or Cpsalkyl, In some additional embodiments, B is NH;, fluore, chdore, methyl, ethyl,
or propyl. In yet some additional embodiments, R is NH,, chioro, or methyl, Each and
every variation of R® may be combined with each and every variation of W, i, m, RY R R®,

4 7 N o
R, R, and B as described herein,

LAY In certain embodiments of the compounds of the present application, when R and
R” form a S-menabered heterooyclic ring that is optionally substituted with hvdroxyl, halo, or

. & . . T, .
methoxy, R s W ENTR 2%is aming, and R’ is amine;

1H096] For certain compounds desoribed herein, each unigue sterecisomer has a
compound nurnber bearing a suffin “a”, “b”, ete. As an example, Compound 1 bearing ene

chiral center can be resolved tnto its individual enantiomers 1a and 1h
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0897 In any one of the foregoing ernbodiments, the compound deseribed hereln or a
pharmaceutically acceptable salt thereof is the (§-enantiomer. I is understoad that each
compound having a chival center has enantiomers that correspond with the “8” and “b”

gxample provided abhove.,

RS A composition containing a mixture of enantiomers of the compound described
herein or a phanmaceutically acceptable salt theveof, i3 also provided herein, In some
embodiments, the composition contains the (Srenantiomer of the compound aed is
substantially free of s corresponding (R)-enantiomer. In certain embodiments, a
composition substantially free of the (R)-enantiomer has less than or about 40%, 35%, 30%,
23%, 20%, 15%, 10%, 5%, 1%, (L.05%, or 0.01% of the (R}-enantiomer. In other
embodiments, the composition containing the (8h-enantiomer of a doscribed hereinor a
pharmaceuntically acceptable salt thereof, predominates over its corresponding (X)-onantiomer
by a molar ratio of at least or about ®:1, at least or about 1911, af least or about 40:1, at least

or about 83:1, at least or about 16001, or at least or about 320:1,

HEESY The composition containing a compound of fornmla described herein or a
pharmaceutically acoeptable salt thereof, may also contain the compound in enantiomeric
excess {e.8.}. For instance, a compound with 85% (S-isomer and $% (Ry-isomer will have an
g.e. of 30%, In some embodiments, the compound has an e.e. of at least or about §0%6, 75%,
BO%, 85%, 0%, 95%, 98% or B9%. In some of the foregoing embodiments, the compound

is enantiomericalby-enviched iny the {(M-isomer of compound of formula described herein,

[00IG8]  Frovided is also a composition comprising & mixture of the (S)-onantiomer and the
{R}-enantiomer of & compound of formula deseribed herein or a pharmacseutically acceptable

salt thereof. In one embodiment, the mixture is a racemic mixture, In other embodiments,
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the composition comprises the {(8}-ensntiomer of a compound described hersin or a
phasmacentivally acceptable salt thereof, wherein the (Shenantiomer of the compound is
present in excess of over the corresponding the (R)-enantiomer of the componnd, or a

pharmacentically acceptable salt thereof

{G183]  In any one of the foregoing embodiments, the eompound described hersin ora
pharmaceutically acceptable salt theveof, is an atropisomer. A composition containing a
mixture of atropisomers of the compound described herein or a pharmaceutically acceptable
salt thereof, Is also provided herein. “Atropisomers” refers o conformational steresisomers
which ceenr when rotation about a single bond in the moleculs is prevented, or greatly
slowed, as a result of steric interactions with other parts of the molecnle and the substituents
at both ends of the single bond are asymmaetrical, f.¢, they do not require a stereocenter,
Where the rotational barrier about the single bond is high enough, and interconversion
between conformations is slow enough, separation and isolation of the isomeric specios may
be permitted.  Afropisomers are enantiomers without a single asymmetric stom. As an

example, Compound 17 can be resolved info it individual atropisomens as depicted below.
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108103]  Representative compounds of the invention are Hsted in Table 1 helow in its none
someric form. The compounds in Table 1 are named vsing ChemBiolvaw Ultra, Similarly,
the Compounds 1-116 {which include certain compounds of Table 1) are named fnsing
ChemBioDraw Ultra. B is understood that other names may be used to identify compounds

of the same structure. Other compounds or radicals may be named with common names, or

FN
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Table 1. Representative Compounds

# Structure Name

& {Senantiomer
b {R)-enantiomer

N N 2-feyelopropyl{(2,6-diamine-5-gyanopyrimidin-d-ylamine rusthyl -
i TN ;o “n 2 30 b e et
1 =y fluom-deone-3phenyl- 3, 4-diiydroguinazoline-S-carhonitrile
s L
,‘.»-"'«\\\\_..«’jj\M«"”\\x.f” . .
b B a: {S}-enantiowmer

b {(R}-enantiomer

2 4-diamine-&-{{{S-chiore-4-oxo-3-phenyl-3 d-Hhydroguinazolin.2-
yh(phenyhmethyliaminapyrimidine S-carhonitrile

a; {Sienantiomer
b {R}-enarsiomer

A-{eyclopropy (2 G-diamino-S-cyanopyrimidin-d-ylamine methyD-3- 3«
{diftnoromethyl-Sefhuorophenyl)-d-oxo-3,d-dihydroguinazotine-S.
carbonitrile

& {S)henantiomer
b {Ri-enangiomer
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Strocture Name
-~ 2 A-damino-t-{{oyclopropyi(3-(3-fluorophenyh-3-(methylsuifonyli-d-oxoe
e
[" W\ 3,«%-ai,.‘nyquusmzshnm~y§)mci. yhamidne ipyrimidine-d-carbondtrile
TR
» i\“\ ] {S}w cnantiomer
e b {Ri-enantiomer
5 H
- BN . NH
oy
N
‘ N
L 4-dlamine-6-{{eyciopropyi(3-(2 s-diffuorophenyl}-5-{methylmifonyl -4
oxro-3A-gilydroguinazolin-2-yDmethyDaninapyrimidine-S-carhonitrile
a: {S-enantiomer
by (R enantomer
E Zfeyclopropy (2 6-dismino-Soymopyrimidin-d-yliarsino osthyl -6~
L P
a e j fnore-3-(3-uoropheny]-4-ox0-3,4-dibhydroguinazoline-S-carhonitriie
Fo N 3
Sy e & {S)-enantiomer
{:\} w \»"’{'"\" by {Rrenantiomer
Hi e NQ}( N,
) Bt
N
Nita
A{ovel oﬂmpy‘:-( ~dtarnino-3-cyanepyrinidin-doyDamineimettiyl 8-
Fuore-d-ogo-3 g*ehe*wi 3 A-dibydroguinazoline-$-carbonitrile
& {(N-enantiomer
8. b {(Ri-enantiomer
F 3-{S-chiloro-3-03, S-difhuorophenyld-oxo-3 4-dbvdrogquinazolin-2-yHa-
l {2 6Haminp-S-cyanopyrimidin-d-yHamino}- N, N-dimethylpropanamide
:;as g::} - \\\}\:
! ﬁ a: {Sp-enantiomer
P VR B {R}-enantiomer
2, ‘
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Strocture Name
A I{3-chloro-4-oxo-3-phenyt-3 d-ihydeoguinazolin-2-viR3-4(2 6-Mamino-5-
/“ cyanopyrimidin-4-yhmino N N-dimethyipropanamide
\.\,.;‘;
| a: {S}-enantiomer
- ~ N{} '\\.‘/ \T{f M. b {R}-enantiomer
Mo \\\’;’NT VNHQ
gt
- \\»2:\} y
NHy
F 2 d-diamine-5-({{3-3-cyano-3-fuotopheny-3-methyl4-oro-3 &
; dihydroguinazelin-2-yh{cyclopropylimethyDemino pyrimidine-5-
carboniirile

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

-
34

2 4-damine-6-{{cyclopropy{3-03.5-diuorophenyli-S-methylb-deona-3
dihydroguinazoin-ZoyhmethyDaminoipyrimidine-S~carbonitrile

& {S)-enantiomer
b {R}-enantiomer

12
2 4-dlamino-6-{{({S-chloro-3-(3 3-diffuorophenyii-d-oxo-3,4-
dihydroquinazolin-Z-yh{cyclopropylimethyllamine)pyrimidine-5-
carbonitrile
a: {Sicnantiomer

" b {Rl-enantiomer
2 A-dlamino-6-({cyclopropyl(3-(3, 5-difluorophenyt-S-fuorg-d-oxo-3, 4
dibydroguinazolin-Z-ymethyliaminapyrimidine-5-carbonbirils
a: (S}-enantiomer
b (Ry-enantomer

14,
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Structure

Name

2 d-dimmino-S-{{cyclopropyl{ -Buore-3-(3Suorophenyl d-oxod A
dikydroguinasolin-Z-yDmethyhamine)pyrimidine-S-carhonitrile

A {Srenantiomer
b (R -enantiomer

N e ,’-\
i} j N
'\\.::«’;‘1 o AN et

L 4-dlanipo-S-{oylopropyi{é-fhore-3-(A-fuorophenyii-d-oxod 4
dibydroguinazolin-2-vDimethyllarinepyrimidine S-carhonitrile

a: {Senantiomer
be {(Ry-enantiomer

_'_::-_:/"" \fN
N
BH
2 d-diamino-S-{{eyoiopropyli 3-(3-Huorophenyli-S{methylsulfony
3 A-dihydroquinaeclin-2-ylmethyDamino)pyrimidine-S-carhons
ar {S)}-enantiomer
, &1 and -2 atropisomers
. b {R}-enawtiomer
HNL N NHL {Ry-enantiom

b1 and b2: atropisomers

L T{{5-poetyl- S-daminopyrimidin-dahandno jethy] -5 -chiloro

diflaorophonyilgninazolin-4(3Hone

2 {S)-enantiomer
b (Rj-enantiomer




WO 2015/200352 PCT/US2015/037234

DI Provided are also compounds described herein or pharmacenti cally acceptable
salts, isomer, ot 8 mixture thereof, in which from 1 to n hydrogen atoms aftached to a carhon
atom may be replaced by & dewterfum atom or I, tn which n is the number of hydrogen atoms
in the molecule. As known in the art, the deuterium atom is a non-radioactive isotope of the
hydrogen stom, Such compounds may Increase resistance to metabolam, and thus may be
useful for increasing the halfllife of the compounnds deseribed herein or pharmacentically
acceptable salts, isomer, or & mixture thereof when administered to a mammal, See, e g,
Foster, “Denterium Isotope Fffects in Studies of Drug Metabolism”, Trends Phasmacol. Sl
S{12):524-527 (1984). Such compounds are synthesized by means well known in the art, for
example by employving starting materials in which one or more hiydrogen atoms have been

replaced by devtenum.

[980184]  Provided are also pharmaceutically acceptable salts, hydrales, solvates, tautomeric
forms, polymorphs, and prodrugs of the compounds deseribed herein, “Pharmaceutically
acceptable” or “physiologically acceptable” refer fo compounds, salis, compositions, dosage
Somas and other materials which arve usefil in preparing a pharmacentical composition that is
suitable for veterinary or human pharmaceutical use. “Pharmaceutically acceptable salts” or
“shysiologically acceptable salts” include, for example, salts with inorganic acids and salts
vith an organic acid, In addition, if the compounds desoribed herein are ohtained as an acid
addition salt, the free base can be obtained by basifying a solution of the acid salt.
Conversely, if the product is a free base, an addition salt, particularly a pharmaceutically
acoeptable addition salt, may be produced by dissolving the free base in 2 suitable organic
solvent and freating the sohution with an acid, in accordance with conventional procedures for
preparing acid addition salts from base eomponnds, Those skilled in the art will recognize
various synthetic methodologies that may be used to prepare nontoxic pharmaceutically

acceptable addition salts,

01851 A “solvate” 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

described hereln are also provided.

(061081 A “prodmyg” includes any compound that becomes a compourd deseribed herein

when administered to a subject, e.g., upon metabolic procsssing of the prodrug.
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{0187} In certain embodiments, provided are optical isomers, racemates, or other
wixtures thereof of the compounds described herein or pharmacentioally accepiable salis or a
mixture thereof. In those situations, the single enantiomer or diastereomer, Le., optically
active form, can be obtained by asymmmetric synthesis or by resolution of the racemate.
Resclution of racemates can be accomplished, for example, by conventional methods such ag
erystallization in the presence of a resolving agent, or chromatography, using, for sxample a
chiral high pressure Hguid chromatography (HPLC) column. In addition, provided are also 2-
and E- forms {or ofs~ and frens- forms) of the compounds doseribed Rerein with carbone
carbon double bonds. Provided are also all tautomeric forms of the compounds of formula

described hersin,

{NSINY Compositions provided herein that include a compound described herain or
pharmacentically acceptable salts, isomer, or a mixture thereof may tnolude racemic
mixtures, or mixtures containing an enantiomeric excess of one enantiomer or single
diastereomers or diastorcomeric mixtures. Al such isomeric forms of thess compoukds are
expressly included herein the same as if each and overy isomerie form were specifically and

individoally Hsted,

{08109 In certain embodiments, provided herein are also ervstalline and amarphous forms
of the compounds described herein or pharmacentically accepiable salts, isomer, or 2 mixture

thersot,

{01 In certain embodiments, provided are also chelates, non-covalent complexes, and
mixtures thereof, of the compounds deseribed herein or pharmacentically acceplable salts,
isomer, or a mixtuee thereof. A “chelate” is formed by the coordination of a componnd to a
metal ion at twe {or more) polnts. A “non-covalent complex” is formed by the interaction of
a componnd and ancther molecule wherein a covalent bond is not formed between the
compound and the molecule. For example, complexation can ocour through van der Waals

interactions, hydrogen bonding, and electrostatic interactions (alse called ionie honding].

Therapeutic Uses of the Commounds

FORI] The compounds deseribed herein or pharmacentically acoeptable salts, isomer, or

a mixture thereof may be used for the treatment of diseases andfor conditions mediated by
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including the methods desoribed in the Examples below. In some embodiments, the activity
in the cellular assay is less than 10 oM, 9 oM, & oM, 7 oM, 6 nd, 5 aM, 4 nM, 3 nb, 2 nM,
1M, 0.1 1, or D.01 nML For example, cerfain compounds may have selectivity to at Jeast
one PIIK isoform, incloding PISKS, and have hepatocyte stability based on a halb-life of

S

greater than 3 hours. As used herein, the term “potency,” “sotent,” or variants thereof refer
to a compound exhibiting an IWso value that is less than 100 oMl When cotoparing two
compounds, the compound that exhibits & lower 105 value is referred to as a more potent

inhibitor.

190116]  “Treatment” or “treating” is an approach for oblaining beneficial or desived resolts
including clinical results. Beneficial or desived clinical results may inchude one or more of
the Bllowing a) inhibiting the disease or condition {e.g., decreasing one ot more symptoms
resulting from the disease or condition, snd/er diminishing the extent of the discsse or
conditiony: b} slowing or arvesting the development of one or more clinical symptoms
associated with the disease or condition {e.g., stabilizing the disease or condition, preventing
or delaving the worsening or progression of the disease or condition, and/or preventing or
delaving the spread {e.g., metasiasis} of the dissase or condition); andfor ) relioving the
hisease, that is, causing the regression of clinieal symptoms {e.g., smeliorating the disease
state, providing partial or total remission of the disease or condition, enhancing effect of
another medication, delaving the progression of the disease, increasing the quality of life,

and/or prolonging survival,

IHOIE7 “Prevention” or “preveniing” means any treatment of a disease or condition that
causes the clinteal svmptoms of the disease or condition not to develop, Compounds may, in
some embodiments, be administered to a subject (inchading » human) who is at visk or has a

family history of the disease or condition.

IB0TIR]  “Subject” vefers to an animal, such a8 a mammal {Including a human), that has
been or will be the object of treatment, observation or experiment, The methods described
herein may be usefid in human therapy and/or veterinary applications. In some curbodiments,
the subject is a mammal. In one embodimnent, the subject s 2 human, “Human in nsed
thereof” refars fo a human who may have or is suspect to have diseases, or disorders, or
conditions that would benefit from certain treatment; for example, being treated with the

PI3K inhibitor of the compounds according to the present application. In certain
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embodiments, the subject may be a human who (i} has not received any freatment including
chemotherapy breatment, (if) is substantially refractory to af least one chemotherapy
treatrment, (11} is in relapse after treatment with chomotherapy, or both (i) and (). In some of
embodiments, the subject is refractory to at least one, at least two, at least three, or at least

towr chemotherapy treatments (including sfandard or experimental chemotherapies).

! The teom “therapeutically effective amount” or “effective amount” of a compound
described herein or pharmaceutically acceptable salls, isomer, or a mixture thereof means an
amount sufficient to effect treatment when administered to a subject, to provide a therapsutic
benefit such as amelioration of symptoms or slowing of disease progression. For example, a
therapentically effective amount may be an amount sufficient to decresse a symaptom of a
disease or condition responsive to inhibition of PI3KS activity, The therapeutically effective
amount may vary depending on the sobject, and disease or condition being treated, the weight
and age of the subject, the severity of the disease or condition, and the manner of

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

{8128 The term “inhibition” indicates a decrease in the baseline activity of a biological
activity or process. “Inhibition of activity of PI3K {soforms” or variants thereof refer to
decrease in activity in any PI3K isoform {e.g., alpha, bets, gammma, or delia) as & divect or
indirect response to the presence of a corapound of the present application relative to the
activity of PI3K isoform in the absence of the compound of the present application.
“inhibition of PI3KS activity” or variants thereof refer 1o a decrease in PI3KS activity as o
direct or indivect response fo the presence of a compound described herein relative to the
activity of PI3KS in the absence of the compound described herein. In some embodiments,
the inhibition of PI3KS activity may be compared in the same subiect prior to treatment, or

other subjects not receiving the freatment.

86138 Withoot wishing to be bound to any theory, the decrease in PI3KS activity may be
due to the direct interaction of the compound with PI3KS, or due to the interaction of the
compounds described herein with one or more other factors that in tun affect PI3KS activity,
For example, the presence of the compounds of any of the foregoing formulae may decrease
PIIKS activity by divectly binding to the PIKS, by cansing {divectly or indirectly} another
factor {0 decrease PI3KS activity, or by (directly or indirectly) decreasing the amount of

PI3KS present in the cell or organdsm.
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{0123]  The terms “PIRK isoform selective inhibitor™ generally refers to a compound that
inhibits the activity of one or more PI3K {soforms more effectively than the other remaining
PI3K isoforms. By way of example, the term “PIIKS selective fnhibitor” generally refers to a
compound that inhibits the activity of the PI3KS isoform more effsctively than other isoforms
of the PI3K family {e.g., P3K g, B, or v1. The term “PI3Ka selective inhibitor” generally
refers to & compound that inhibits the activity of the PIKx isoform more effectively than
other isoforms of the PIIK family {eg., FI3K B, §, or v}, The term “PI3KR selective
whibitor” generally refers to a compound that inhibits the activity of the PI3IKS isoform more
effectively than other iseforms of the PI3K family {fe.g, PI3X &, §, or v). The term “dual
FE3Ko/f selective inhibitor generally refors to a compound that inhibits the activity of the
Pi3Kg and PI3KP isoforms more effectively than other isoforms of the PI3K fimily (eg.,
PI3K & ory)

{01231 The relative efficacies of compounds as inhibitors of an enzyme activity {or other
biological activity} can be established by determining the concentrations at which sach
corpound inhibity 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 PIIK isoforms can be
measured by the concentration that inhibits 30% of the activity in a biochemical assay, i.e,
the 509 inhibitory concentration or “ICs”. ICs determinations can be accomplished using
conventional techniques known in the art, including the techniques describes in the Examples
below. In general, an ICs can be determined by measuring the activity of a given engyme in
the presence of & range of concentrations of the compound under study. The experimentally
obtained values of enzyme activity may then be plotted against the compound concentrations
used. The concentration of the inhibitor that shows 5056 enzyme activity {as compared 1o the
activity in the absence of any inhibitor) is taken as the ICs valve. Analogously, other
inhibitory concentrations can be defined through appropriate determinations of activity, For
example, in some setlings it may be desirable to establish a 90% inhibitory concentration, ie.,

sy

{BEI24]  In one embodiment, a PI3KS sclective inhibitor is a compound that exhibite a 50%
inhibitory concentration {0so} with respect to PI3KS that is at least 10-fbld, in another aspeat
at least 20-fold, and in another aspect at least 30-fold, fower than the I value with vespect

to any or all of the other Clags I PIIK family members, In another embodiment, 8 PRIKS
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selective inhibitor is a compound that exhibits an 1Cs; with respect to PIAKS that is at least
30-fold, in another aspect at least 100-fold, in an additional aspect at least 200-fold, and in
vet another aspect at least 300-fold, lower than the ICs with respect to any or all of the other
FI3K Class | family members. A PI3IKS selective inhibitor is typically administered in an

amount such that it selectively inhibits PI3KS activity, as described above.

IBORIFY  In one embodiment, a PI3Kx selective inhibitor is 2 compound that exhibits a 50%
inhibitory concentration (ICsp} with respect to FIIKH that s at least 10-fold, in another aspect
at least 20-fold, and in avother aspeot at least 30-fold, lower than the 105 value with respect
to any or all of the other Class 1 PIIK famtly members, In another embodiment, a PI3Kg
selective inhibitor is & compound that exhibits an ICs, with respect to PI3K g that is at least
SO-fold, in another aspect at least 100-fold, in an additional aspect at least 200-fld, and in
yet another aspect at least S00-fold, lower than the ICse with respect to any or all of the other
PI3K Class I family members. A PI3Ke seloctive inhibitor is typically administersd in an

amount such that it selectively inhibits PI3K g activity, as doseribed above

{0138] v one embodiment, a PI3KB selective inhibitor is a compound that exhibits a 50%
inhibitory concentration (ICs) with respect to PI3KS that is at least 10-fold, in another aspect
at least 20-fold, and in another aspect at least 30-fold, lower than the ICs value with respect
to any or all of the other Class I PI3K family members, Tn another embodiment, a PRRKS
selective inhibitor is & compound that exhibits an ICse with respect to PIRKS that is at least
30-fold, in another aspect at lsast 100-fold, in an additional aspect at least 200-fold, and in
yet another aspect at lsast S00-fold, lower than the ICs with respect to any or all of the other
PI3K (lass I faroily members. A PI3K selective inhibitor is typically administered in an

amount such that it selectively lnhibits PI3KE activity, as described above.,

{H0I27]  The methods deseribed herein may be applied to cell populations in vive or ex
vive. “in vive” means within a living tndividual, as within an animal or buman, In this
cortext, the methods described herein may be used therapeutically in an individual, “Ex wve”
means outside of a living individual. Examples of ex vive cell populations include in vitro oell
cultures and biological samples including foid or tssue samples obiained from individuals,
Such samples may be obtained by methods well known in the art. Exemplary biological fluid
samples include blood, cersbrospinal fluid, wine, and saliva, Exemplary tissue samples

inchade tamors and Mopsies theveof. In this context, the invention may be used for a varisty
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of purposes, including therapeutic and experimental purposes. For example, the invention
may be used ex vive to determine the optimal schedule and/or dosing of administration of a
PI3K3 selective inhibitor for 2 given indication, cell type, individual, and other parameters.
Information gleaned from such use may be wsed for experimental purposes or in the clinic to
set protocols for fn vive treatment. Other ex vive uses for which the invention may be suited
are described below or will become apparent to those skilled in the art. The selected
compounds may be finther characterized to exandne the safety or tolerance dosage in human
or non-human sabjects. Such properies may be examined using commeonly known methods

1o those skilled in the st

{B0138]  Compared to other PI3K {sofbrms, PI3KS is generally expressed in hematopoietic
cells. Conseguently, the diveet effects of selective inhibitors of PIIKS can be ohserved in
hematopoietic cells, Hematopoietio cells typically differentiate into sither iymphoid
progendtor cells or myeloid progenttor cells, both of which ultiuately differentiate inte
various mature cell types including lenkooyies. Aberrant proliferation of hematopoietic cells
of one type often interferes with the production or survival of other hematopoietic eell fypes,
which can result in compromised immuudty, anemia, and/or thrombocytopenia. The methods
desoribed herein roay treat aberrant proliferation of hematopoietic cells by inhibiting aberrant
profiferation of hematopoietic cells. As a result, these methods may alse ameliorate the
symptoms and secondary conditions that resull from a primary effect such as excessive

system or localized levels of lewkooytes or lvinphooytes.

100139 In some ewbodiments, the compounds described herein may be wsed to treat
subjects having various dissase states, disorders, and conditions (also collectively referred to
as “indications”) involving aberrant proliferation of hematopoietic cells fingl uding excessive
production of lymphoid propenitor cell-derived cells and/or myeloid progenitor celi-derived
cells). Such indications may include, for example, loukemiss, ymphomas,
myeloproiiferative disorders, myelodysplastic syndromes, and plasma cell neoplasres, In
certain embodiments, the compounds desoribed herein rmay be used to treat hematologic
matignancies, inflammation, autolmmune disorders, allergic conditions, cardiovascular
disease, and autoinumune diseases. In cerlain embodiments, allergic conditions may include

all forms of hypersensitivity.

&l
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{60138]  In other embodiments, the compounds deseribed hersin may be used to treat
cancers that are mediated by, dependent on or associated with FIAK activity, such as PI3K8
activity. In cortain embodiments, the disease is 8 hematologic malignancy. In certain
embodiments, the disease is lymphoma, multiple mysloma, or leukemia. In particular
embodiments, the hematologic malignancy is lenkemia or lvinphoma. In specific
embodiments, the disease is acute Iymphooytic lovkemia (ALL), acute myeloid levkemia
{AML}, chronic lymphocytic leukemia (CLL), small tvmphooytic fymphoma {(SLLY,
myslodysplastic syndromes (MIIS), myeloprotiferative disease (MPD), chronie myveloid
leukermia (CML), fuvenile myelomonooytic leukemia (FMML), m ultiple myeloma (MM),
Hodgkin lymphoma, indolent non-Hodgkin's lymphoma (INHL), refractory INHL, nop-
Hodgkin's lymphoma (NHL), mantle cell lymphoma (MCL), follicular lymphoma,
Waldestrom’s macroglobulinermia (WM}, minimal residual disesse (MRD), T-cell
lymphoma, Becell lymphoma, diffuse large B-cell lymphoma {BLBCL), Tecell acute
lymphoblastic leukemia (T-ALL), B-cell acute lymphoblastic leukemia {B-ALL),
lymphoplasmacytic lymphoma, marginal zone lyrophoma, or Rurkit ymphoma, Inone
embodiment, the disease is Tecell acute lymphoblastic leukemia {T-ALL}, or B-cell acute
Iymphoblastic leukemia (B-ALL). It should be understood that the non-Hod gkin lymphoma
may, in cerfain embodiments, encompass the indolent Brcell diseases that mchade, for
example, follicular Iymphoma, Iymphoplasmacytic Iyraphoma, Waldenstrom
macroglobulinemia, and marginal zone lymphoma, as well as the aggressive Iymphomas that
include, for example, Burkitt lymphoma, diffuse targe B-cell lymphoma {DLBRCL) and

manile cell bymphoma (MCLY

{3 Inother embodiments, the disease is a solid fumor. In particular embodiments, the
solid fumor is from pancreatio cancer, bladder cancer, colorectal eancer, broast CARCET,
prostate cancer, renal cancer, hepatocelhular cancer, lung cancer, ovarian cancer, cervical
cancet, gastric cancer, esophagenl cancer, head and neck cancer, melanoma, neuroendocrine
cancers, NS cancers, brain tamors {e.g,, glioma, anaplastic oligodendrogioma, adult
glioblastoma multiforme, and adull anaplastic astrocytomal, bone cancer, or sof! tssue
sarcorna. In some embodiments, the solid tumor 18 fom non-small cell hung cancer, sraall-
cell hung cancer, colon cancer, CNS cancer, melanoma, ovarian cancer, renal cancer, prostate

cancer, or breast cancer.
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06132 In some embodiments, the dizease {s an avtoimnune disease. In particular
embodiments, the sutohmmune disease is systemic fupus erythematosus {SLE}, myestenia
gravis, theumatotd artheitls (RA), acute disseminated encephalomyslitis, idiopathic
frombocytopenic purpura, multiple sclerosis (M8}, psoriasis, Sjoegren’s syndrome,
psoriasts, autoimmune hemolytic anemia, asthma, or chronic obstructive pulmonary disease
{COPDY. In other embodiments, the discase ts inflaamation, In yet other embodiments, the
disease 18 exosssive or destructive immune reactions, such as asthma, theumatoid artheitls,

multiple sclerosis, chronie obstructive pulmonary disease (COPD), and lupus.

061331 Provided is 2 method for freating a subject, who has or is suspected of having &
disease or condition responsive or believed to be responsive 1o the Inhibition of PI3K3
activity by administering 1o the subject the compound described herein or pharmacentically
acceptable salts, lsomer, or a mixtare thereof. Provided is also a method of inhibiting kinase
activity of a phosphatidvlinositol 3-kinase delta polypeptide by contacting the polypeptide
with the compound described herein or pharmaceutically acceptable salts, isomer, ora
mixtuce thereof, Provided is also a method of disrupting leukoeyte function comprising
contacting the lenkocytes with an effective amount of a compound described heredn or
sharmacentically acceptable salts, isomer, or & mixture thereof in 2 sabject in need thereof
{e.g., a uman), Provided is also a method of inhibiting & growth or a proliferation of cancer
cells of hematopotetic origin comprising contacting the cancer cells with an effective amount
of a compound deseribed herein or pharmaceutically acceptable salts, isomer, ot 2 mixtuce

thereot.

Combination Theranies

861341 The compounds according fo the present application may be used in combination
with one or more additional therapentic agents. The therapeutic agents way be in the forms
of compounds, antibodies, polypeptides, or polynocleotides. The thevapeutic agent mnchudes,
but is not lmited to, 8 chemotherapentic agent, an immunotherapeulic agent, &
radiotherapeutic agent, an anti-neoplastic agent, an anti-cancer agend, an anti-profiferation
asgent, an ant-Shrotic agent, an antl-anglogenic agent, a therapentic antibody, or any
combination thereof. In one embodiment, the application provides a product comprising 2

compound deseribed herein and an additional therapeutic agent as a combined preparation for

fay
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simnultansous, separate or sequential use in therapy, e a method of reating a disease,

g

gisorder, or condition that is mediated by PI3K {soforms.

{BH135]  Iv one embodiment, the componnds of the present application may be used in
combrination with one or more additional therapeutic agent that are being used and/or
developed fo treat cancers or inflammatory disorders. The one or more additional therapeutic
agent may be an inhibitor to PI3K such as PI3KYy, PIKE, andfor PI3K e, Janus kinase (JAK)
such as JAKL, JAKD andfor JAK3 | spleen tyrosine kinase {SYK), Bruton’s tyrosine kinase
{BTK), bromodomain containing protein inhibitor (BRI such as BRD4, a bysyl oxidage
protein (LOX), lysyl oxidase-like protein (LOXL) such as LOXLI-S, matrix metalioprofesse
{MME} such as MMP 1-10, adenosine AZE receptor {A2R), isocitrate dehydrogenase {TDH)
such as IDH1, apopiosis signal-regulating kinase {ASK) such as ASK 1, serine/threonine
kinase TPLZ, discoidin domain receptor {DDR) such as DDR1 and DDR?, histone

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

{0136]  Une, two, three, or more of the therapeutic agents (e.g. a PD3X inhibitor, 2 JAX
inhibitor, a SYK inhibitor, 2 BTX inhibitor, 2 BRD4 inhibitor, s LOXL2 inhibitor, a MMPS
inhibitor, a A28 inhibitor, an IDH inhibitor, an ASK inhibiter, a TPL2 inhibitor, 2 DDR
inhibitor, a TR inhibiter, 8 HDAC inhibitor, a PKC inkibitor) may be futher used or
corabined with a chemotherapeutic agent, an imvmmotherapeutic agent, a radiotherapeutic
agent, an anti-neoplastic agent, an anti-cancer agent, an anti-fbrotic agent, an anti~-angiogonic

agent, a therapeutic antibody, or any combination thereof,

[BGI3T]  Also, the therapeutic agents may be those that inhibit or modulats the activities of
Bruton’s tyrosine Kinase, spleen tyrosine kinase, apoptosis signal-regulating kinase, Janus
kinase, lysyl oxidase, lysyl oxidase-like proteing, matrix metallopeptidase, bromodomain-
containing protein, adenosine A2B receptor, isocitrate debydrogenase, serins/threoning
kinase TPL2, discoidin domain recepior, serine/threonine-protein kinases, IKK, MEEK,
EGFER, histone deacetylase, protein kinase C, or any combination thereof. In certain
embodiments, the therapeutic agent may be selected from a PIK {including PI3Ky, PIIKSE,
PFIIKE, PI3K g, anddor pan-PI3K) inhibitor, a JAK (Janus kinase, mclading JAKLTAKR,
andbor JAKS) inhibitor, a SYK (spleen tyrosine kinase) inhibitor, a RTK (Bruton’s fyrosine

kinase} inhibitor, an AZB (adenosine AZB receptor) inhibitor, an ACK (activated ODC
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kinase, inclading ACK1} inkibitor, an ASK (apoptosis signal-regulating kinase, including
ABK1}) inhibitor, Auroa kinase, a BRI (bromodomain-containing protein, including BRIDM)
inhibitor, a Bel (B-cell CLLAymphoma, including Bel-1 andfor Bel-2) inhibitor, a CAK
(UK -activating kinase) inhibitor, 2 CaMK {(calmodulin-dependent protein kinases) inhibitor,
a COK {cyclin-dependent Kinases, inchading DK, 2, 3, 4, and/or &) inhibitor, 8 CK {casein
kinase, mclading CK1 and/or CK2) inhibitor, 2 DDR (discoidin domain receptor, including
DIRT and/or DDR2) inhibitor, 8 BOFR inhibitor, a FXR {faresoid x receptor) inhibitor, a
FAK (focal adhesion kinase) inhibitor, s GSK {glycopen synthase kinase) inhibitor, a HDAC
{histone deacetylase} inhibitor, an DO (indoleamine 2,3-dioxygenase) inhibitor, an IDH
{izsociirate dehydrogenase, including TDH1) inhibitor, an KX (-Kappa-B kinase) inhibitor, a
KDMS (lysine demethylase} inhibitor, a LOK (ymphocyte-specific protein tyrosine kinase)
inhibitor, a LOX (ysy! oxidase) inhibitor, 8 LOXL (lysyl oxidase like protein, including
LOXKLL, LOXL2, LOXLE, LOXE4, and/or LOXLS) inhibitor, a MTH (mut T homelog)
inhibitor, a MEK {mitogen-activated protein kinase kinase) inhibitor, 2 matrix
metalioprotease (MMP, incloding MMP2 and/or MMPO) inhibitor, 2 mitogen-activated
profein kinases (MAPK) inhibitor, a PIM {programmed csll death protein 1) inhibitor, & PD-
L1 {programmed death-ligand 1) inhibitor, a PDGF {(platelet-derived growth factor) inhibitor,
a phosphorylase kinase (PK} inhibitor, a PLK (polo-like kinase, including PLK1, 2, 3
inhibitor, a protein kivase (PX, including protein kinase A, B, C) inhibitor, a STK
{serine/threonine kinase) inhibitor, & STAT (signal transduction and transeription inhibitor, a
serine/threonine-protein kinase inhibitor, a TBK {(tank-binding kinase} inhibitor, a TLR (toli-
like receptor modulators, inchuding TLR-1, TLR-2, TLR-3, TLR-4, TLR-5, TLR-6, TLR.7,
TLR-E, TLR-S, TLR-10, TLR-11, TLR-12, and/or TLR-13) inhibitor, & TK {tyrosine kinase}
inhibitor, a TPLZ (serine/threonine kinase) inhibitor, a NEKO inhibitor, an Abl intibitor, a
P38 kinase inhibitor, a PYK inhibitor, a PYK inhibitor, a o-Kit inhibitor, 8 NPM-ALK
inhibitor, a Fit-3 inhibitor, a o-Met inhibitor, 8 KDR inhibitor, 2 TIE-2 inhibitor, a8 VEGFR
inhibitor, 2 SRC inhibitor, s HOK inhibitor, 8 LYN inhibitor, a FYN inhibitor, a YES
inhibitor, a chemotherapentic agent, an inununotherapeutic agent, a radiotherapautic agent, an
anti-neoplastic agent, an anti-cancer agent, an anti-proliferation agent, an anti-Hhrotic agent,
an anti-angiogenic agent, & therapeutic antibody, or any combination thereof In some
embodiments, the JAK inhibitor is N-{oyanomethyl}-4-[2-{d-morpholincaniline lpyrimidin-4-

Aibenzamide as named by ChemDraw (may also be referred to as CYTO387 or momelotinib
¥ N 3
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and may be synthesized by the methods deseribed in 118, Patent No. 8,486,941, In certain
embodiment, the SyK inhibitor is 6-{ {H-indazolb-6-y1-N-{4-morpholinophenyDimidaze] 1,2~
ajpyragio-8-amine as named by ChemDraw (may also be referred to as 6-(1H-ndazol-6-y1-
N-[4-{morpholin-4-yliphenylfimidazof |, 2-alpyracin-8-amine} and may be synthesized by the
methods described in ULS. Patent No. 8,450,321, In other embodiments, the BT inhibitor ix
{5 3-G-amine-9-(1-{but-2-ynoyhipyrrolidin-3-y1 - 7-{4-phenoxyphenyD- TH-purin-8(9H -one as
named by Chemlvaw (may also be S-amine-8-{ 3R} 1-{2-butynovi-3 ~pyrvolidingd - 7-{4-

henoxypheny-7 B-dibydro-8H -purin-8-one) and may be synthesized by the methods in
& ypieny 3 P . ¥ 3 3
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[00138]  Chemotherapeutic agents may be categorized by their mechanism of action info,
for example, the following groups: anti-metabolites/anti-cancer agents, such as pyrimidine
anslogs (Hoxuridin, capecitabine, and cytarabine); purine analogs, folate antagonists and
related ivhibitors, antiproliferative/antimitotic agents including natural products such as vines
alkaloid (vinblastine, vincristine} and microtubule such as taxane (paclitaxel, docetaxel,
vinblastin, socodazole, epothilones and savelbine, epidipodophyllotoxins {etoposide,
teniposide); DNA darsaging agents (actinomycin, amsacrine, busalfan, carboplatin,
chlorambuctl, cisplatin, cyclophosphamids, Cytoxan, dactinomycin, daunorubicin,
doxorubicin, epirubicin, iphosphamide, melphalan, merchlorehtamine, mitomysin,
mitexanivons, nitrosoures, procarbazine, taxol, taxotere, toniposide, stoposide,
tristhylensthiophosphoramidel; antiblotios such as dactinomycin (actinomyein D),
daunorubicin, doxorubicin {adriamyein}, idarubicin, antbracyclines, mitogantrone,
bleomyeins, plicamyein (mithramycin) and mitomyein; enzymes {L-ssparaginase which
systemically metabolizes L-asparagine and deprives cells which do not have the capacity to

synthesize their own asparagine); antiplatelet agents; antiproliferative/ antimitotic atkylating

agents such as nitrogen mustards cyclophosphamide and analogs, melphalan, chiorambucil),
and (hexamethylmelamine and thiotepa}, alky! nitrosowreas (BONU) and analogs,
streptozocing, trazenes-dacarbazinine {DTIC); antiproliferative/antimitotic antimetabolites
such as folic acid analogs (methotrexate); platinum coordination complexes {clsplatin,
oxiloplatinim, carboplatin), procarbazine, hydroxyursa, mitotane, aminogluterhimide;
hormaones, hormone analogs (estrogen, tamoxifen, goserelin, beatutamide, nilutantide} and
aromatase inhibitors (letrozole, anastrozole); anticoagulants (heparin, synthetic heparin salts

and other inhibitors of thrombin); fbrinolytic agents {(such as tissue plasminogen activator,

65
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streptokinase and urokinase}, aspirin, dipyvidamole, ticlopidine, clopidogrel; antimipratory
agents; antisecretory agents {brevelding, immunosuppressives tacrolimus sirolimus
azathioprine, mycophenolate; compounds {TNP-470, genisiein) and growth factor inhibitors
{vascular endothelial growth factor inhibitors, fibroblast growth factor inhibitors);
angiotensin receptor blocker, nitric oxide donors; anti-sense oligonucieotides: antibodies
{trastuzumab, rittximab}; cell ovele inhibitors and differentiation inducers {tretinein};
inhiibitors, fopoisomerase inhibitors {doxorubicin {adriamyein), deunorubicin, dactinomyein,
eniposide, epirubicin, stoposide, idarabicin, irinotecan and mitoxantrone, topotecan,
rinotecan, camplothesing, corticosteroids (cortisone, dexamethasone, hydrocortisons,
methylpednisolone, prednisone, and prenisolonel; growth factor signal transduction kinase
inhibitors; dysfimetion inducers, toxins such as Cholera toxin, ricin, Pseudomonas exotoxin,
Bordetella pertussis adenylate cyelase toxin, or diphtheria toxin, and caspase activators; and

chromatin,

(PE135]  As used herein the term "chemotherapeutic agent” or "chemotherapeutic” {or
“chemotherapy,” in the case of treatment with a chemotherapeutic agent} is meant to
LNEGIPass any non-proteinacecus (Lo, non-peptidic) chemdeal compound useful in the
treatment of cancer, Examples of chemotherapentic agents Include alleylating agents such as
thistepa and eyclophosphamide (CYTOX AN}, alkyl sotfonates such as busudfan, improsuifan
and piposulfan; aziridines such as benzodops, carboguone, metwedopa, and uredopa;
emylerumines and memylamelamines including alfretamine, triemylenemelamine,
iriethylenephosphoramide, tristhylenethiophosphoramide and trimemylolomelamine;
acefogening {especially bullatacin and bullatacinoene}; a campiothecin (including synthetic
snalogue topotecan); bryostativy callystating CC-1085 (inchuding its adozelesin, carzelesin
and bizelesin synthetic analogues); cryptophyeins {articularly cryptophvein 1 and
cryptophyein 8); dolastating duocarmyein (including the synthetic analogues, KW-218% and
CBITMI), eleutherobin; paneratistating a sarcodictyin; spongistating nitrogen mustards such
as chlorambuctl, chlomaphazine, cholophosphamide, estramustine, ifbsfamide,
mechiorethamine, mechlorethamine oxide hydrochloride, melphalan, novembichin,
phenesterine, prednimustine, trofosfamide, uraci] mustard; nitrosouress such as carmustine,
chlorozotocin, foremustine, lomustine, nimustine, raninustine: antihiotics such as the
enediyne antibiotics (e.g., calicheamicly, especially calicheamicin gamesall and

calicheamicin phill, see, e.g., Agnew, Chem. Intl. Bd. Engl, 33:183-186 {1994} dynenticin,

&6
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including dynemicin A; bisphosphonates, such as clodronate; an esperamiein; as well as
neocarzinostatin chromophore and related chromoprotein enediyne antibiotic
chromomophores), aclacinemysing actinomyein, suthrammyein, azasering, bleomyeing,
cactinomycin, carabicin, carminomyein, carzinophilin, chromoenyeing, dactinomyein,
daunorubicin, detorubicin, 6-diazo-S-oxo-L-norleucine, doxorubicin (including morpholing-
doxorubicin, eyancmorpholino-doxorubiein, 2-pyrrolino-doxorubicin and deoxydoxerubicin),
epirubicin, esorubicin, idarubicin, marceliomyeln, mitomyeins such as mitomyein O,
mycophenolie acid, nogalamyein, olivomycing, peplomyein, potfiromyein, p BYOMYCin,
quelamycin, rodorubicin, streplonigrin, strepiorocin, tubercidin, vhenimex, zinostatin,
zorubicing anti-metabolites such as methotrexate and S-fluoroaracit (§-FU; folie and
analogues such as demopterin, methotrexats, preropterin, trimetrexate; purine analogs such as
fludarabine, S-mercaptopurine, thismiprine, thiognanine: pyrimidine analogoes such as
ancitabine, azacitidine, G-arauridine, carmofur, cytarabing, dideoxyuridine, doxifluridine,
enocitahine, foxuridine: androgens such as calusterone, dromostancloune proplonate,
epitiostanol, mepitiostane, testolactone; anti-adrenals such as sminoghiethimide, mitotane,
irilostane; folic acid replinisher such as frolinic acid; aceglatone; aldophosphamide glycoside;
arninolevulinic acid: eniluracil; amsacrine; hestrabuctl; bisantrone; edatraxate; defofamine;
demecoloine; diariquone; elformihine; elliptintum acetate; an epothilons; stoglucid; galiium
witrate; hydroxyures; lentinan; Jeucovorin; lonidamine maytansinoids such as maylansine
and ansamitocing mitoguazone; mitoxanirone; mopidamol; nitracrine; pentostating phenamet;
pirarubicin; losoxantrone; Suoropyrimidine; folinic acid; podophyilinic acid; 2-
ethythydrazide; procarbazine; PSK(rh razoxane; thizoxin; sizofiran spvogenmanium;
teruazoric actd; friaziquone; 2,32 -wicUorotriemylamine; trichothecenes {especially T-2
toxin, verracurin A, roridin A and anguidine); urcthane; vindesing dacarbazine;
mannomusting, mitobroniiol; mitolactol; pipobroman; gacytosive; arabinesids ("Ara-C")
evclophosphamide; thiopeta; taxolds, o.g., pactitaxel {TAXOL{r} and docetaxel
{TAXOTERE()) chlorambueil; gemeitabine (Gemzar(r}); 6-thioguanine; mercaptopuring;
methotrexate; platinum analogs such as cisplatin and carboplating vinblastine; platioun
stopuside (VP-18); Hosfamide; mitroxantrone; vanceristing vinorelbine (Navelbine{r}y;
sovantrone; teniposide; edatrexate; daunomyein; aminoptering xeolods; ihandronate; CFT-11;
topoisomerase inhibitor RFS 2000; diffvoromethviormihine {DMEQ); retinoids such as

retinoie acid; capecitabine; FOLFIRI (fluorouraci], leucovorin, and irinotecan} and
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pharmacentically acoeptable salts, acids or derivatives of any of the above. Oue or more

chemotherapeutic agent are used or inchuded in the present application.

001481 Also included in the definition of "chemotherapeutic agent” are anti-hormonal
agents that act to regulate or inhibit hormone sction op tumors such as anti-estrogons and
selective estrogen receptor modulators (SERMy), tncluding, for example, tamoxifen
{including Molvad ex ), raloxifene, droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifens,
LY 117018, onapristone, and toremifene (Faveston{r)); inhibitors of the enzyme aromatase,
which regulates estrogen production in the adrenal glands, such as, for example, 4(3}-
imidazoles, aminoghitethimide, megestrol acetate (Megacs{r}), exemestane, formesiane,
fadrozole, vororole (Rivisor(r)), letrozole (Femara(r)), and anastrozole (Arimidex(s}.}; and
anti-androgens such as flutamide, nilutamide, bleslutamide, louprohde, and goserelin; and

sharmaceutically acceptable salts, acids or derivatives of any of the above,

50141]  The anti-angiogenic agents inchude, but are not limited to, retinold acid and
derivatives thereof, 2-mothoxvestradiol, ANGIOSTATING), ENDOSTATING), suramin,
sgualamine, tssus inhibitor of metalloproteinase-1, tssue inhibitor of metalioproternase-2,
plasminogen activator inhibitor-1, plasminogen activator inbibitor-2, cartilage-derived
inhibitor, paclitaxel {nab-paclitaxel), platelet factor 4, protamine sulphate {chupeioe),
sulphated chitin derivatives {prepared from queen crab shells), sulphated polysaccharide
peptidogivean complex {sp-pp), staurosporine, modulators of matrix metabolism, inchuding
for sxample, proline analogs ({{-azstidine-2-carboxyhe acid (LACAY, cishydroxyproling, d,1-
3, 4-dehydroproline, tdaproline, alpha-dipyridyl, bota-aminoproplonitrile fumarste, 4-
propyl-3-{d-pyridinyl)-2(3h}-oxazolone; methotrexate, mitoxanirons, heparin, interferons, 2
macroglobulin-senin, chimp-3, chymostatin, beta-cyelodextrin tetradecasaiiste, oponemycin;
furnagillin, gold sodinm thiomalate, d-penicillamine (CDFT), beta--anticollagenase-serom,
alpba-2-antiplasmin, bisantvene, lobenzarit disodivm, n-2-carboxyphen vi~4-chioroantinonilic
acid disodium or "CCA", thalidomide; angiostatic sterpid, cargboxynaminohwidazole;
metalloproteinase inhibitors such as BHE. Other anti-angiogenesis agents mcinde antibodiss,
preferably monoclonal antibodies against these angiogenic growth factors: beta-FGF, alpha~
FGF, RG-S, VEGF isoforms, VEGEC, HOF/SF and Ang-1/Ang-2. See Ferrara N, and
Alitalo, K. "Clinieal application of angiogenic growth factors and their inhibitors” (1999

Nature Medicine 513501384,

2
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{00142 The anti-Bbrotic agents inchude, but are not Hmited to, the componnds such as
bela-aminoproprionitrile (RAPNY, as well as the compounds disclosed in U8, Pat. No.
4,963,288 {o Paltreyman, of al,, issned Oct. 23, 1990, entitled "Inhibitors of tysyl oxidase,”
relating to inhibitors of tysyl oxidase and their use in the treatment of diseases and conditions
asseciated with the abuormal deposition of collagen; .8, Pat. No. 4,997,854 to Kagan, et al.,
fsvued Mar. 5, 1991, entitled "Anti-fibrotic agonts and methods for inhibiting the activity of
lysyl oxidase in situ using adjacently positioned dismine analogoe substrate,” relating to
sompounds which inhibit LOX for the treatment of various pathological fibrotic states, which
are hersin incorporated by reference. Purther exemplary inhibitors are deseribed in U8, Pat.
No. 4,243,553 to Palfreyman, et al., issued Jul. 24, 1990, entitled “"Inhibitors of lysyl
oxidase,” relating to compounds such as 2-isobuiyl-3~fluoro-, chioro-, or bromo-allviamine;
as well as, e, US. Pat. No, §,021,456; US. Pat. No. 5,5059,714; U.S, Pat. No. 5,120,784;
U5, Pat No. 5,182,287, ULS, Pat. No. 5,252,608 {relating to 2-{1-naphthyloxymenyl)-3-
fluorcallylamine}; and U.B. Patent Application No. 2004/0248871, which are hereln
meorporated by reference. Exemplary anti-fibrotic agents also include the primary amines
reacting with the carbony! group of the active site of the Iysyl oxidases, and more particniarly
those which produce, affer binding with the carbonyl, 2 product stabilized by resonance, such
as the following primmary amines: emylenemamine, hydrazine, phenyihvdrasine, and their
derivatives, semicarbazide, snd vrea derivatives, aminonitriles, such ag beta-
ammopropioniirile (BAPN), or 2-nitroethylamine, unsaturated or saturated haloamines, such
as I-vromo-ctiylamine, 2-chloroethylamine, 2-trifluorocthylamine, 2-bromopropylamine, B
halobenzylamines, selenchomocysteine lactone. Also, the anti-fibrotic agents are copper
chelating agents, penefrating or not penetrating the cells, Exemplary compounds include
mdireet inhibitors such compounds blocking the sldehyde derivatives originating from the
oxidative deamination of the lysyl and hydroxylysy! residues by the Iysyl oxidases, such as
the thiolamines, in particular D-peniciliamine, or its analogues such as 2-amino-S-mercapio-
S-methytheranoie acid, I-2-amino-3-methylh-3-((2-acetamidoethyl pdithioYoutanoic acid, p2-
aming-3-methyl-3-{{2-aminoethyl jdithiofutanoic acid, sodivm-4-({p-1-dimethyl-2-aming-2-
carboxryethyldithiojbutane sulphurate, 2-acotamidoethyl-2-acetamidosethanethiol sulphanate,

sodinm-d-mercaptobutanesulphinate tribvydrate.

G8143] The mmnunotherapeutic agents include and are not limited to therapeutic
Y & P

antibodies suitable for treating patients; such as abagovomab, adecatumanab, afiutuzuma,
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alemtuzumab, altumomab, amatuximab, anatumomab, arciiomomab, bavituximab,
bectumomab, bevacinumaly, bivatuzomeab, blinstumomab, brentuximab, cantozumab,
catumaxomab, cetuximab, citatuzumab, cixutumunab, clivatuzomab, conatumumab,
daratumumab, drozitumab, duligotomab, dusigitumab, detumomab, daceturzumal,
dalotizienab, eoromeximab, slotuzumab, ensituximab, ertumaxomab, staracinunab,
farietuzurnab, folaturumal, Sgitomomab, Hanvotumab, futuximab, sanitumal, gemiuzomab,
girentuximab, glembatumumab, ibritumomab, igovomab, imgatuzumab, ndatuximah,
inotizumab, intetumumab, ipiliomab, iratumumab, labstuzumab, lexatomuma,
Hntuzomab, lorvotuzumab, lucatunmunab, mapatumumab, matazumab, milatusnenab,
minreturmomab, mitumomab, moxetumomal, narmatumab, naptumomab, necifwmumab, |
nimmotuzumab, nofetumomabn, ccaratuzumab, ofatumumal, olaratumab, onartuzumab,
oportuzumab, oregovomab, panttumumab, parsatuzinmab, pariemab, pemtamomab,
pertpzomab, pintumomab, prifumimab, racotumomab, radvetumal, rilotumumab, rituximab,
rebatumumal, satttnomab, sibrotusumab, siltuximab, simtuzumah, solitomab, tacatuzumab,
taplitumomab, tenatumonab, teprofomumab, Hgatuzumab, tositunomab, trastuzumal,
tcotuweimab, ublituximab, veltuzumal, vorsetuzomab, votummamab, zalutumumab, CO49 and
3FE. The exemplified therapeutic antibodies may be finther labeled or combined with a
radicisotope particle, such as indhem fn 111, vitrlom Y 90, fodine 1131, Obinutuzumab is

also an example of an mmunotherapeutic agent,

{00144]  The application also provides method for treating 8 subject who is undergoing one
or more standard therapies, such as chamotherapy, radiotherapy, Immunotherapy, surgery, or
combination thereof. Accordingly, one or more therapeutic agent or inhibitors may be
administered before, during, or after adwinistration of chemotherapy, radiotherapy,

immunotherapy, surgery or combination thereof

{B0148]  In certain embodiments, the subject may be & human who is (1) substantially
refractory o at least one chemotherapy treatment, or {11} in relapse afler treatment with
chemotherapy, or both (i} and (). In some of ernbodiments, the subject is refractory to at
least two, at least three, or at least four chemotherapy reatments Gocluding standard or

experimental chemotherapies).

{B8146]  In certain embodiments, the subject i3 rofractory to at least one, at least two, at

ieast three, or at least four chemotherapy treatment (including standard or experirental
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chemotherapy) selected from fudarabine, rituximab, obinotururmab, alkylating agents,
alemtuzomab and other chemotherapy treatments sach as CHOP {eyclophosphamide,
doxorubicin, vinoristine, prednisone); R-CHOP (rituximab-CHOPY, hynerCVAD
{hyperfractionated cyclophosphamide, vineristing, doxorabicin, dexamethasone,
methotrexate, cytarabine); R-hyperCVAD Gitadimab-hyperCVADY, POM (fludarabine,
cyclophosphamide, mitoxantrone); R-FCM {rltuximab, fludarabine, evclophosphamide,
mitoxagirone); borterowib and vituximab; temsirolinus and rituximab: temsirolimus and
Velcade™; lodine-131 tositumomal {Bexar) and CHOP; CVE {cvclophosphamide,
vineristing, predoisone); R-CVP {rittecimab-CVPY, ICE (iphospharmide, carboplatin,
etoposidel; R-ICH (rituximab-ICH), FOR (fludarabine, cyclophosphamide, rituximab); FR
{fudarabine, ritoximab); and BT, PACE {(dexamethasone, thalidomide, cisplatin,

. . ® . i s
Adriamyein”, cyelophosphamide, etoposide).

[B0147]  Other examples of chemotherapy treatments (nchuding standard or experimental
chemotherapies) are described below, In addition, treatrment of certain lymphomas is
reviewed i Cheson, B.D, Leonard, LP., “Monoclonal Antibody Therapy for B-Cell Non-
Hodglin's Lymphoma” The New Englond Jowrnal of Medicine 2008, 35%(6), p. 613-828; and
Wierda, W.G., “Current and Tnvestigational Therapies for Patients with CLL” Hematology
2006, p. 283-2894. Lymphoma 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, 1071}, p. 265.276.

[00148]  Examples of immunotherapeutic agonts treating lyvmphoma or leukemia inchuds,
but ave not limited to, rituximab (such as Rituxan), alerstueumab (such as Campath,
MabCampath}, anti-CD19 antibodies, anti-CD20 antibodiss, anti-MN-14 antibodies, anti-
TRAIL, Anti-TRAIL DR4 and DRS antibodies, anti-CD74 antibodies, apolixumab,
bevacizumab, CHIR-12.12, epratuzummab (hLL2- anti-CD22 humanized antibody), galiximab,
ha{, ibritemomab tuxetan, lomiliximab, milatueumab, ofatumumab, PROI3I2T, SGN-4Q0,
WT-1 analog peptide vaccine, W1 126-134 peptide vaccine, tositumoma,

autslogons human fumor-derived HEPPC-06, and veltuzumab, Additional immunotherapy
agents mncludes using cancer vaccines based upon the genetic makeup of an fndividual

patient’s tumor, such as lymphoma vaceine example is GTOP-99 (MyVax™),
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{3149 Exanoples of chemotherapy agents for treating lymphoma or leukemis include
aldesienkin, alvocidib, antineoplasion ASZ-1, antineoplaston A1, anti-thymooyte globulin,
amifostine triydrate, aminocamptothecin, arsenic trioxides, beta alething, Bel-2 family
protein inhibitor ABT-263, BMS-345541, bortezomib {Vaisade@}? bryvostatin 1, busulfan,
carhoplatin, campath-1H, CC-3103, carmustine, caspofungin acetate, clofarabine, cisplatin,
Cladribine {Leustarin}, Chiorambucil {Leukeran), Curcumin, oyclosporine,
Cyeolophosphamide {Cyloxan, Endoxan, Endoxans, Cyclostin, cytarabine, denileukin
diftitox, dexamethasone, DT PACE, docetaxel, dolastatin 10, Doxorabicin {A.{iﬁ.amyciii@ﬁ
Adriblastine}, doxorobicin hydrochloride, enzastaurin, spoetin alfy, etoposide, Everoliraus
{(RADOO ), fenretinide, filgrastim, melphalan, mesna, Flavopiridol, Fludarabine (Fludara),
Geldanamyein {17-AAG), ifosfamide, irinotecan hydrochloride, ixabepilone, Lenalidomide
{Reviimid®, ©C-5013), fvmphokine-activated killer cells, melphalan, methotrexate,
mitoxantrone hydrochloride, motexafin gadolintom, mycophenolate mofeti], nelarabine,
oblimersen (Genasense) Obatoclax (GX15-070), oblimersen, octreotide acetate, omega-3
fatly acids, oxaliplatin, paclitaxel, PDXII2991, PEGylated Hposomal doxorubicin
hydrochloride, pegfilgrastim, Pentstatin (Nipent), perifosing, Prednisolone, Prednisone, R-
roscoviting (Seliciith, CYC202), recombinant interferon alfa, recombinant inferlenkin.12,
recomnbinant interleukin-1 1, recombinant fIt3 ligand, recombinant buman thrombopoleting
rituximab, sargramostim, sildenafil citrate, simvastatin, sirolimus, Styrvi sulphones,
tacrolimus, tanespimyein, Temsirolimus {(CCR779), Thalidomide, therapeutic allogeneic
lymphoeytes, thiotepa, tipifamib, Veloade™ (bortezomid or P8-341}, Vinenistine {Oncoving,
vingristine sulfate, vinorelbine ditartrate, Vorinostat (SAHA), vorinostat, and FR
{fudarabine, rituximab), CHOP {eyclophosphamide, doxorubliein, vineristine, prednisone),
CVP {eyclophosphamide, vincristine and prednisone), FOM (fludarabine, cyclophosphamide,
mitoxantrone}, FCR (Hudarabine, cyclophosphamide, ritaximab), hyperCVAD
(hvperfractionated eyclophosphamide, vinoristine, doxorubicin, dexamethasone,
methotrexate, oytarabing), ICE (iphosphamide, carboplatin and etoposide), MCP
{mitoxantrone, chiorambuci], and prednisolons), RVCHOP (rituximsh plus CHOP), R-CVP
{rituxirnab plus CVP}, R-FCM {rituximab plus FCM), R-ICE (rituximab-ICE), and

R-MCP (R-MCP). An additional example includes ART-189,

{08158 The therapentic reatments can be supplemented or combined with any of the

abovementioned therapies with stem cell transplantation or treatment. Oue example of
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maodified approach s radioinununotherapy, wherein a monoclonal antibody is combined with
a radicisotope particle, such as indium In 111, yitrlom Y 90, fodine I-131. Examples of

. . . . ) . ‘ - g -~ . . @
combination therapies include, but are not Hmited to, lodine-131 tositumomab (Bexxar™),

Yitrian-90 ibritumomab Huxetan (Fevalin®y, Bexxar™ with CHOP.

{B0151]  Other therapeutic procedures include periphoral blood stem cell transplantation,
autclogous hematopoietic stern cell transplantation, awtologous bone marrow transplantation,
antibody therapy, binlogical therapy, snzyme inhibitor therapy, total body rradiation,
infusion of stem cells, bone marrow ablation with stem cell support, in visro-treated
peripheral blood stem cell transplantation, umbilical cord boeod transplantation,
immunosnzyme fechnigue, pharmacological study, low-LET cobali-80 gamma ray therapy,
blecmyein, conventional surgery, radiation therapy, and nonmyeloablative allogeneic

hematopotetic stem cell transplantation.
Kiis

{D0182]  Provided herein are also kits that include & compound of the present application or
a phammaceutically accoptable salt, stereoisomer, prodrug, or solvate thereof, aud suitable
packaging. Provided herein are also kits that include a compound of formula (0, (5, (-1},
(Flay, (3-1by, (A1), (JAGZ) (IB-1) (IB-2), (183}, or (IB-4), or a pharmaceutically
accepiable salt, stevenisomer, prodrug, or solvate thereof, and suitable packaging. ¥n one
embodiment, a kit further includes instructions for use. In one aspect, a kit includes a
compound of formula (-1}, {-1a), (A1), GA-D), (1A-2), (IB-1), (IB-2), (IB-3), or (IR-4), or
& pharmaceutically acceptable salt, stereoisomer, prodrag, or solvate thereof, and a lahel
and/or instructions for use of the compounds in the treatment of the indications, inchuding the
diseases or conditions, described heretn, In one aspect, a kit includes a compound selected
from Compound 1 to 1186, or a pharmaceutically acceptable salt, stereoisomer, prodrug, or
solvate thereof, and 8 label and/or instructions for use of the compounds in the teatment of

the indications, Including the diseases or conditions, descoribed herein.

{00183 Provided herein are also articles of manuficture that include a compound
described herein or pharmacentically acceptable salts, isomer, or a mixture thereofina
suitable container. The container may be a vial, jar, ampoule, preloaded syringe, and

intravenous bag.
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{08184]  Compounds provided herein are usually administered in the form of
pharmaceutical compositions. Thus, provides herein are also pharmaceutical compositions
that contain one or more of the compounds described hevein or pharmaceutically acceptable
salts, isomer, or a mixture thereof and one or more pharmacentically acceptable vehicles
selected from carriers, adjuvants and excipients. Suitable pharmaceutically acceptable
vehicles may include, for example, inert solid dilvents and §llers, diluents, including sterile
agqueous solution and various organic solvents, permeation enhancers, solubilizers and
adjuvants. Such compositions are prepared in & manner well nown in the pharmaceutical art,
See, e.g., Remington's Pharmaceutical Sciences, Maoce Publishing Co., Philadelphia, Pa. 17th
Ed. (1983}, and Modern Pharmacentics, Marce! Dekler, Inc. 3vd Bd. {(.8. Banker & O,
Rhodes, Hds.),

{B0I38]  The pharmacentical compositions may be administered in sither single or roulti ple
doses. The pharnaceutical composition may be administered by various methods incloding,
for example, rectal, buccal, intranasal and transdermal routes, In certain embodiments, the
pharmaceutics! composition may be administered by intra-arterial injection, in fravenously,
intraperitoneally, parenterally, intrammscularly, suboutaneously, orally, topieally, or as an

inhalant,

[06156]  One mode for administration is parenteral, for example, by injection. The forms in
which the pharmaceutical compositions described hersin may be incorporated for
adminisiration by igjection include, for example, agueous or oil suspensions, or emulsions,
with sesame oil, com ofl, cottonseed ofl, or peanut ofl, as well as elixirs, mannitel, dextrose,

or a sterile aguecus solution, and similar pharmaceutical vehicles,

10187 Oral adeninistration may be another route for administration of the compounds
deseribed herein. Administration may be via, for example, capsule or enteric coated tablats.
In making the pharmaceutical compositions that include at least one compound described
herein or pharmaceutically acceptable salts, isomer, or a mixture thereof, the active ingredient
is uenally diluted by an excipient and/or enclosed within such a carrder that can be in the form
of & capsule, sachel, paper or other container. When the excipient serves as a diluent, it can be

in the form of a solid, semi-solid, or liguid material, which acts as a vehicle, cardier or
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mediom for the active ingredient. Thus, the compositions can be in the form of tablets, pills,
powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, solations, syrups,
aerosols (as a solid or in a Hquid medinm), ointments containing, for example, up to 108 by
weight of the active compound, soft and hard gelatin capsules, sterile injectable solutions, and

stertle packaged powders,

[00188] Some examples of suitable exciplents include lactose, dextrose, sucrose, sorbitol,
mannitol, starches, gum acacla, caleium phosphate, alginates, tragacanth, gelatin, calelum
silicate, microcrysialline cellunlose, polyvinyipyrrolidone, cellulose, sterile water, syrup, and
methy! celiolose. The formulations can additionally inchude lubricating agents such as tale,
magnesium stearate, and mineral oil; wetting agents; emuisifying and suspending agents;
preserving agents such as methyl and propyibhydroxy-benzoates; swestening agents; and

flavoring agents,

{00188 The compositions that inclode at least one compound described herein or
pharmmacewtically acceptable salts, isomer, or 3 mixtore thereof can be formulated so as to
provide guick, sustained or delayed release of the active ingredient after adimindstration to the
subject by employing procedures known in the art. Controlled release drug delivery systems
for oral administration include osmotic pump systems and dissolutions! systems containing
polymer-coated reservoirs or drug-polymer mateix formalations. Examples of controlied
release systems are given in ULS, Patent Nos. 3,845,770; 4,328,525, 4,502,514; 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 to provide
continuous or discontinuons infusion of the compounds described heretn in controlled
amounts. The construetion and use of transdermal patches for the delivery of phasmaceutical
agents is well konown fn the ant. See, eg, U.S. Patent Nos, 5,023,252, 4,992 445 and
5,001,139, Such patches may be constructed for continnous, pulsatile, or on demand delivery

of pharmaceutical agents,

{B0168]  For preparing solid compositions such as tablets, the principal active ingrediens
may be mixed with a pharmaceutical exciptent to form a solid preformulation composition
containing a homogeneous mixture of a compound described hereln or pharmaceutically
acceptable salts, isomer, or a mixture thereof. When referring to these preformulation

comppositions 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

dosage forms such as tablets, pills and capsules.

{60161  The tablets or pills of the compounds desoribed herein may be coated or otherwise
compounded to provide a dosage form affording the advantage of prolonged action, or to
protect from the acid conditions of the stomach. For exarple, the tablet or pill can include an
inner dosage and an outer dosage component, the latter being in the form of an envelope over
the former. The two componenis can be separated by an enferic layer that serves o resist
disiniegration in the stomach and permit the inner component to pass intact into the
ducdenum or o be delayved in release. A variety of materials can be used for such enteric
tayers or coatings, such materials including a number of polymeric actds and mixtures of

polymaeric acids with such materials as shellac, cetyl aloohol, and cellulose acetate.

{0163 Compositions for inhalation or insufflation reay include solutions and suspensions
in pharmaceutically acceptable, aquenns or organic solvents, or mixtures thereof, and
powders. The liguid or solid compositions may contain suitable pharmaceutically acceptable
excipients as described supra. In some embodiments, the compositions are administered by
the oral or nasal respivatory route for local or systemie effect. In other embodiments,
compositions in pharmaceutically acceptable solvents may be nebulized by use of inert gases.
Nebulized solutions mway be inhaled directly from the nebulizing device or the nebulizing
device may be attached to a facemask tent, or infermitient positive pressure breathing
machine, Solation, suspension, or powdar compositions may be administered, preferably

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

Dasing

IBBI63]  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
employed, the age, body weight, goneral health, sex, diet, time of administration, route of
administration, and rate of excretion, drug combination and the severity of the particular
disease in the subject undergoing therapy, For g}gampém a dosage may he expressed as a
number of milligrams of a compound described herein per Kilogram of the subject’s body
weight (mg/kg). Dosages of between about (.1 and 150 mg/kg may be appropriate, In some

embodiments, about 3.1 and 100 mg/kg may be appropriate. In other embodiments a dosage
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of between (1.5 and 60 mg/kg may be appropriate. Normalizing according to the subject’s
body weight is particularly usefil when adjusting dosages between subjects of widely
cHsparate size, such as occnrs when nsing the drug in both children and adult hurnans or when
converting an effective dosage in a nonvhuman subject such as dog to 8 dosage suitable for a

humman subject,

{08164]  The daily dosage may also be desaribed as 8 total amouwnt of a compound
described hereln administered per dose or per day. Daily dosage of a compound of formula
(), (FReay, (310, A1), (BAAD), (IB-1), (IB-2), (IB-3), or (18-4}) may be between shout 1
mg and 4,000 mg, between about 2,000 to 4,000 myg/day, between about 1 o 2,000 mgiday,
between about 1 to 1,000 mp/day, between about 10 to 300 mg/day, between about 20 to 500
myg/day, between about 50 o 300 myp/day, botwoen about 75 to 200 mg/day, or between ahout
15310 1530 mgfday. Daily dosage of a compound of the present application (e.g. compounds
of formada (F}, (I}, (A-T), (FA-2), (0B-1), (IB-2), (IB-3), or (IB-4)) also falls within the TRNGSS
described above. Daily dosage of 8 compound selected from Compounds 1 to 118 also falls

within the ranges described above.

{00183]  When administered orally, the total daily dosage for a human subject may be
between | mg and 1,000 mg, between about 10-300 mp/day, between shout 50-300 mg/day,

between about 75-200 mg/day, or between aboot 100-130 myg/day.

1066]  The compounds of the present application or the compositions thereof may be
asdroinistered once, twice, three, or four times daily, using any suitable mode deseribed above,
Also, adwmimistration or reatment with the cormpounds may be continued for a number of
days; for example, commonty treatment would continue for at least 7 days, 14 days, or 28
days, for one cyole of treatment. Treatment cyeles are well known in cancer chemotherapy,
and are frequently alternated with resting periods of about 1 to 28 days, commoniy about 7
days or about 14 days, between cycles. The treatment oyoles, in other embodiments, may

aleo be continuous.

BOI6T] Ina particnlar embodiment, the method comprises administering to the subject an
inittal daily dose of about 1 to 500 mg of a compound described herein and incressing the

dose by increments vntil clinical efficacy is achieved. Invrements of about 5, 16, 25, 50, or

"]
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100 mg can be used to increase the dose. The dosage can be increased daily, every other day,

twice pet week, or onog per week.

Synthesis of the Compounds

{00168]  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
to the teachings berein. The synthesis of typical compounds described herein may be
accomplished as described in the following examples. If available, reagents may be

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

{88169 Typical embodiments of compounds desoribed herein may be synthesized using
the general reaction schemes descoribed below, It will be apparent given the description
herein that the general schomes may be altered by substiution of the starting materials with
other materials having similar structures to result in products that ave correspondingly
different. Descriptions of syntheses follow to provide nomerous examples of how the starting
materials may vary to provide coresponding products. (Given a desired product for which the
substituent groups are defined, the necessary starting materials generally may be determined
by inspection. Starting materials ave typically obtained from commercial sources or
synthesized using published methods. For synthesizing compounds which ave embodiments
described in the present disclosure, inspection of the structire of the compound to be
synihesized 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 inspection, given the examples herein, In general, compounds deseribed

herein are typically stable and isolatable at room temperature and pressure,
Synrhetic Reaction Parameters

{B81TH] The terms “solvent”, “inert organic solvent”, or “inert solvent” refer io a solvent
inert wnder the conditions of the reaction being deseribed in conjunction therewith {inclhuding,
for example, benzene, toluene, acetonifrile, tetrahydrofuran ("THF), dimethylformamide

{“IME”), chioroform, methylene chloride {or dichloromethane), diethy! ether, methanol, and
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the like). Unless specified to the contrary, the solvents used in the reactions of the present
frvention are tnert organic solvents, and the reactions are carvied out ynder an inert gas,

preferably nifrogen.

B8T71 The term “g.8.” means adding a quantity sufficient o achieve a stated function,

e.g., i bring a solution 1o the desived volume {Le, 1009

[B0172]  After synthesis, the compounds may be isolated in the form of a free base or g
trifluoroacetic acid salt and further characterized by NMR. The resulting coropounds and
their NMR characterizations may represent efther the free base or salt form. The ratio of

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

(6173 One methoed of preparing compounds of formmula {1} is shown in Reaction Schems
L

~~}
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[08174]  Step 1—Preparation of a compound of formula {1)

{08173 The compound of fhrmula (1) can be made by combining compounds {A}, (B) and
{CC} 1n the presence of a dehydrating agent. Compounds (A), (B} and () are commnercially
available or can be made by methods kuown in the art. With respect to compound (A} R is
as defined herein, With respect to compound (B), R® and R” are as defined herein, With
respect to compound {C), R? is as defined herein, Compound {A) can be mized with
Compound {8} in the presence of a coupling agent such as dipheny! phosphite in a solvent
such as pyridine. Afler stimving af a temperature between ambient and 100°C for between 1
and § hours, compound {7} is added. After firther stirring at & temperatige hetween ambient
and 100°C for between § and 24 hours, the resction mixture is allowed io cool 1o room

temperatice, To extract the compound of formula (1), an organic solvent such as ethyl
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acetate (E10OAC) may be added, followed by washing with, mild acid, water, and brine. The
organic phase can be concentrated to obtain the compound of formula (1), Additional
compounds may be prepared by alkylation of compounds of formula (1) in which RY is OHL
For example a compound of formula (1), R'=0H, is mixed with & reagent containing a
teaving group, such as a halide or mesylate, in the presence of a base, such as CaCOh or
KUy, in o solvent such as DMF or DMSO. After stining at a temperature between ambient
and 110°C for between § and 24 hours, the resction mixture is allowed to cool to room
temperature and worked up onder standard conditions. Additions! compounds may be
prepared by coupling reactions with compounds of forrmala {1) in which R’ is halo, such as
fode, bromo, or chlore. For exarmple a compound of forraula (13, R =8y, may be mixed with a
double bond containing compound, such as acrylamide, allyl aleshol, allvlevelohexane, or
acrolein, in the presence of a base, such as Hunig's base, Cs:00: or KOs, and metal
catalyst such as chloro{2-dicyclohexylphosphine-2' 4°,& “riisopropyl-1,1 “biphenyl i 2-(2"
amino~1,1-biphenyi}pailadiom(Il} in a solvent such as DMF. After stivring at a temperature
between ambient and 110°C for between 5 and 24 hours, the reaction mixture is allowed to
coof to room temperature and worked up under standard conditions. IFR! contains a double
bond, it can be reduced uoder standard conditions such as hydrogenation in the presence of a
catalyst, such as PA/C or Ptin a solvent such as BtOAe, FtOH, or MeOH under ambient or
clevated pressure. ¥R 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
cyanoborohydride or sodium triscstoxyborohydride, in a solvent such as DUM, RFiOAc,
EtOH, or Me(H under ambient or elevated temperatare. Compounds where B {s SO:R may
be prepared by reaction of a compound {1} where R is halo, such as Br, with sodium alkyl or
aryl sulfinate in the presence of a base, such as CxC0; or Ky, and a catalyst such as Cul,
i a solvent such as DMES, and heated af a temperature betwesn ambiont and 120°0,
Fusther, compounds where R' is $O.R may be prepared by first reacting a compound (1)
where R’ is halo, such as Br, with 1 thiol in the presence of a base such as Hunig’s base, 2
catalyst such as Pd{dba}, a ligand such as Xaniphos , and ¢$i-proline in a solvent such as
dioxane, and heated at a temperature between ambient and 140°C. The resulting thiol can be
oxidized by trestment with an oxidizing agent, such as oxone in an agueocus solvent such as a
mixture of THF 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
? w 2
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Hunig’s base or triethylamnine and a coupling agent such as HATU or HOBT to give the
armude. The compound of formula (1) may be purified by any suitable methods known in the
art, such as chromatography on silica gel. Altematively, the compound of formula (1) may

be nsed in the next step withouwt purification.
[00178]  Step Z—Preparation of a compound of formula 3

{8177} The compound of formula (2} can be made by removing the protecting group(s)
from the compound of formuda (1) The compound of formula (1) is dissolved in & suitable
solvent and treated with a suitable acid. Suitable solvents may include, for example,
dichioromethane-doxane, or other suitable solvents, Suitable acids may include, for
example, trifluoroacetic acid, hydrochloric acid, or boron tribromide (BBn). The reaction
can be carried out 8t temperatures between ~78°C to ambient temperature. On reaction
completion, solvent is removed fo obfain the compound of formula (2. Inthe case ofa
reaction using BBr; the reaction may first be treated with MeOH before an aqueous work-up

o obtain & compound of formula (2).
[BOITE] Slep 3—Preparation of a compound of formula (3}

{0178 The compound of formula (3} can be made by treating S-substitnted-2 4,6
irihalopyrimidine with ammonium hydroxide in a suitable solvent such as dioxane, whers the
halo is either chloro or fluoro. The reaction is carried out at an elevated temperature between
30 and 80 °C for a suitable time, typically between 2 and 8 hours or when the reaction is
complete. Upon completion, water is added to the cooled solution, and the precipitate is
collected by filtration. The nitrile can be converted to the carboxamide under standard

conditions.
{30180]  Step 4—Preparation of a compounnd of forrmula ()

{B0181]  The compound of formula (I} 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 example of a suitable base is didsopropylethylamine. An sxample of & suitable
solvent is Nomethylpyrrolidone (NMP), DMFE, IIMSQ, isopropanol, or ethanol, The reaction
is typically performed at a temperature between 30°C to 150°C for about 30 minutes 1o 120

hours. Altematively the reaction can be performed in a microwave at a temperature between

82
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10000 to 150°C for abont 30 minutes to 24 hours, Water can be added to quench the reaction
upon completion, and the precipiiate may be filtered and then dissolved in an organic solvent
such as dichloromethane (DOM). The product can be isolated by methods known 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, chromato graphy of the residue on a silica

columm.

1601821 It should be understood that the compounds of formula {I) can be prepared
according to the methads provided in Reaction Scheme 1, starting from materials knowrt to

one of skill in the art.
(00183  Example la. Preparation of a Compound of Formula (1)

00184] A, Preparation of & Compound of Formuda {1} in which v s 1, R is fluere, m is

1, R? is fluoro, B is hydrogen, and R is oyclopropyl

NN

I

\\ ’(;,;;".'}’\ N‘;{}"\\v _f.r'i":'\"
NiRoo

[O81881  Diphery! phosphite (1.6 mi, 8 munol} was added to 2 solution of 2-aminoe-G-
fluorobenzode acid {380 mg, 2 mmol} and (83-2-{ert-butoxycarbonylaming -2~
oyclopropyviacetic acid (680 mg, 3 mumol} in pyridine (2 mb}. The resction mixture was
stirved at 40°C for 1 hour. 3-Fluorcaniiine £330 mg, 3 mmel} was then added to the reaction
mixture, which was then stirred at 30°C for 16 hours. The reaction mixture was cooled to
room temperature. This mixture was purified by columa chromatography on SIO; eluting
with FiQAc in hexanes (0-75%) to afford (§)-tert-butyl {eyclopropyl(S-fhuore-3-(3-~

fluorophenyli-d-oxo-3,4-dihydroguinazolin-2-ylimethyljoarbamate.

801861 B, Pollowing the procedure described in Example 1A and Reaction Scheme {

below compounds of formuls {1} were prepared:

(S tert-butyl {{S-chlore-d-ox0-3 -phenyl-3,4-dihydroguinazolin-2-

vy phenyt rethylcarbamate;
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{Stert-butyl {{S-ovano-3-~-{difleoromethyli-5-Hoorophenvi d-oxo-3,4-
dibydroguingzelin-2-vi}{cyclopropylmethyl joarbamate;

{S-tert-butyl {oyclopropyl(3-(3-Huorophenyl-S-{methvisulfonyl }-4-0x0-3 4~
dibhydroguinarolin-2-vhimethylicarbamate;

{S)}-tert-butylt {eyvelopropyi(3-(2,6-difluorophenyly-S-{methylsulfonyld-ox0-3 4-
dihydroguinazolin-2-yDmethyDearbamate;

{8ptert-butyl {eyvelopropyi3-(2-Hucorophenyh-S-{methylsalfonyD-4-0x0-3,4-
dihydroguinazolin-2-yhHimethyhicarbamate;

{Si-tert-butyl {evclopropyl{&-fluore-3-3-Tuorophenyl -8-indo-d-ox0-3,4-
dihvdroquinazolin-2-yiimethvlcarbamate;

{8 }-tert-butyl {cyclopropyl{s-fluore-3-phenyl-8-iodo-4-ox0-3,4-dilvdroguinazolin-2-
vitmethyhearbamate;

{S)-tert-butyl (1~(S-chiore-3-3,S-diffluorophenyl)-4-oxo-3 4-dihydroquinazolin-2-v1)-
3-{dimnethylamine)-3-oxopropyi jearbamate;

{Stert-butyl {1-(S-chloro-4-oxo-3-phenyl-3,4-dibydroguinazolin-2-yi}-3-
{dimethylaming}3-oxopropyicarbamate;

{8 Ftert-butyl ((3-(3-cyano-3-fluorophenyl}-S-methyl-4d-oxo-3 4-dihydroguinazolin-2-
yh{eyclopropyl muethylicarbarmate;

{Sitert-butyl {oyelopropyl(3-(3,5-difluorophenyl)-S-methyl-d-ox0-3,4-
dihydroguinazolin-2-yhmethvDcarbamate;

{Stert-butyl {{ S-chdore-3-(3, S-difhworophenyipdoxo-3,4-dibydroguinazolin-2-
viXcvelopropyiimethyl jcarbamate;

{8 ptert-batyl {((S-fluore-3-(3, 5-diflaorophenyl }-4-oxo-3,4-dthydroguinazeln-2-
yi¥evclopropylmethylcarbamate;

{8 ptert-butyl {ovelopropyl{6-fluorn-3-(3-fuorophenyl i-4-0x0-3 4-dihydroguinazolin-

2-ylimethylcarbamate;

{28, 48 ert-butyl 2+ Sechloro-3-(3,5-difluorophenyll-4-ox0-3 4-dilhvdroguinazolin-2-

vir4-methoxypyrrolidine-1-carhoxviate;

v 4]
%
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{S)-tert-butyl 2-(S-chloro-3-(3,5-difluorophenyii-4-oxo-3,4-dibydrogquinazolin-2-
yhazetidine- L-carboxylate;

{8-teri-buityl 2-(S-chloro-4-ox0-3-phenvi-3 d-dihvdroguinazolin-2-yDazetiding- 1 -

carboxylate;

{S)-tert-butyl 2-(S-bromo-~4-oxo-3-phenyi-3, 4-dihydroquinazolin-2-ylipyrrolidine-1 -

carboxylate;

{8}-tert-butyl 2-(5-chlore-3-(3,5-difluorophenyl}-4-ox0-3,4-dihydroquinarolin-2-

vhpyrrolidine--carboxylate;

{S)tert-butyl 2-{S-chlore-3-(3,3-difluorophenyl}-8-methvi-4-oxo-3,4-

dihvdroguinazolin-2-yDpyrrolidine-1-carboxviate;

{Stert-batyl 3-(R-chlove-3-(3,5-difluorophenyl}-d-oxo-3,4-dibvdroguinazolin-2 -

yhpyrrelidine- T-carboxyiate;

{S)}-tert-butyl 2-3-(3,5-difluorophenyi}-R-methyl-4-oxo-3 4-dihvdrogquinazolin-2-

yhpyrrohidine-1-carboxylate;

S tert-butyl 2-3-03, 5-dtflworophenyil-5-fluorg-4d-oxo-3 4-dihvdroquinazolin2-
P ¥Rrog

yhpyrrolidine--carboxylate;

{Shtert-butyl 2-(5-chloro-3-{3-cyanc-S-fluorophenyli-d-oxo-3 d-diivdroguinazolin-2-

vhipyrrolidine- I ~carboxviate;

{Sktert-butyl 2-{5,8-dichloro-4-ox0-3-3-sulfamoviphenyl)-3 4-dihvdroquinazolin-2-
yhpyrrolidine-1-carboxylate;

{8 tert-butyl 2-(3-(3-(diflvoromethyliphenyl -B-dodo-d-oxe-3 d-dibvdroguinazolin-2-
viipyrrolidine-1-carboxyviate;

{(8)-tert-butyl 2-B-odo-d-oxo-3-phenyl-3 4-dihydroquinazolin-2-yDpyrrolidine-1 -

carboxvlate;

{28,4R Mtert-butyl 2-(5-chloro-3-(3,5-diffuorophenyld-oxe-3 4-dihydroquinazolin-2-

vir4-fuoropyrrolidine 1 -carboxyviate;

28, 4R ptert-butyl 2-{S-chloro-d-oxo-3-phenyl-3 4-dibydroguinazolin-2-yi 4~

methyipyrrolidine-§-carboxvlate;

&5
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{8 )-tert-buty] {1-(S-chlore-3-(3,5-difluorophenyl}-4-ox0-3 4-dihydroquinazolin2-

vijethylcarbamate;
(Srtert-butyl (1-{S-chioro-4-oxo-3-phenyl-3 4-dibvdroquinazolin-2-
yijethylcarbamate;

{R}-tert-butyt 3-{S-chloro-4-ox0-3-phenyl-3 d-dihydroquinazotin-2-yDmorpholing-4-

carboxviate;

{Sktert-butyl {1-(3-(3, 5-diffuorophenyl}-S-fluoro-4-oxo-3,4-dihydroquinazolin-2-

yviethyhicarbamate;

{25, 4R Hert-butyl 4-amine-2-(S-chloro-4-0x0-3-phenyl-3 4-dihvdroquinazolin2-

yhipyrrolidine--carboxylate;

{25, 4R -tert-butyl 4-amine-2~{F-chlers-3-(3,3-diffuorophenyi l-4eoxom3 4~

dihydroquinazolin-2-ylipyrrolidine-1-carboxylate;

{25 4R Mert-butyl 4-amino-2-03-(3,5-difluorophenyl}-§-fluoro-4-oxo-3 4-

dihydroguinazolin-2-vipyrrotidine- t-carboxylate;

{28, 4R -tert-buty! 4-amino-2-(3-(3-(diflucromethyl}-5-fluorophenyi-5-Huoro-4-gxo-

3 d4-dihydroguinazolin-2-yDpyrrolidine- 1 -carboxylate;

(28 4R ptert-butyl 4-amino-2-{S-chloro-3-(3-(diflucromethyl}-5-Huorophenyl}-4-oxo-

3 4-dibydeoguinazolin-2-ypvrrolidine- 1 -carboxylate; and

{2848 p-tert-butyl 4-amine-2-(S-chlore-3-(3~(difluoromethy-5-fluorophenyh-4-oxo-

3, 4-diyydroguinazolin-2-yhpyrrolidine- ~carboxylate,

{H0I87]  Example 1b. Prepavation of Compound of Formuda (1h)

{B0188] A Preparation of a Compound of Formula (1 dn whichnis |, R 3s cyano, mis §,

R is hydrogen, and R is eyclopropyl

8§
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é&i-i&m:

ib
BRIRG]  (S)-tert-butyl {1-(chloro-bromo-d-oxoe-3-phenyl-3 A-dibvdroguinazolin-2-
yi¥eyclopropylimethyhcarbamate (230 mg, .3 mmel), 2ine cyvanide {70 mg, 4.6 mmol}, and
tetrakis(triphenylphosphine}Pd(0} {63 mg, 0.05 numol} were combined in NMP (2 wl). The
mixhire was depassed under Ar and heated to 80°C for 72 h. The reaction was poured info
FtOAe, washed with agueous NaHCO; (2x) and brine, The solvent was removed it vacue
and fhe residue was purified by chromatography to give (Sptert-butyl ((5-cyano-4-oxo-3-

phenyl-3 4-dihydroguinazolin-2-yi{eyclopropyl imethyl joatbamate. ERMS 4170 (MHTL

106198] B, Following the procedure desoribed in Example 1h and Reaction Scheme 1,

below compound of formula (1) were prepared:

81931 (Sitert-butyl {(Scvano-S-Huoro-d-oxo-3 -phenyl-3, 4-dihydroguinazolin-2-

yHevelopropyhimethyDearbamate.
8931931 Fxample lo. Prepavation of Compound of Formula {1¢)

106193] A, Preparation of a Compound of Formula (1) in whichnis §, R iz 2-{morpholin-

N - 2. ¥ o ~
4-yhethoxy, m 18 §, R° is hydrogen, and R is methyl

To a suspension of ($)-tert-butyl (1-{S-hydroxy-4-oxe-3 -phenyl-3 4-dihydroquinazolin-2-

yhethylicarbamate (75 mg, 0.197 nunol} and ceshum carbonate (236 mg, 0786 mmel} in
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PMF (.75 mL} was added 4-(2-chloroethylmorpholine hydrochloride (52 mg, 0.279 mmol).
The rezction was heated to 50°C and stirved for 18 hours, then poured inte BtOAC and
washed with HpO (3x). The organie phase was dried over Na8O,, filtered, and concentrated
to give (8-tert-buty! (1-(3-(2-maorpholinosthoxy-4-oxe-3-phenyl-3,4-dibydroquinazolin-2-

yijethyljcarbamate, which was taken on without farther purification.

{#8194] B, Following the procedure desoribed in Example 1¢ and Resction Scheme |,

below compound of formula (1) were prepared:
{8p-tert-butyl (1-(5-(-morpholinoethoxy)-4-oxo-3-phenyi-3 4-dihydroguinazolin-2-
vhethylicarbamate;

{Shterv-butyl {1-(5-(2-(azepan-1-yhethoxyl-4-oxo-3-phenyl-3 4-dihydroguinazolin-2-

yhethyhoarbamate;

{S}-tert-butyl (1-{d-oxo-3-phenyl-5-2-(pyrrolidin-1-vDethox y)-3 4-

dihydroguinazolin-2-yvhethyDoarbamate;

{Spisopropyl 2-{(2-(1{{tert-butoxyearbonyl JaminoYethyl - 4-ox0-3-phenyl-3,4-

dihydrogquinazolin-S-yhoxviacetate;

(Sptert-butyl (1-{4-0x0-5-{2-{ 2-oxopyrrotidin-1-ylethoxy)-3-phenyi-3,4-

dihydroguinazolin-2-yvDethyDearbamate;
3 f 5 ¥i,

(S}-tert-butyl {1-(5-2-{dimethylamino}ethoxy)-4-ox0-3-phenyl-3,4-

dibydroquinazolin-2-yDethylicarbamate:

{Siterv-tutyl {1-{4-0x0-3-{2-ox0o-2-{piperidin-1-yDethoxy-3-phenyi-3,4-

diivdrogquinazolin-2-yhethylcarbamate;

{Sitert-butyl (1-(5-(3-hydroxy-2-(hydroxymethyl }-2-methyipropoxyi-4-oxo-3-

phenyl-3 A-dihydroquingzolin-2-yhethyDcarbamate;

{8 ptert-butyl (1-{4-oxo-3-phenyl-5-(2-(piperidin-1-yDethory}-3, 4-dhydroguinazalin.

2-yhethylicarbamate;

{Sptert-butyl (1-{4-oxo-3-phenyl-3-(2-(4-phenylpiperazin-1-viethoxy-3,4-

dibydroguinazelin-2-vijethyljcarbamate;

3
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{8 Mert-butyl (-(8-(2-2-methyl-1 H-imidazol-Lyhethoxy)-4-oxo-3-phenyl-3,4-

dihydrogquinazolin-2-vi)ethyhcarbamate;

tert-butyl {183 1-{5-2-(T-methylpyrrolidin-2-yhethoxy)-4-oxo-3-phenyl-3,4-

dibydroquinazoin-2-vethyDearbamate; and
FOIog 3 ¥

{S)-tert-butyl {1-{S-{(3-methyloxetan-T-yhimethoxy-4-oxo-3-phenyl-3 4

dihvdroquinazolin-2-yDethylicarbamate,

{08195 HExample 1d. Preparation of Compound of Formula (1d)

[BOESS] AL Preparation of a Compound of Formula (1) in whichnis 1, R is A-{morpholin-

4-y1)-2-oxosthoxy, mis §, R is hydrogen, aad R is methyl

1d
To a solution of (Sp-tert-butyl (1-(5-fluoro-d-oxo-3-phenyi-3 4-dikydroguinazolin-2-

yhethylicarbamate (300 mg, 1.30 mmol) in DMF (2 mL) was added 2-hydeoxy-1-
{morpholin-4-yhethan-1-ove (283 mg, 1.95 mmol} and freshly ground KoC0; (198 myg, 1.43
mmol}. The mixture was heated to 80°C and allowed to stir for 12 dayve. The reaction was
adsorbed directly onto isolute and purified on ISCO (40 g silica, 0 - 100% EtQAchexane) to
give (8)-tert-butyl {1-(8-{Z-morpholine-2-oxoethoxyd-oxo-3-phenyl-3,4-dthydrogquinazoline.

S-yhethyhDcarbamate,
{81971 Example le. Preparation of Compound of Formmuda (1)

[80198] A, Preparation of 8 Compound of Formula (1) in which nie 1, R 18 2-(4-

methylpiperidin-d-yi}-Z-oxoethoxy, mis 8, R® is hydrogen, and R is methyl
¥ipip ; ¥ YOrGg ¥

59
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To 2 suspension of {8tert-butyl (1-{S-hydroxy-4-oxo-3-phenyi-3 4-dihydroguinazolin.2-
vijethyhcarbamate (150 mg, (.393 mmol), 2-hydroxy~1-{4-methylpiperidin-1-ylicthan- 1-one
{134 mg, 0.787 mmol}, and triphenyl phosphine (206 mg, 0.787 mmol) in DCM (2 mL) was
added di-tert-butyl azodicarboxylate {181 mg, 0.787 mmnod). The reaction was stivred at
ambient tomperature, with more reagents added as nesded to drive the reaction. The reaction
was poured into HoQ {20 ml), extracted into DCM (3 x 10 mL), and the combined exiracts
were purified by flash chromatography {12 g silics, 0 — 50% Ei0AGDCM) to glve {8)-tert-
butyl {1-{5-(2-{4-methylpiperidin- -yl 2-oxosthoxy}-4-oxo-I-phenyl-3,4-dthvdroguinazolin-

Zeyhethylicarbamate,
1099 Hxample I Prepavation of Compound of Formula (16

{200] AL Preparation of 8 Compound of Formula (1) in which n is 1, B {8 3-amine-3-

. 5 . e
axopropyl, mis 8, R is hydrogen, and R is methyl

To a solution of (8ktert-butyl (1-(5-bromo-d-oxo-3-phenyi-3,4-dihyvdroguinazolin-2-
yhethyDearbamate (300 mg, 0.675 munol} in DMF (3 mL) was added chlore{2-
dicyclohexviphosphing-2’ 4 6'-triisopropyl- 1,1 -biphenyD 2+{2amino- 1,1
biphenyljpalladiven(il} (16 mg, 0.023 mumel), acrvlamide {72 myg, .01 mmol) and DIBA

{035 mi, 203 mmel). The mixture was degassed and heated to 86°C for 6 hours, The

&0
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reaction was poured info BiQAc and washed with HaO. The resulting solution was deied over
NayB(y, filtered, and concentrated to an orange oll. Purification by flash chromatography (28
g silica, O~ 100% EtOACDCOM) provided the unsaturated intermediate as & white solid. This
material was dissolved in EiQAc (8 mL) and hydrogenated over 10% P/C to give (S)-tern-
butyl (1-{5-G-amine-3-oxopropy! 4-oxo-3-phenyl-3 4-dihydroguinazalin-2-

vhethyhicarbamate.

{00361} B. Following the procedure desoribed in Example 1f and Reaction Scheme I,

below compound of formula (1) were prepared:

(Sptert-butyl (1-{5-(3-amine-3-oxopropyl i-8-fluoro-4-oxo-3-phenyi-3 d-dihydroguinazoline

A-yhethyhicarbamate;

{Sktert-buatyl (1-(5~3amino-3-oxopropyl-3-(3, 5-diffuorophenyl -8 -fluoro-4-0x0-3,4~

dibydroguinazolin-2-yliethylicarbamate;

{Sitert-butyl (1-(5-G-amino-3-oxopropyh3-(3, 3-difluorophenvi}-4-ox0-3,4-

diydroguinazclin-2-vhethylicarbamnate.
{03031 Example lg Preparation of Compound of Formula (g

IBB203] A, Preparation of a Compound of Formula (1) in whichnis 1, R s 3-

oxopropenyl, m is 0, RY is hydrogen, and R is methyl

To a solution of (S)-tert-butyl {1-(S-bromo-4-oxe-3-phenyl-3,4-dihydroguinarolin-2-
yhethyloarbamate (230 mg, (.563 mmol) in DMF (3 mL) was chilore{2-
dicyclohexviphosphine-274",6 - trlisopropyl-1, V-biphenyl ) 2-(2~amino~1,1"-

biphenyl}ipalladium(Il} (38 myg, 0.055 mmol) avd DIEA (029 mL, 1.69 mmol). The mixture

&1
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was degassed under Ar. Acrolein {(0.076 mL, 1.13 mmel) was added, and the mixture heated
to 80°C for 10 howrs. The resction was poured into BtOA¢ and washed with HyO (),
Purified by flash chromatography (28 g silica, 0~ 30% BiOAc/hexane) to provide (8,E)-tert-
butyl (1-{4-oxo-5-3-oxoprop-1-en-1-v)-3-phenyl-3,4-dibydroguinazolin- 2«

vhethyhcarbamate.
{B0204]  Example 1h. Preparation of Componnd of Fornwla (1h)

{BO205] A Preparation of a Compound of Formmuda {1} in which n is 1, R is 3-{pyrrolidin-

f-vhipropyl, m is §, R is hydrogen, and R? is methyi
yiprapy 3 g 3

o

no & N
A solution of (8,Eptert-butyl (1-(4-0x0-5-{3-oxoprop- L-en-T-y1}-3-phenyl-1,4-
dihydroguinazolin-2-yhethyhearbamate (84 mg, 0.200 mmol) and pyrrolidine {excsss) in
EtOAe (1.5 mi) was charged to a flask containing 10%6 P&/C. The mixture was
hydrogenated under ambient pressure for 1.5 howrs. The catalyst was removed by filiration
and the filtrate purified by flash chromatography (12 g silica column, 0 — 14086
EidAc/hexane followed by 0 — 50% MeOH/DOM) to provide (Sitert-butyl (1-{4-ox0-3-

phenyl-3-{3-(pyrrolidin-1-yhpropy-3.4-dihydroguinazolin-2-vhethyhearbamate.
{08206 Hxample 11 Preparation of Compound of Formula (11)

[HOROTY AL Preparation of a Compound of Formula (1} in whichnis 1, R' is 3-oxopropyl,

mis §, R’ is hydrogen, and R is methyl

92
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To a sohation of (Stert-buiyl (1 5-hromo-4-oxe-3-phenyld, ddibydroquinazolin-2-
yhethylcarbamate (1.5 g, 3.38 mumol) 1o DME {10 mL} was added chioro(l-
dievelohexyiphosphine-2",6"-dimethoxy-1,1- phenyh{ -2 -amine-1,1%

hiphenyl Hipaliadium(I) (205 mg, 0.284 mmol) and DIEA (0.88 mL, .07 munel). The
mixture was degassed under Ary. Allyl aleobol (025 mi, 371 mnol) was added, and the
mixture heated to 120°C in microwave for 2 hours. The reaction was poured tato EtOAc and
washed with ag. NaCl (3x). Purification by flash chromatography (0 — 40% EiQAc/hhexane)
provided (Sitert-butyl (1 ~§4»@x@~§«{3«@mpmpyi}«"iwphmym14~dih§;’di¢3g§t§ina@;}i.iz‘grz“

vhethylicarbamate.
[90208] Example 1j. Preparation of Compound of Formula {1

3-

yod

1R0209] A Preparation of a Compound of Formda {(Iyin whichnis 1, R s 303

diftuoroazetidin-~yDpropyl, mis §, &7 is hydrogen, and 87 is methyl

&
A
Foe ™
\»N\:
™S ﬁ*"*\ﬂ
oS

To a solution of ()-tert-butyl (1-{d-oxo-5-(-oxopropyl}-3 <phenyl-3 4-dihydroguinazolin-2-
yhethylcarbamate (99 mg, 0.235 mmol} in BCM (3 mb) was added 3 3~difluoroazetidine
hydrochloride {40 mg, 0.303 mmol). Allowed fo stir at arbient temperature for one hour,
then sodium triacetoxvborohydride {65 mg, 0.305 munol) was added. Additional sodium

triscetoxyborohydride added as necessary until reaction was deemed complete by LUMB.
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Ag. NaHCOy was added, and the mixture extracted inte BCM (3x). The combined organics
were concentrated in vacue and purified by flash chromatography (4g silica column,
100% EtQAchexane) to provide (Si-tert-butyl (1-(5-(3-(3, 3-difluoroazetidin-1-yvipropyl -4~

gro-3-phenyl-3,4-dihydroquinazolin2-vi}ethylcarbamate.

{B8218] B, Following the procedure described in Exaraple 1} and Resction Scheme 1,

below compound of formuds (1} were prepared:
{S)tert-bustyl (1-{4-oxo-3-phenyl-5-3-{piperidin-T-yDpropyl)-3 d-dihvdroguinarolin-2-
yvhethyDearbamate;

{8 ptert-butyl (1-05-(3-(3,3-difluoropyrrolidin. L -v)propyt d-oxo-3-phenyl-3,4-

dibydroguinazolin-2-vhethy jcarbamate;

{Shtert-butyl (1-{5-3-{4 4-difluoropiperidin-1-yDpropyli-d-oxo-3-phenyl-3,4-

dibydroguinazolin-2-yvDethyl learbamate;

teri-butyl ({1 83-1-{5-(3-(3,S-dimethylmorpholino ypropyl}-d-oxo-3-phenvi-3,4-

dihvdrogquinazolin-2-vhethylcarbamate;

{(Sptert-butyl (1-(3-03,5-difluorophenyip-d-oxo-3-3-{pyrrotidin1 -vDpropyi-3,4-

dihydroquinazolin-Z-yliethyhcarbamate;

{8 )-tert-butyl {1-{3-3-(2,2-dimethylmorpholinojpropyli-4-oxo-3-phenyl-3,4-

dibydroguinazolin-2-yhethylicarbamate;

{8 tert-butyl {1-{5-(3-(3,3-dimethyimorpholino jpropyi}-4-oxo-3-phenyl-3,4-

dibydroguinazolin-2-yDethylicarbamate;

{S)tert-butyl (1-(8-fluorg-4d-oxo-3-phenyl-5-C~{pyrrolidin- L-yDpropy-3.4-

dibydroguinazolin-2-yDethylicarhamate;

{8 tert-butyl (1-(d-ox0-3-phenyl-5-(3-(2,2.6,6-tetrafluoromorpholino jpropyl -3 .4~

dihydroquinazolin-2-yhethyvDearbamats;

{S}-tert-butyl {1-{3-3-(3,3-difluoropyrrolidin-1-yhipropyl i-R-Huore-d-oxo-3-phenyl-3,4-

dibydroguinazolin-2-yviethyl jcarbamate;

{Stert-butyl {eyelopropyl{4-oxo-3-phenyi-5-(-{piperidin-T-ylipropyl}-3,4-

dbydroguinazolin-2-yhmethylcarbamate;

94
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(S tert-butyl (eyclopropyl{d-oxo-3-phenyl-5-(3 ~{pyrrotidin-1-ylipropyl)-3,4-

diydroquinazelin-2-yhmethylearbamate;

{S)}-tert-butyl {evelopropyl(8-Buoro-d-axo-3-phenyl-3-(3 “{piperidin-Loylpropylp3,4-

dibydroquinazolin-2-yiymethyl jearbamate;

{Syteri-butyl { eyelopropyi(-fluore-d-ox0-F-phenyi-3-{ 3-{pyrrolidin-L-ypropyl}-3,4-

dihydroquinazolin-2-vipnethyllcarbamate.

108211 Example 1k Preparation of Compound of Formula (1k}

R0212] AL Prepavation of a Compound of Formula (1 in whichnis 1, R s 3-

. . 5, 3. ‘
cvelohexviprop-1-en-1-¥], mis &, R is hydrogen, and R is methyl
R ft A < ? o o

-i‘""\

[:\ ,.] ™,
o \L

S G D
NG

P L
S \N‘;’? -

w oY
To a solution of (Si-tert-butyl {1-(8-bromo-4-0x0-3 ~phenyl-3,4-dihydrogninazelin-2-
yhethyDearbamate (300 mg, 0.675 mmol} in DMF 3 ml) was added Chioro(@-
Moyeloheryiphosphing 2,6 -dimethoxy-1,1 hiphenyhi 2~(2'-amine-1,1%-
biphenyl paliadium(ID) (50 mg, 0.0.069 mmeol) and DIEA (0.5% mb, 338 mmol}. The
mixture was degassed under Arn. Ally! oyelohexave (D21 mE, 1.33 mmol) was added, and
the mixture heated to 80°C for 18 hours. The reaction was poured fnto EtOAc and washed
with ag. NaC! (3x). The orgamic phase was adsorbed to isolute and purified by flash
chromatography (25 g silica, 0~ 30% EtOAchexang) o provide {3, Bert-butyl ({33~

cvclohexylprop-1-en-1-yl4-oxo-3-phenylsd,4-dth droguinazolin-2-yvhethyhicarbamate.
3 VIHOP 3 PO YATog hA e

882131 B. Pollowing the procedure described n Bxample 1k and Reaction Scheme §

below compound of formala (1K} were prepaved:

{8, F-tert-butyl 4-2-{1-{{ tert-butoxyearbonyhaminejethyl }-4-oxo-3-phenyl-3,4-

dihydroguinazolin-§-yljbhut-3-enoate;

a5
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(8, Ey-tort-butyl 2-(5-{4-{ert-butoxy4-oxobut-T-en- 1-v-4-0x0-3-phenyl-3,4-
dibydroguinazolin-2-vhipvrolidine- T-carboxviate;

{8, Extert-butyl 4-02-(1 {{tert-butoxyoarbonyljaminejethyl}-3-03, 5-di fluorophenyl4-0x0-3,4-

dibydroquinazolin-S~-yhibut-3-enoate.
{08214] Example 11 Proparation of Compound of Formula (110

{B0218] AL Preparation of & Compound of Pormula (11 in whichnis 1, R s 3-

cvelohexyipropyl, m is 0, R” is hvdrogen, and R s methyl
o F k o & H o

A solution of {8, E}-tert-batyl {1-(5-(3-eyeloherylprop-1-on- L -yl}-deoxo-3-phenyl-3,4-
difiydroquinazolin-2-yhethyhearbamate (274 mg, 0.562 mmol) in BtOAC (5 mL) was added
to a flask charged with 10% PJ/C. The mixture was hydrogenated at atmospheric pressure
tor 10 hours. Filtration provided (8)-tert-butyl (1-(5-(3-cyclohexylpropyl-4-nxo-3-phenyl-

3 4-dihydroguinazolin-3-yDethylcarbamate.

{B8218] B, Following the procedurs described in Example 1 and Reaction Scheme §,

below compound of formuda (1) were prepared:
{8 ptert-butyl 4-(2-(1-{{tert-butoxyearbonyl Jamino jethy -deoxo-3-phenyl-3 4-
dibydroguinazelin-S-yibhutanoate;

{S)-tert-butyl 2-(5-{4-(tert-butoxy}-4-oxobuty}-4-oxo-3-phenyl-3,4-

dihyvdroguinazoin-2-yDpyrroldine- L -carboxylate;
¥ YRS 3

{Shtert-butyl 4-(2-(1 {{fert-butoxycarbonyl jamdnojethyD-3-(3, 5-diffuorophenyl)-4-

oxo-34-dibydroguinazolin-S-yhbutanoate.

{02171 Example Im. Preparation of Compound of Formula (Im)

86
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[00218] AL Preparation of a Compound of Formula (1} in which nis 1, R s 8O,Me, 1o is

N LI : . _ . . ; -
1, R s F, B and R together with the atoms to which they are attached optionally form a

pyreolidine
%
e - .{,'f:'\
e NS
E”‘\\\ NS
5\\.:»}”'\ fofk‘,«*‘
i/
Oy’
im O

To a solution of (B}-tert-butyl 2-{S-bromo-3-(3-Heoropheny-4-oxo-3,4-dihydroquinazolin-
Z-yhpyrrolidine-1-carboxylate (460 mg, 0.94 mmol} in DME0 (3 mL) was added sodium
methanesulfinate (375 my, 3.7 mmol}, cesium carbonate {153 mg, 0.47 mmel), copper fodide
(72 mg, 0.38 mmol} and ($H-proline (87 mg, 0.75 mmol). The resulting mixture was
degassed under Ar, sealed, and heated to 93 °C. After 18 howrs the reaction was cooled,
powred into EQA, and washed with HaO (3x). The organde phase was dried over MgS04,
concentrated, and purified by column chrowmatography on silica ehnting with EtOAc in
hexanes (3-80%}) to afford {(Si-tert-butyl 2-{3-(3-fluoropheny}S-(methyvisulfonyl4-0x0-3,4-

dihydroquinazolin-2-vlipyrrolidine-T-cacbosylate, ES/ME sk = 4881 (M+H

{00219 B. Following the procedure deseribed in Bxample 1g and Reaction Scheme §,

below compound of formuda (1) were prepared:

{Sptert-butyl 2-03-2-fvorophenyl}-S-(methvisudfouy-4-oxo-3 4-dihydroquinazolin-2-
yhipyrrolidine-T-carboxylate

{Stert-butyl 2-03-(2, 6-difluoropheny-5-(methylsulfonyl)-4-ox0-3, 4-dihydroguinazolin--
vipyrrolidine- L-carboxylate

{&ptert-buty! (1-(3-{3-lluorophenyi}-4-oxo-S-(phenyisulfonyl)-3,4-dihvdroguinazolin-2-
yhethylicarbamate

{8 pert-butyl 2-(3-(3~-Roorophenyl}-4-oxo-5-{phenyisuifonyl -3, 4-dihydroquinazolin-2-
vhpyrrolidine- L-carboxylate

{038 Example In. Preparation of Compound of Formuda {(In}

97
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A. Preparation of a Compound of Formula (1) in which nis 1, R is S{CHLOH, m is LR

FoR s M, and R is Me

To a solation of (8)-tert-buty! (1-(3-bromo-3-(3-flucropheny-d-oxo-3, 4-dihvdroquinazolin.
Z-vhethylicarbamate (1100 mg, 2.38 mmol} and mercaptosthans! (.20 mL, 2.9 mumel) in
dioxane {12 mL} was added diisopropylethylamine (1.25 mL, 7.1 mmol}, Xantphos (193 mg,
.34 munol}, Pd{dbal, (96 mg, 0.17 munol} and (Sh-proline (87 mg, 0.75 mmol). The resulting
mixture was sealed and heated to 100 °C. After I8 hours the reaction was cooled, poured into
EtOAe, and washed with HaQ. The organic phase was dried over MgSO4, concentrated, and
purified by column clromatography on silica eluting with BtOAc in hexanes (5-1 U0%) to
afford (8)-tert-buty! (1-(3-(3-Huorophenyl}-5-{{2-hydroxvethyDthio-4-ox0-3,4-
dihydroquinazolin-2-yijethyDearbamate. BS/MS m/iz = 460.1 (M+H 1

B022Y B, Following the procedure deseribed in Example 1n and Reaction Scheme 1,

below compound of formula {1} were prepared:

{8 tert-butyl {3{S-{oyclopentylthio}3-(3-fluorophenyt-d-oxo-3, 4-dihydroguinarolin2-
vhethvhearbamate

{8 Mert-butyt (1-3-(3-Nuorophenyi deoxo-S-{o-tolyithio}3 S-dibydroguinazolin-2-
vhethyDoarbamate

{00332]  Hxample lo. Preparation of Compound of Formuda (1o}

A. Preparation of 2 Compound of Formula { D in whichnis 1, R is RO{CHROM, mis 1, R

N 3.
S E R H, and R s Me

b
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To a solution of (S)tert-batyl (1-3-(3-HuorophenyD-5-((2-h vdroxyethylihio)-4-0x0-3,4-
ditydroguinazolin-2-yhethyljcarbamate (1050 mg, 2.29 mumol) in THF (12 mL} and water (6
ml} was added Oxone (4.9 g). The resulting mixture was stirred 2t room temperature
overmght. The reaction was poured into ¥1OAe and washed with H2O. The organic phase
was dried over MpSO4 and concentrated to afford {Sitert-butyl (1-03 -(3~Huorophenyi}-3-({2-
hydroxysthylithio}-d-oxo-3 4-dihyvdroguinacolin-2-vDethyl learhamate, BES/MS naiz = 4921
MAEYL

[B0223]  B. Following the procedure described in Example To and Reaction Scheme §,
below compound of formuls (1) were prepared;

{8 prert-butyl (1-{5-{cyclopentylsulfony}-3-3~Buorophenyl - dooxo-3 A-dibydroguinazolin2-
yhethylicarbamate

(S ptert-butyl (1-(3-(3-fuorophenyl4-oxo-5-{o-tolylsulfonyl-3,4-dihvdroquinazolin-2-

viethyl lcarbamate

{00224]  Example Ip. Preparation of Compound of Formula {1p)

{02331 AL Prepavation of a Compound of Formula (1) in which nis 1, R s UL mis @, ®®
and R together are 4-(2,2~dfuoroscetamido)pyrrolidine- 1-y1 attached at the 2-position of

the pyrrolidine to the quinazolinone

29
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HATU (724 mg, 1.9 mmol}, diffuoroacetic actd (011 ml, 175 nunol), and DIEA (0.83 mL,
4777 mumol} were added to a stiming solution of {28 4R )tert-butyl 4-amino-2-{3-chioro-4-
oxe-3-phenyl-3 d-dihydroguinazolin-2-ylipyrrolidine-L-carboxylate (700 mg, 1.59 mmol} in
AUN (15 mL} atrt. After stirring for 3b the resulting mixture was guenched with NaHOD,
{sat} and the agueous layer was extracted with, The combined organic layers were washed
with brine, drisd over Ngp$Q4, and concentrated to give crude acetamide, Chromatography
{1:1, Hexanes/HEOAC) afforded the pure acstamide (28,4 -tert-butyl 2-(S-chioro-4-ox0-3~

henyi-3 4-dihvdroguinazolin-3-v14-(2, 2 -difluorcacetamidolpvrrolidine- L -carhoxviate,
ot o - s, o y

{08336] B, Following the procedurs deseribed in Bxample 1p and Reaction Scheme [,

below compound of formula (1) wers prepared:
{28, 4R Mtert-butyl 2-(5-chloro-3-(3,5-difluorophenyl}-4-oxo-3,4-dihvdrogquinazolin-2-yl 4.
{3, 2-diflvorcacetamido)pyrrolidine-1-carboxyiate;

{25 48 Mtert-butyl 2-(S-chloro-4-oxo-3-phenyl-3,4-dibydroguinazotin-2-v1}-4-£2 2, 2.

iriflucrcacetamidolpyrrolidine-l-carboxylate;

{25, 4R p-tert-butyl 2-{S-chloro-3-(3-{diflnoromethyl-S-Huoropheny-4-oxo-3,4-

dihydroguinazolin-2-y-4-(2, 2-diftuorcacetamidoYpyrrolidine- I -carboxylate;

28,4 ptert-butyl 4-(2, 2-diffuoroacetamidoy2-3-3,5-difluorophenyi}-S-Huoro-d-oxo-3, 4

dihydroguinazolin-2-yhpvrrolidine-1-carboxyiate;

{I8,4R -tert-butyl 4-(2,2-diftuoroacetamidod2-(3-{3-{dilvoromethyl}-5-Huorophenyl)-5-

fhuoro-d-oxe-3 4-dihydroguinazolin-2-vhpyrolidine- 1 -cavboxviate;

{28 4R -tert-butyl 2{3-chlore-3-G-{difluoromethyl}-S-fluorophenyi - 4-ox0-3,4-

dihydroquinazolin-2-y11-4-(2,2-diftuoroacstamido jpyrrolidine- L -carboxylate;

(28 AR »-tert-butyl 2-{S-chloro-4-oxo-3-phenyl-3 4-diydroguinazolin-2oyhd-{2-

cyclopropylacetamide ipyrrolidine- L -carboxylaie;

{08337} Example 1g. Preparation of Compownd of Formula (1)

[88228] AL Preparation of a Compound of Formula (D in whichnis L, R' s ClLm s o, B
and R together are 4-{2,2-diflooro-N-methylacetanido jpyrrolidine-1-91 attached at the 2-

position of the pyrrolidine to the quinazolinone

100
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Boo” Y OF
Solid NaH {60%, 29 mg, 0.72 muvol} was added to a stiming solation of {25,4R -tert-butyl 2~

{3-chloro-4-oxo-3-phenyl-3,4-dihydroguinazolin- 2oy 42,2+ -diflucroacetamido)pyreolidine-
-carboxylate (200 mg, (.36 mmel) in THF (5 mL)at 0 °C. After stiring for $ min.,
iodomethane {77 mg, 0.54 mumol) was added. The resulting solution was allowed to warm to
rt and stirred for an additional 4d. The reaction mixture was quenched with NaHCO, {sat}
and the aqusous layer was extracted with BtOAc, The combined organic | avers were washed
with brine, dried over Nap SOy, and concentrated to give (28 4R ptert-butyi 3-{S-chloro-d-oxo-
S-phenyl-3,4-dihydroquinazolin-2-y13-4-{2, 2-diffuoro-N-methylacetamido)pyrroliding- 1-

carboxylate that was vsed in the next step without further purification,
D028 Hxample 2. Preparation of a Compound of Fornmgla (2

10338 A, Preparation of a Compound of Formuda (2 in whichn is 1, RY is Suore, m is i,

R? s fluore, K is hydrogen, and R is cvelopropyt

o ' Ny N N
PP P
Rk,
2

180231 Trifluoroacstic acid (2 mL} was added to 2 solution of (8)-tert-butyl
{eyclopropyl{S-fiuore-3-(3-fluorophenyl}-4-oxe-3 4-dihydroguinasolin-
yhmethyhearbamate (0.3 g, 1 mumol) in dichioromethane (2 mL). The resuiting solution was
stirred at room temperature for 2 hours. The mixture was poured into saturated AGUROUS
NaHOO, and extracted with DCM, The organie laver was dried (Na;SO4) and the solvent
was removed i vacue to afford (8}-2-(amino(eyclopropylimethyl-$-fluoro-3-3~

fuorophenyllquinazolin-4{3H)-one.

G
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1362331 B. Following the procedure described in Example 2A and Reaction Scheme §,

below compounds of formuda (3} were prepared:
{§)-2-{amino{cyclopropylrnethyi}-4-030-3 3-phenyl-3,4-dilydroguinazoline-3-
carbonginle;

{§2-{mmino{cyclopropylimethyi}-8-Huoro-4-ox0-3 -phenyl-3,4-dihydroguinazoline-

S-garbonitrile;
{8)-2~{amino{pheaylmethyl}-S-chlore-3-pheny guinazolin-4(3H}-one;
(S)-2-{amino{cyclopropyimetiyl}-3-(3- {difheoromethy-S-fluorophenylpd-one-3,4~
dihydrogquinaroline-S-carbonitrile;

(8)-2-{mmino{cyclopropyimethylp3-(3- ~fiporophenyl)-S-{methyisulfonyDquinazolin-
4{3Hone;

{$)2-{amino{oyelopropylimethyl -3-{2 S-diffuorophenyl -5
4 YOIOPTODY ) ¥

{methylsutfonyquinazolin-4(3H one;

i

{§1-2-{amino{eyclopropyl methyi}3-{2~ Serophenyl}-S-(methylsalfonyl guinazolin.
4{3H})-one;

])-2-(amino{eyelopropylimethyh-6-fluore-3-(3-fluero shenyH8-todoguinazolin.
Prop PROTYE, 1

43t -one;
{9)-2~{amino{cyclopropyimethyD-6-flusro-] J-phenyl-8-iodoguinazolin-43H}-one;

{8)-3-amino-3-{S-chiore-3-(3 S-difluorophenyli-d-one-3,4-dipdroguinezolin-2-yip
N N-dirnethylpropanamide;

{8)-3-amino-3-{ S-chioro-4-oxo-3-phenyl-3 A-gihydroquinazolin2-yi-NN-
dimethyipropanamide;

(8}-3-(2-(aminn{eyelopropylmethyl-f F.pnethyl-d-oxoqiinarolin-3(4HFy}-3-

fluorobenzonitrile;

{832 {mnim{;:}fgﬁ.@pr@pyi}mmhyi}m:‘sw{B,Sﬁ?iﬂmmp}im,*‘Ef}mSnm@ﬁayiquimzoiinwei(}H.}m

QR0

(S}«E«(amizm{cyciﬁpmpyi)methyi}»5“@}(}1‘&“3»{395nﬁiﬁu@mphs&yi}s:;uinamii;w%{i% Hy

one;
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{8)-2-{aminc{cyclopropyDmethyl-S-Huore-3-(3, 5-difluorophenyl jauinueoin-43H -
On;
(8 p-2-{amino{cyclopropyl pnethyl}-6-faore-3-(3-fluorophen yhguinazolin-4(3H)-one.

S~chloro-3-{3,5-diloorophenyl}-2-({28 48 -4-methoxypyrrolidin-2~vDiquinazolin-

4(3H}yone;
{S}2-{1~aminoethyl }-5-{2-norpholinoethoxy}-3-phenyiquinazolin-4(3H)-one;
{S}-2-{L-aminoethyl 15~ 2-{azepan-T-yhjethoxyi-3-phenylquinazolin-4(3H-one;
{8}-2-{ -aminoethyl 3-phenyb-3-(2-(pyrrolidin- L-ylethoxyiquinazolin-4{ 3 H-one;

{S}-isopropyl 2-{{2-(1 -aminoethyi}-doxo-3-phenyl-3 d-dihydroguinazolin-g-
i

vioxyiacetate;

(8 32-(1-aminoethyl} 3+ 2-2-oxopyrolidin-T-yhethoxy)-3-phenyiguinasoln-4(3H)-

oHe;
{8 }-2-( T -amincethyl - 5-{2-(dimethylamino jethoxy - 3-phenyiquinazolin-43H)-one;
{83-2-(1-aminoethyl)-5-(2-oxo-2-{piperidin- 1-yhethoxy}-3-phenylguinazolin-4 (3H)-
one;

832~ L-aminoethyl}-5-(3-hydroxy-2-{hydroxymethyl b 2-methvipropoxyd-3-
PIOpORy

phenviguinazolin-4{3H one;
{&8)-2-{ T-aminoethyl}-3-phenyl-5-(2~{piperidin- L-yhethoxyiquinazolin-4(3H)-one;

{3)-2-{1-aminoethyl}-I-phenyh-5-(-(4-phenylpiperasio- LyDethoxy)quinazolin-

A3 H-one;

{8)-2-(F-aminoethyl}-5-(2-( Z-methyl-1 H-imidazol-1-vlethox vy} 3-phenylquinazolin.
43Hyone;

2-{{8}1-aminoethyl }-5-(2-{ L-methylpyrrolidin-2vilethox v)-3-phenviquinazolin-
4(3H}-one;

{8)-2-{ -amincethyt}-5-{{ 3-methyloxetan-3-yimethoxyi-3-phenylquinazolin-43H)-

onE;

(83-2-{ -aminoethy-53-(2-morpholino-2-oxosthoxyi-3-phenyvlguinazolin-4{3H)-ons;

Lo
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{8 3-2-(1-aminoethyl}- 5 2-(d-methyipiperidin- Tvvi}-2-ox0ethoxyi-3-
phenyviquinazolin-4 (3 -one;
(8 -3-(2-(1-aminoethyl}-4-oxo-3-phenyl-3,4-dihydroguinazolin-S-vipropanamide;

{8}-3-(2-{ L-aminoethyl }-8-fluoro-deoxo-3-phenyi-3, 4-dihydroguinazolin-5-
viipropananiide;

{83-3-2-{1-aminoethyl}-3-(3, 5-di fluoropheny}-§-fluore-deoxo-3 4~
dihvdrogquinazolin-S-ylipropanamide;

{8332~V -aminoethyl}-3-03,5-difluorophenyl)-4-0x0-3 d-dihydroguinazolin S«
yvilpropanamide;

{8 }-2-(-aminoethyl-3-phenyl-3-03-{pyrrolidine LylpropyDguinazolin-d(3H one:

{Sp2-(aminoethyl}-5-03-03, 3-difluoroazetidin-L-yhipropyl-3-phenviquinazolin-

A 3H-one;
{8 }-2-(I-aminosthyl}-3-phenyl-5-(3-(piperidin-L-yUpropyhiquinazolin-4(3 H}-one;

{8}-2-{ T-aminoethyl}-5-(3-(3,3-diffworopyrrolidin L-ylipropyl)-3-phenviquinazolin-
${3H}}one;

{8}-2-{ L-aminoethyl #-5-(3-(4,4-difluoropiperidin- I-ylUpropyl)-3-phenyviquinazolin-
4{3H}-oneg;

2-{{S)-1-aminoethyi }-5-(3-(3, 5-dimethylmorpholineypropyi-3-phenviguinazolin-

A 3H}one;

{8 )-2-{1-amincethyl}-3-(3, 5-difluorophenyl}-5-G-{pyrrolidin. -yl ipropyliquinazelin-

4{3H)-ong;

S-2-(V-aminoethy}-3-(3-{2,2-dimethyimorpholinejpropyl - 3-phenviguinazoline
. B

S3H pone;

{S}2-{ Laminoethyl}-5-(3-03,3-dimethylmorpholinopropyl - 3-phenylquinazolin.

43H}-one;

{8)}-2-{ L-aminoethyl - 8-fluore-3-pheny-5-(3-{pyrealidine L -yhpropyhquinazotn-

4{3H}one;
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(8)-2-(1-aminosthyl}-3-pheayl-5-(3-(2,2.6,6-
tetrafluoromorpholinoipropyquinazolin-4 (3H one;

{8} 2-{amino{oyclopropylmethyhy-3-phenyl 5+ 3-{piperidin- L-ylipropyliquinazolin-

4{3H}}one;

(§)y2-{amino{cyclopropylimethyi)}-3 ~phenyl-§-(-{pyrrolidin-L-yhpropyliquinazolin.

4(3H}-one;

{$3-2-{1-aminoethyl}5-(3-(3,3 ~diffuoropyrrolidine ovlpropyl)-8-fluore-3-

phenyiguinazolin-4(3H p-one;

{S)}-2-{aminof{cyclopropyl methyt-8-fhuoro-3 sphenyl-53-3-(piperidin-1-

yhpropyhiquinazolin-4d(3H}-one;

{5)2-{amino{oyclopropylimethyl)-8-fuore-3 -phenyi8-{3-{pyrrolidin-1-

vhpropyhguinazolin-4(3H-one!
(832 1-aminoethy - $-(3-cyclohexylpropyi-3 -phenylguivazolin-d(GH one
{S}“Em{amiidm»}?»yi}»S»{;hiﬁm«?sm{_%,Smdiﬁu:a'mgﬁh_eﬂyi}qum3:{.@&&«%{3&{}“6&}@;
(§)-2-(azatidin-2-y1}-S~chloro-3-phenylquinazo Hon-d{3Hone;
($14-(2-{ 1-aminoethyD-4-oxo-3-phenyl-3 A-ditrydroguinazotin-$-yhbutanoie acid;
{S}na@«{é&namuﬁ»g?ih@ﬁ}f%.ufzm(p};rm‘sidin~2»y‘§}»3,4~§.§hy§mquin zolin-S-viihutanoic acid;

(§3-4-{2-(1 -aminoethyl}3-(3, S-difluorophen wil-4-oxo-3, 4-dibydroguinazolin-3-

yibuanodc acid;
{S32-{ L-aminoethyl}-3-(3-Huorophenyi)-& {phenyisulfonyhguinazoia-4(3H}-one;

(S}—B{Eﬁ%éﬁﬁu@rﬁp’hﬁﬁfg‘i}ns~{me.ihjdsuifcsnyi}«Em{pyrmiidinﬁ~yi}quim;z@imw4§i%ﬁ)w

one;
{S}~3~{2mﬁ.uﬁmp}aeﬁzyi}~§~{m@ihy§suif@ﬂy§}m?in(@jmfeiifii11»2myii.}quinazoiiﬁné@{% Hone;
{0)3-3-(3-fuorophenyl}S-{methylsulfony 1-2-{pyrrofidin-2-yipuinazolin-4{3H pone;
(8)-3-{3-Puorophenyl}-3-{phenylsul fonyh-2-(pyrrolidin-2-viquinazohn-4{3H}-one;

{8)-2+{ L-aminoethy3-{3-fuoropheny-3-{{2 “droxvethylsutfonyquinazoiin.

43 Hong;
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one;

one;

one;

{32~ B-aminoethyl-3--HuorophenyD- S~ 2-hydroxyethyhihiolquinazolin 43 H -

{(8)-2-(-aminoethyl}-3-3-fluorophenyl}-3-{o-tolylsulfonyDquinazolin-4{ 3H}-one;

(8)-2-(-aminosthyl}-5-{cyclopentylsulfony-3-5-fuorephenylquinazolin-4(3H)-

{83-5-chloro-3-(3,5-diffuoropheny-2-{pyrrolidin-2-yhigninazolin-4(3 H}-one;

{8}-3-chlore-3-(3,5-dilluorophenyl-8-methyl-2-(pyrrolidin-2-vhiguinazolin-4{(3H}-

{5}-8~chloro-3-03, 5-difluorophenyl}-2-(pyrrolidin-2-yhiquinarolin-4(3H-one;
{8333, S-diffuorophenyD-S-methyl-2-{pyrrolidin-2-yhiguinazolin-4{3H -one;
{8}-3-(3-{difluoromethyliphenyl}-&-todo-2-{pyrrolidin-2-yiguinazolin-4 3 Hong;
{S)-8-iodo-3-phenyl-2-{pyrrolidin-2-vi igninazelin-d(3H -one;
{8)3-3-(S-chloro-4-oxo-2-{pyrrolidin-2-yDguinazolin-3(4H}-y1}-3-fluorchenzonitrile;

{83303, 5-diftuorophenyD-S-fluore-2-(pyrrolidin-2-yhguinazelin-4(3H one;

(S1-3-(5,8-dichloro-4-ox0-2-{pyrrolidin-2-vliguinazelin-3(4H)-

yhibenzenesulfonamide;

OIS;

S-chlore-2-{{28, 4R }-4-methyipyrrolidin-2-yi}-3-phenviquinazolin-4{3H-one;

S-chlore-3-(3,5-diflucrophenyl - 2-({28,4R -4 -fluorepyrrolidin-2-yDquinazolin-4{3H)

{8)-2-{1-aminoethyl }-5-chiore-3-03 S-diffuorophenyl juinazolin-4{3H }.one;
{(8¥-2-(1-amdnoethyl-S-chioro-3-phenyvigninazoelind{(3H one;
(R}-S-chloro-2-{ruorpholin:-3-y1-3-phenviguinarotin-4{3H)-one;

Sr2-(aminoethyl}3-03, 5-diftaorophenyly-3-Huoroquinazolin-4{ 3 H}-ong N-

{(3R,38}-5-{ S-chdore-3-(3, S-difluorophenvi}-4-oxo-3,4-dibydroquingzolin-2-vhipyrrolidin-3-

yip2,2-difluoreacetamide;

MN-{{3R,S8}-3-{ S-chloro-4-oxo-3-phenyl-3 4-dihydroquinazelin-2 - yDpyrrotidin-2-vl)-

2 3-diflucroacetamide;

108

B



WO 2015/200352 PCT/US2015/037234

N-{(38,58)-53-(S-chloro-4-oro-3-phenyl-3 4-dihydroquinazelin-2-yDpyrrolidin-3-yi)-

2,2, 2-mifluorcacetamide;

NGOR,S8M5-(3-3, S-difluorophenyl-5-flaoro-4-oxo-3 4-dihydrogquinazolin 2~

yhpverolidin- 39132 2-difluoroacetamide;

NA{OR, 55 1-5-3-(-{difluoromethyl - S~fluorophenyi - S-Hluoro-d-oxoe-3 4~

dibyvdroquinazolin-2-vlipyrrolidin-3-yi -2, 2-diftusrogcetamide;
N{(3R, 58} 5-(5-chlore-3-{3-(diflucromethy}-S-fluorophenyl-d-oxe-3 4~

dihydroguinazolin2-yHpyreolidin-3-y1)-2, 2-difluoroacetamide;

Neg{ 3R, 58)-5+(S-chloro-3-(3, 5-diflucrophenyl }4-oxe-3 4-dihvdroguinazolin-2-

yhpyreohidin-3-v13-2,2-diffuore-N-methyviacetamide;
N-{(3R,58)-5-(S-chlore-3-(3-{difluoromethyl - S-Hluoropheny d-oxo-3 4-
dibydroquinazolin-2-ylipyrrolidin.3-y1%-2, 2-diftuorcacetamdide; and

N-{{(3R,38}-5-(5-chioro-4-oxo-3-phenyl-3 d-dihvdroguinazolin-2-yhpyrrolidin-3-vi)-

Z-cyclopropvlacetamide,

{ME33]  Example 3. Prepacstion of g Compound of Formula (3)

[90234] A, Preparation of a Compound of Formula {3) in which B is ON, R® and R are
NHj, and X is 1 (2 4-damino-G-chloropyrimidine-S-carbonitrile)
ol
N i\
\J:f o i
HNT N N

{BUI3S]  Ammoniom hydroxide (20 mL) was added to a solution of 2,4.6-
trichloropyrimidine-S-carbonitrile (3.0 g, 24 mumeol} in dioxane (20 mL} af room temperature.
The schition was warmed to 30°C and stirred for 3 hrs. The reaction mixture was cooled to
10°C and water (30 mLU) 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) 1648,
162.6, 1818, 115.8, 77.6. BS/MS m/k = 1699 (Vi+HY

{00336 B Following the procedure described in Exaraple 3 and Reaction Scheme |, helow

compounds of formula (3) were prepared:
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S-chioro-&-fuoropyrimidine-2 4-diaming;
S-chloro-S-{methylsulfonyvDpyrimidine-2 4-dlamine;
Z-amine-4,&-dichloropyrimidine-S-carbonitrile;
Z-amino-4-chloro-6-methyipyrimidine-S-carbonitrile;
4-gmdne-2, &-dichioropyrimidine-S-carbonitrile;
4-arine-G-chlore-Z-methylpyrimidine-S-carhonitrile;
d-chloro-3-iodo-G-methylpyrimidin-Z-aming;
§-chioro-3-(IrifluoromethyvDpyrimidine-2 4-diamine; and
2 4-diamine-G-chloropyrimidine-S-carboxamide.

82371 . Preparation of 8 Compound of Formula 3) in which R? is O1, R® and R are
NH,, and X isF

NN TNM,
B0238]  To 24.5-irifluorepyrimidine (10 g, 75 munol) in acetonitrile (100 ml) cooled to
0°C 18 added cone NHLOH {380 mL} in three portions. Remove the cooling bath and aliow to
stiv at room temperature for 6 b followed by heating at 40°C overnight. Remove the solvent
in vacno to give 2 4-diamine-S-fluoropyrimidine. MeQH/EOH 250 mL, 1:1) is added to the
2 4-diamino-&-fuoropyrimidine and the mixture is cooled with an ice bath, NCS (13 g, 87
rnol} was added in portions. The tce bath was rerooved and the mixture stirred for 6 by
followed by heating to 50°C overnight. Approximately 78 mb of the solvent is removed in
vacuo and the reaction vessel is cooled to ~10°C. The solid is collected by Slration and
added to water {100 mL) and sttrred, The solid is collected by filiration and added to 0.1M
Na(OHE (100 mL) and stirred. The solid is collected by filtration to give 2 4-dlamino-S-chloro-

g-fluoropyrimidine.
{08138 Example 4. Preparation of 3 Compound of Formuda (I}

[B6240] A, Preparation of a Compound of Formula (D in whichnis 1, R is fluore, m is 1,

. 3, 4 5. 126 o Wity o
R is fluero, R is eyelopropyl, R is cyane, R is hydrogen, RY is Ni, and R is NH,
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pe4l]  (Sp2-(amino{oyclopropybimethyi-S-Booro-3-(3-HoorophenyDguinazolin-4GH)-
one {270 mg, 4.8 mmol} and 2,4-dlamine-G-chloropyrimidine-S-carbonitrile (120 mg, 0.7
mmol} were dissolved in ditsopropylethylamine (007 mL, 4.0 mmol) and iPA @ mL). The
resultant mixture was heated vsing 8 microwave to 130°C for 14 hours, after which time the
reaction was cooled to room femperatore, and the solvent removed in vacun. The resiche was
purified by chromatography eluting with (-100 % EiOAc/hexanes followed by (-20% MeQH
in Btdc to afford 2,4-damino-6-{{oyclopropyl(S-fluore-3-(3-flusrophenyli-deoxo-3,4-
ditydroguinazolin-2-yhimethyDamine ipyrimidine-S-carbonitrile (Compounnd 152 'H NMR
{400 Mz, DMSO-d) § 7.96 — 7.68 (m, 2H), 7.64 ~ 7.04 (m, 3H), 6.72 - 6.33 {m, 2H), 6.16
(s, 2H}, 4.61 {0, J=21.5, 7.0 Hz, 1H}, 149~ 121 (m, 1H), 030 {did, J= 117, 7.0, 2.0 Hx,
34, 012 (m, TH) BS/MS 461.2 (M+HT

{08242} B. Following the procedure described in Bxample 4 and Reaction Scheme §, below

compounds of formuda (1) were prepared:

002437 (832~{oyclopropyi{2,6-diamine-S-oyanopyrimidin-d-yhamino dmethyh-d-oxo-3-
phenyl-3,4-dihydroguinazoline-§-carbonitrile (Compound 1a). 'H NMR (400 MHz, DMSO-
dgy & 813~ 7.94 (m, 2K, 7.62 - 7.37 (m, 4H), 6.59 (s, 2H}, 6.46 {d, J= 7.6 Mz, 1H), 6.20 (5,
2H}, 4.74 - 4535 {m, 1H), 1.36 - 122 (m, TH), 0.49 - 030 (m, 3H), .07 — -0.07 {m, 1H)
ESMS 4501 (M+H)

{00244} (S)2-{cyclopropyl(2,6-diamine-S-cyanopyrimidin-d-yhamino methyl}-8-flaoro-
4-oxo-3-phenyl-3,4-dihydroguinazoline-S-carbonitrile (Compound 2a). 'H NMR {400 MHz,
DMBQO-dg} 8 816 (dd, J= 84, 4.5 He, TH), 799 {dd, J= 8.6, 8.4 He, 1H), 7.93 - 7.58 {m,
4H), 7.57 = 7.49 (m, 2H), TAR 733 Gm, 2H), 733 - 723 (m, 1H), 465 (1, S = 8.0 H, 1H),
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148 (ddt, S = 13.0, 7.9, 4.0 Hz, 1H), 0.57 - 0.35 (m, 3H), 0.16 — 0.03 (m, 1H). ES/MS 468.1
(MY,

{0348 (8)24-dlamino-6-{{(5-chloro-d-oxo-3-phenyl-3 ~i§w(1ihvg§§‘0quinamiiﬂu'?‘m
yhi{phenylimethyDamino pyrimidioe-S-carboniirile (Componnd 3a). 'H NMR (400 Mz,
DMSO-de} 8 7.99 ~ 6.97 (m, 14H), 6,60 - 6.51 {m, 1H}, 5.91 {dd, F=6.8, 1.2 Hz, 1H), 4.54 -
3.39 (hr m, 4H)L BR/MS 495.1 (MY

[0848]  (Sp2-{oyclopropyl{(2,6-diaminoe-S-cyanopyrimidin-4-vl Jamino Jmethyl1-3-(3-
{difluoromethyl}-S-Tuorophenyl}-deoxo-3,4-dihydroguinazoline-S-carbonitrile (Compound
day “H NMR 400 MHz, DMSOY§ 8.17 - 8.00 {m, 3H}, 798~ 7.47 {m, 6H), 7.47 - 7.28
{m, 2H), T26 - 679 (m, 1H), 460 {g, J = 8.3 He, TH), 165 ~1.44 {m, 1H), 0.65 - 0.40 {m,
3H), 031 - 0.07 (m, 1H) BS/MS S18.1 (M+HYy

[B0247] (832 4-diamino-6-{{cyclopropyl(3-(3-fuorophenyl - S<(methylsulfonyii-4-0x0-

3 4-dihydroquinazolin-2-yl imethyDamino jpyrimidine-S-carbonitrile {(Compound Say
NMR (406 MHz, DMESOY8 836 - 830 (m, TH), 8.14 - 8.08 {m, 2HY, 7.91 {brs, 4H), 7.61 -
TA7 (o, 1H), 747 730 m, 1M, 7.24 - 734 fmy, TH)L, 7 -7.03 (m, TH), 4.65 ~ 4.68 (m,
iH), 349 (s, 3H), 160 — L4S (m, TH), 060 — 038 {m, 3H, 033 - 0012 (o, 1HD. BS/MS
200 (M),

{B9248]  (8)-24-diamine-6-{{cyclopropyi(3-(2-fluorophenyl}-S-(methyvisulfonvi4-oxo-
3,4-dikydroguinazolin-2-yhmethyl Jaminoypyrimidine-S-carbonitnile (Compound 17a-1) 'H
NMR (400 MHez, DMSOY & 834 {dd, J =87, 2.3 Ha, 1H), 8.16 - 8.08 {m, 2H), 7.90 - 7.56
{am, AHY, 7.50 - 7.38 (m, 4H), 721 (ddd, J = 8.2, 6.3, 2.3 Ha, 1H), 4.55 - 4.48 {m, 1H), 3

{8, 3H}, 146 {dt, J = 8.9, 5.0 Hz, 1H), 0.59 - 0.50 {m, 15}, 0.49 ~ 0.35 {m, ZH), -0.04 = -0.12
{m, [H), BS/MS 5251 (M+H Y,

882491 (8)24-dlamino-6-{{cyclopropyi(3-(2-fluorophenyl)-S-(methylsalfonyl-4-oxo-

3 d-dibydroguinazolin-2-yhmethyllaminejpyrimidine-S~carbonitrile (Compound 178-2): 'H
NME (400 MHz, DMSCY & 8.44 (br s, ZH}, 836 - 8.32 {m, 2H), 8.20 ~ 8.06 {m, 2H), 7.85
{brs, ZHY, TOS (8, J = 7.6, 1.4 Ha, 1H), 739 <722 (o, 2HY, 713 (ddt, J = 9.5, 8.0, 1.3 Mz,
LR, 478 - 4.56 (m, 1H), 348 (5, 3H), 165 (gt /=89, S.0 He, 1H), 082 (8,7 =87, 4.9

11g



WO 2015/200352 PCT/US2015/037234

Hz, THY 044 (ddp, J= 131, 8.0, 4.7 He, 2H), 030 (dg, J = 10,0, 4.9 Hz, 1H). B/MS 5211
(VY

IS (k& d-diamine-6-{{cyclopropyl(3-{2,6-diffucrophenyl-S-{methylsulfonyl}-4-
oxo-3,4-dihydroguinazolin-2-yhmethyamino lpyrimidine-3-carbonitrile (Compound 6a); 'H
NMR (400 MHz, DMS(O3 8 846 (brs, 1H), 836 (dd, /= 5.1, 3.7 Hz, 1H), 819~ 8,13 6,
AR 771 {bra, 3HYE 746 - 738 (m, 1HYL 728 (4, = 9.1 He, 1H), 7.08 (4, J = 8.8 Hz, 1H),
482 (4= 8.7 He, TH), 3,49 (5,7 = 3H), 174 - 1.62 {m, 1H), 0.72 — 0.63 (m, 1H}, 0.46 {m,
2HD, (.14 (m, 1D, BES/MS 5300 (M+HTY

B33 (8)24-diamino-6-{{cyclopropyl{6-fhuore-3-(3-fluoropheny-8-ivdo-d-ox0-3,4-

dittydroquinazolin-2-vimethyljamino )pyrimidine- S-carbonitrile;

0382 (S 4-diamino-&-{{cyclopropyl(B-fuoro-3-phenyl-Z-iodo-d-oxo-3 4«

dihydroguinazolin-2-yhmethyDamine jpyrimidine-S-carboniteile;

{BOI83] (5p3-(S-chlore-3-(3, S-diftuorophenyi}-4-oxo-3 d-dihydroguinazolin-2- v 3-{{2,6-
diamino-S-cyanopyrimidin-4-ylamine N, N-dimethylpropanamide (Compound 9a): 'H
NMR (400 MHz, DMSO) & 7.89 (b, 1H), 782 (4, J= & Hz, 1H), 7.66 ~ 7.62 (m, 2H), 7.38 -
7.32 {m, 1H), 729 - 7.26 (m, 1H), 718 - 714 (m, 1H), 5.28 (o, 1H), 3.02 6, 3H), 2.76 (s,
3HL 2.69{d, J= 4.4 He, 2H), 265 (d, 7= 4.8 Hz, 2H). ES/MS 540.2 M+H Y

00254]  (833-(S-chlovo-4-oxo-3-phenyh-3 d-dihvdroguinazolin-2-y-3-({2, 6-dlaming-5-
cyanopyrinidin-4-yianine N, N-dimethylpropanamide {Compound 10a): 'H NMR {400
MHz, IIMSC} 3 7.89 (bs, 1H), 780 (t, /= & Hz, 1H), 7.65 - 7.59 (m, ZH), 7.55 - 7.51 G,
THY, 742 = 731 (m, 4H), 523 (m, TH), 3.00 (s, 3H), 275 (s, 3H), 2,66 {4, J= 4.8 Hg, 2H),
2.62 {d, J=4.8 Hz, 2H). ES/MS 504.2 (M+HY

BORISS] (S»24-diamine-8-({(3-(3-cyano-S-fuorophenyl}-S-methyl-d-oxo-3,4-
ditydroguinazolin-2-yi}eyclopropyl imethyDamine jpyrimidine-S-carbonitrile (Compound
T1a), 'H NMR (400 MUz, DMSC-ds) § £33 ~ 7.94 (i, 3HY 798 - 779 (m, 3H), 768 - 7.59
(o, THY, 7.55 - 7.43 (m, 1H), 745 - 7.29 (m, 1H), 444 {dt, J= 20,0, 8.2 Hx, 1H), 27244, 7
= 1.1 He, 3H)Y 136 (6, F=13.3, 6.5 Hy, TH), 0.64 — 0.38 {m, 3HY, 030 - 0.16 {m, 1H)
HS/MS 482.3 (M+H .

i
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HR8E561  (5»2.4-diamino-6-({eyclopropyl(3-(3,5-difluorophenyl}-S-methyi-d-0x0-3 4~
diydroquinazolin-2-yhmethylamine jpyrimidine-S-carbonitrile {Compound 128). 'H NMR
{400 MHz, DMSO-de} 8 7.73 {dd, J= 8.1, 7.4 He, 2H), 7.68 - 7.52 {m, 2H), 748 - 7.29 (m,
IHL 732709 (m, 2H), 689, J=94 Hz, 2H), 4535 (. J=80Hy, 1ML 2.72{d, J=08
He, 3H), 153 {d, /=88 Hy, 1), 0.08 - 038 (i, 3H), 033 — 011 {my, 1H). BS/MS 4756
(VHHTY,

{Be287) (82 4-diaming-6-{{{S~chlore-3-(3,5-difluorophenylde-oxe-3 4~
ditiydroguinazolin-2-yi{oyclopropyl ruethyamino jpyrimidine-S-carboniirile (Compound
13a) 'H NMR {'-»"3\{}{} MHz, DMSQd} 8 789 - 778 (m, THY, 771 (4, 7= 8.2, 1.2 Hz, 1H),

7.62 (dd, J=7.8, 1.2 Hz, 1H), 7.55 — 7.36 {(m, 1H), 7.02 (&, J= 9.3, 2.4 He, 1H), 6.98 (dd, J
= 9.0, 2.6 Hz, 1), 4.54 (1, J= 8.1 Hz, 1H), 1.52 (dq, J= 8.1, 4.2, 3.3 Hz, 1H), 0.64 - 0.36

{r, 3H), 034 ~ 0.06 {m, TH). ES/MS 495.9 (M+H"g:

[O0ISE] (83 d-diamine-S-{{oyclopropyl(3-(3,5-diflvoropheny)-S-fluoro-d-oxo-3 4~
dibydrogquinazolin-2-vhimethyDamino pyrimidine-S-carbonitrile {Cumpouﬁé 1da). THNMR
{400 MHz, DMSO-dg} 8 7.91 (1d, J= 8.2, 5.5 He, 1H}, 7.86 - 7.52 {m, 2H), 7.52 -~ 7.33 fm,
JHR 724, J=93, 24 He, TH), 7,13 - 687 (my, 1HL 458 (L /=80 Hy, 1H), 1.53 (ddd, 7
= 13,1, 8.8, 3.2 He, TH), 0.66 « 429 {m, 3HL, 031 - 0.17 (m, 1H). ES/MS 4702 (M+HY);

and

BEASE] 83 d-dimminoe-6-{{oyclopropyvi{(é-Tuore-3-(-fluorophenyl}-d-oxo-3 4«
dibydroquinazolin-2-vhimethylamine pyrimidine-S-carbonitrile {Compound 18a), 'H NMR
{400 MHz, DMSQG-d} 0 8.01 - 7.63 (mm, 3H), 7.61 - 7.43 {m, 2H}), 743 - 7.24 {m, 2H), 7.27
- 681 (o, 3H), 455 (3, F= 18,0, 8.0 He, TH), 147 {dd, = 15.0, 78 Hz, 1H), 0.864 - 0.23
{m, 3H), 0.23 ~ 0.04 {m, 1H). BS/MS 4611 (M+H Y (831201 -{{5-acetyl-2,6-
diaminopyrimidin-d-yDaminoethyl)-5-chlore-3-3,S~difluorophenyliguinazolin-4{3H}-one

{Compound 18a).

iz
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1083607 24-dlamino-6-{{283-2-(5-chlore-3-(3, S-diffuorophenyl }-4-0x0-3,4-
dibydroquinazolin-2-yik4-methoxypyrrolidin- L-ylpyrimidine-5-carbonitrile {Compound 19)
"H NMR (400 MHz, DMSO-ds) § 7.73-7.69 {m, 3H), 7.54-7.47 {m, 343, 7.21 {broad 5, 2H),
4.67 {br s, TH}, 4.34-4.29 {m, 1H)}, 3.99-3.94 {m, TH), 3.72-3.70 {ny, TH), 3,19 ¢, 3H) 2,18
2,83 Gy, TH), 197-1.92 {m, 1H) BS/MS 5253 OM+ED

Ny
(20

00261 8)32-01-({$-amino-S-bromo-2-methylpyrimidin-d-yHamineethy-S-chlore-3-
phenylguinazolin-4{3H}-one {Compound 2¢). "H NMR {400 MHz, DMSG-d) § 7.82 - 7.75
(m, IH}, 7.65{dd, /=82, 1.2 He, TH), 7.61 - 7.58 {m, 3H), 749 - 730 {m, 3H), 4.91 (4, 4=
T3 He, TH, 209 {8, 3H, 137 (d, /=67 Hz, 3H).

P13
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26T} (SR2-(-{{f-amino-S-bromo-Tamethylpyrimidined-ylamine bethyl-5-chloro-3-
{3,5-difflvorophenyDguinazolin-43H-one (Compound 21} 'H NMR {400 MHz, DMSQO-ds)
8785~ 778 (m, 1H), 708 (dd, J= 8.2, 12 He, 1H), 762 (dd, /= 7.8, 1.2 Hz, 1H), 7.57
TEY {m, 1M, 43 - 733 (my, 1H), 716 - 710 (m, TH), .09 (dd, 7= 7.8, 6.4 Hz, 1H), 220
{s, 3H}, 142 (d, /= 6.7 Hz, 3.

Ny o
{08263 (S)r24-diamine-0-{{1-(3-(2-morpholincethoxyy-d-oxo-3-phenyl-3 4+
dihydroguinazolin-2-ylethyljamino)pyrimidine-S-catbonitrile {Compound 22). 'H NMR
{400 MHz, DMSO-dg) & 8.59 (5, 1TH), 782 (1, =82 He, 1H), 7.60 - 712 (brm, 2H), 7.57 -
T.39 (m, SHY, 735 {dd, J=8.2, 0.9 He, 1H), 7.21 (dd, J= 83, LOHz, 1H), 7.09 - 6.74 (br m,
ZH), 488 - 473 (m, 1H}, 4.46 {g, /=49 Hz, 2H), 3.87 (d, /= 129 Mg, 2H), 3.62 - 3.41 (m,
6HY, 3.27 - 3.10 (m, 2H), 1.30 (4, J= 6.6 Hy, 3H). ES/ME 5282 (M.

o0 If\g
':.,.-*’l \\r‘,.v‘ N..v %,ﬁ
\\\;”f’:i\ N = ;f’i
HN\Y;'N\\ M

i

» f.w"r.\.\{;':"' N
NF

MNH. (23)

[dedl (832, 4-diamino-6-{{1-{5-(-{arepan- I -vlethoxy-d-oxo-3-phenyl-3,4-
dibydroquinazolin-2-yhethyljamino)pyrimidine-S-carbonitrile (Compound 23), 'H NMR

{400 MHz, DMSO-d} 8 9.12 {5, TH}, 7.82 (£, J= 8.2 He, 1TH), 7.63 - 7.22 (v m, 2H), 7.56 ~
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737 (m, SH), 7.34 (dd, F=8.2, 1.0 Hz, 1H), 7.21 - 6.84 (b, 2H), 7.19 (44, J= 83, 1.0 Hz,
TH), 450 ~ 478 ¢m, TH), 4.46 (g, J= 5.1, 4.5 He, 2H), 3.54 (g, / = 4.8 Hz, 2H), 3.52 - 3.40
(v, 2D, 335 - 3.21 G, 2H), 1.8 - 1.67 (m, 28D, 1.67 — 1.53 (m, 2H), 1.53 — 1.40 {en, 45D,
.31 ¢d, J= 6.6 Hz, 3H). ES/MS 540.3 (M+HY,

{00365] (832, 4-diamino-6-{{1-(4-oxo-3-phenyl-5-C-{pyrrolidin- T -yDethoxy)-3,4-
diiydroguinazolin-2-yDethyljamino)pyrimidine-S-carbomitrile {Compound 24). 'H NMR
{400 MUz, DMSO-ds) § 9.56 (5, 1H), 780 (6, S =83 He, 1H), 7.59 - 7.08 (brem, 2H), 7.55 -
T8y, SHY, T33{d, J= 8.3 He, TH), 7.20 - 704 {m, 1H), 7.02 - 6.64 {brm, 2H), 4.85 ~
474 {m, 1H}, 444 —4.30 {m, 2H), 3.64 - 3.53 (m, 4H), 3.23 - 3.08 (m, 2H), 2.00 - 188 (m,
ZH), L83 - 165 {m, ZH), 129 (4, /= 6.6 He, 3H). ES/MS 5122 {M+H

. o
. ";.: ’_"r o
N

NHg 383

{B0366]  (Brisopropyl 2-(2-(1-{{2 6-diamino-S-cyanopyrimidin-4-vDamine jethy-4-oxo-
3-phenvl-3 4-dihydroquinazolin-S-yloxyiacetate ({Compound 251 'H NMR {400 MHz,
DMSO-de} 8 770 (1, J= 82 He, 1H}, 7.57 - 731 (m, TH), 7.24 (dd, J = .2, 1.0 Hz, 1H,
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6.91 (dd, J= 8.4, 1.1 Hz, 1H), 5.02 — 4.89 (m, 1H), 4.83 ~ 4.74 {m, 3H), 129 ¢4, /= 6.6 Hz
3H), LR {d, J= 6.2 He, 6H). BS/MS 5152 (M+H).

3

HgN {26}

3T (82 4-diamine-6-((1-{4-0%0-5-(2-{2-oxopyrrolidin-Tyliethoxyi-3-phenyl-3,4-
ditydroquinazolin-2-ylethyDamine jpyrimidine-S-carbonitrile {Compound 26}, H NMR
(400 MHz, DMSO-dg} § 7.97 - 712 (brm, 4H), 7.72 (4, J = 8.2 He, 1H), 7.55 - 7.35 {m, §H),
7200, J= 8L, 08 He, TH), 7.07 (dd, J= 8.4, 11 He, 1H), 487~ 475 fm, 1H), 413 {1, J =
5.3 He, 2H}, 355~ 3.47 (m, $H), 214 (4 J=8.1 Hz, 2H), 1.81 {p, /= 7.5 He, 2H), 1304, J
= 6.5 He, 3H) ES/MER 326.2 (M+H

[ﬁ h
o o
o 0 =%
! H i
i J i i
N 'f"\b\\*t_.«‘"‘

e8] (Spdd-diamino-6-{{1-{5-2-{dimethylaminojethoxyi-4-ox0-3-phenyl-3 4
dihydrogquinasolin-2-ylethyDaminopyrimidine-S-carbonitile (Compound 27). 'H NMR
{400 MHz, DMSQ-dg) 8 949 (brs, 1H), 7.79 (1, 7= 8.2 Hz, 1H), 7.58 ~ 7.38 (m, SH), 7.4%8 -
716 (brom, 2H), T30 (dd, J= 8.1, 0.9 He, 1H), 714 (dd, J= 8.4, 1.0 He, 1H), 6.50 (br s, 2H),
4.84 — 471 (m, TH), 4,44 - 436 (m, 2H), 3.50{q, J=4.6 Hz, 2H), 2.89 (s, 31}, 2.88 (5, 3H),
£.29¢d, 7= 6.8 Hz, 3H), ES/MMS 486.2 (M+H.

116
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{00268 (5)-2,4-diamino-6-{(1-(4-oxo-5-{Z-oxo-2-(piperidin- L-yDethoxy)-3-phenyi-3,4-
dihydroguinazolin-2-yhethyDamino jpyrimidine-3-carbontirile (Compound 28). 'H NMR
(400 MHz, BMSO-de) 8 7.91 - 6.81 (brm, 4 Hy, 7.69 (ddd, J=18.2, 7.4, 1.0 Hz, 1H), 7.45 {d,
JulLE 88 He, SHY, 720 (dy Je= 8.0, L He, TH), 690 (4, /= €3 Hz, 1H), 4.88 (s, 2H),
4.85 - 497 (m, TH), 3.44 - 333 (o, 4H), 158 — 1.34 G, 8H), 1.30 (4, J = 6.5 Hz, 3H).
ES/MS 5340.2 (M+H)

HO

MO

N a9
BT (832 4-dlamine-6-{{ 1-{3-(3-hydroxy-2-(hydroxymethyl}-2-methvipropoxyi-4-
oxo-3-phenyl-3,d-dihydroquinazolin-2-yljethyDamine pyrimidine- S-carhontirile {Compound
291 'H NMR (400 MHz, DMSO-de) § 7.93 - 6.81 (bram, 4 HY, 7.73 (4, = 82 He, 1R, 7.58
= 7.36 {m, 3HY, 719 (dd, J = R.2, 0.8 He, 1H), 7.04 (dd, = 8.5, 1.1 He, 1H), 484 - 472 {m,
FELY, 388 (s, 2H}, 346 - 331 (m, 4H}, 1.30¢d, J= 6.6 Hz, 3H), 0.87 s, 3H). BS/ME 517.2
(MAHN,

yrrsts
ot
$
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Mg (30

a7 (82 4-diamine-8-{{1-{4-0x0-3-phenyl-5-2~(piperidin-1-vlethoxy)-3,4-
dihydroguinazelin-2-yhethyllaminopyrimidine-S-carbonitrile {Compound 303 "H NMR
{400 MHz, DMSQO-ds) 8 8.06 (br g, 1H), 7.82 (t, J= 82 Hy, 1H), 7.63 ~ 7.24 (brm, JH), 7.56
~7.39 {m, SHL 734 {dd, J= 8.2, 0.9 Hez, 1H), 720 {dd, /=183, L0 Hz, 1H), 7.01 {brs, 2H),
4.90 —4.78 {m, 1H}), 4.50 - 4.38 {m, 2H}, 3.56 {(d, J= 122 Hz, 2H), 348 (g, /= 4.9 Hz, 2H),
289 {q, J= 113 He, 3H), 170 {d, J= 143 Hz, 2H}, 1.62 - 141 {m, 3H), 1.37 - 1.26 (m, 1R,
1.31 €d, J= 6.7 Rz, 3HL BS/ME 8263 (v+HY

Ho 31

0TI (832 4-diamino-6-{{1-{4-ox0-3-phenyl-5-(2-{$-phenylpiperazin- 1-viethoxy 3,4~
dihydroquinazotin-2-ylethyamino lpyrimidine-S-carbonitrile (Compound 31). 'H NMR
(400 MHz, DMSOwds) 8 950 (5, 1), 785 (4, J= 82 Hy, TH}, 779 - 729 {m, §H), 7.29 -
719 {m, 3H}), 7.03 (brs, 2H}, 6.92 (dd, J = 8.4, 12 He, 2H), 687 (4, J= 7.3 He, 1H), 4.91 ~
479 {m, 1H}, 4.58 - 4.44 {m, IH), 3.77 - 3.536 {tm, 6H), 3.38 - 3.2 (m, 2H}, 2.90 - 2.74 {m,
2H), 131 {4, 7= 6.8 Hz, 3H). BR/MS 603.3 (M+H.
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[0273) (332 4-diamine-6-{{1{5-(-(2-methyl- 1 Heimidazol Lyl ethoxy4-0x0-3-phenyl-
3 A-dibydroquinazolin-2-yhethyl Jamino)pyrimidine-S-carbonitrile (Compound 32). 'H NMR
{400 MHz, DMBO-d;) § 7.87 (d, J= 2.1 He, 1H), 7.84 ~ 7.55 {brm, 2H), 777 {4, /= 8.2 He,
I}, 755 - 738 {m, 6H), 740 - 708 (v, 2H), 7260 (dd, J=82, 0.9 He, 1H), 7.04 (dd, J =
8.5, 1L.O Hz, TH}, 4.88 ~ 476 {m, 1H), 4.56 - 4.47 (m, 2H), 4.45 — 436 (m, 21, 2.62 (s, 3H),
1304, J = 6.6 He, 3H)., BS/MS 8232 M+

{068274] 2. 4-dlamuino-8-({{183-1-(5-C-( -methylpyrrolidin-2-yljethoxy-d-ox0-3-phenyl-

3 4-diydroquinazoin-2-yhethyDamino pyrimidine-S-carbonitrile {Compound 33). 'H NMR
(400 MHz, DMSO-ds) & 8.534 - 930 {m, TH), 7.83 - 7.6% {m, 1H), 7.57 - 7.36 {m, SH), 7.20 -
6.51 {brm, 4 H), 7.27 - 7.08 (m, 2H), 5.13 ~4.93 {m, 1H), 486 - 4.71 {m, 1H), 3.84 -3.29
{m, 2H}, 329 - 3,13 (m, 1H}, 313 - 2.96 {m, TH), 2.76 - 270 (m, 3H}, 2.29 - 1.57 {m, §H),
£.34 — 1.24 {m, 3H). BS/MS 526.3 (M+HL
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N, (34)

02781 (832 d-diamine-6-((1-{5-{{3-methyloretan-3-vhmethoxy-4-ox0-3-phenyi-3,4-
dihydroguinazotin-2-yDethylamino jpyrimidine-S-carbonitrile {Compound 34). "H NMR
{400 MHz, DMSOQdg) § 770 (L = B2 He, 1H), 7535 - 738 (i, §H), 718 (dd, =82, 09
He, 1H}, 7.00{d, J=8.1 He, IH), 874 (4, J= 7.0 He, 1), 6.53 {5, 3H), 6.23 {5, 2H), 4.68 -
4,58 {m, 1H), 446 {d, J= 5.7 He, ZH), 421 {dd, =587, LO He, 2H), 411 {5, 2H), 134 {5,
AHy, 122 (4, J= 6.7 He, 3H}L ES/ME 490.2 (M+H.

\l
Moo "f’:\‘ﬂ
f’f R wo’g\ N "’%”"
L N

2781 (S3-2,4-diaminoe-6-{{1-{5-{2-morpholine-2-oxoethoxy)-4-oxo-3-phenyl-3,4-
dihydroguinazolin-2-ylethyDaminopyrimidine-S-carbonitrile (Compound 351, 'H NMR
{400 MHz, DMBO-dg) 8 7.97 (s, 1H), 7.77 (or g, TH), 774~ 7.64 (m, 1H), 7.63 - 7.09 by
m, 2H), 7.62 - 7.26 {my, SH), 7.25 - 715 (m, 1H), 6.97 - 6,88 (m, 1H), 4.98 - 4.88 {m, 2H},
489 — 445 {m, 1H), 3.61 - 331 {m, 8H), 136~ 1,16 m, 3H). BESMS 542.2 M+
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N g

HeATT (Sr2A-diamino-6-{1-{5-(2-{(d-methyipiperidin- 1 -yl-2-oxosthoxy)-4-ox0-3-
phenyl-3,4-dilydroquinazolin-2-yhethyDaminejpyrimidine-S-carbonitrile (Componnd 36}
HONMR (400 MHz, DMSO-do) 3 807 - 7.54 {brm, 2HY, 7.69 (0, 5= 8.2 He, 1H), 7.58 - 7.31
{mm, SH), 749 - 6.92 (brm, 2H), 720 (dd, J= 8.1, 0.9 M, 1H), 5.89 (dd, J= 8.3, 1.0 Hz, 1H),
4.89 (s, IH), 486 - 478 (m, 1H}, 423 {6, J=13.0 He, 1H), 382 (4, 7= 13.6 Hz, 1H), 2.96
(4, F= 128 He, 1H), 2.59 - 248 (m, TH}, 164~ 148 {m, 3H), 130, J=6.6 He, 3H), 116
~0.88 {my, 2H), 085 (¢, J=&.1 He, 3H). BS/MS 554.3 (M+H

[BORTRY  (8)3-(2-(1-{(2,6-dlamino-S-cyanopyrimidin-d-ylaminelsthyl }-4-oxo-3-phenyl-

3 d-dihydroguinazolin-S-yhpropanamide (Compound 373 'H NMR (400 MHz, DMSO-3) 8
B04 - 689 (brm, 4H), 773 (dd, J=8.1, T4 He, 1H), 7.55¢dd, J= 82, 1.2 He, 1H), 7.53
TAT {m, SHEL T34 {dd, J=7.6, 1.3 Hy, TH), 715 (g, 1H), 6.69 (s, 1H), 4.94 - 4.82 (m, 1K),
334, =76 He, 2H), 2.37 - 228 (my, 2H), 133 (4, J = 6.6 Hz, 3H). BES/ME 4702
{M+H)
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08T (SR3-2-(0-{(2,6-diamino-S-oyanopyrimidin-4-yDamino Yethyl - 8-fluoro-4-oxo-3-
phenyl-3 4-dihydroquinazolin-5-ylipropanamide (Compound 3¥). 'H NMR (400 Mz,
DMBO-de) 8 7.89 - 745 (br o, 3H}, 7.62 (dd, J= 10.0, 8.4 He, 2H), 7.52 ~ 7.44 (m, 2H),
A4 - T35 (m, 3HY, T30{dd, = 8.4, 5.0 He, TH), 713 {5, 1H), 6.67 {5, 1H), 4.93 — 4.82 {m,
I, 337 (= 7.5 He, 2H), 233 - 224 {m, 2H), 132 (0, J= 6.7 Hz, 3H). BR/MS 4882
M+HH

\\E:,::::i‘ N“ \\:!f
F HN. N NMy
f N
A w
N

Be288 (533212 6-diaming-S-cyanopyrimidind-yDaminedethvl 1-3-(3,5-
diffucrophenyl}-8-fluore-4-oxo-3,4-dihydroquinazolin-5-yhpropanamide {(Compound RN
H NMR (400 Mz, DMSC-ds} § 7.76 - 6,79 {br m, 4H}, 7.65 {dd, /= 10.0, 8.4 Hz, 1},
TA4{d, J=0.2 Mg, 1H), 7.36 - 7.23 (m, 2H}, 7.21 - 7.07 (m, 2H), 6.68 (5, 1H), 5.03 —4.91
(m, THY, 337 {6 J= 7.6 He, 2H), 230 (4, J=7.6 Hz, 3H), 1.37 (4, 7= 6.5 Hz, 3H), BY/MS
$24.1 (VAT
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N

{038 (83-3-(2-(1-{{2.6-diamine-S-cyanopyrimidin-d-yl fmino)ethyl}-3-(3,3-
difluorophenyl}-d-ox0-3,4-dihydroquinazolin-S-ylipropanamide (Compound 403, 'H NMR
{400 MHz, DMSO-de} 8 7.95 - 6.82 (br i, 4H), 7.77 - 7.67 (m, 1H), 7.59 - 7.52 {m, 1H),
TA{A F= 00 e, 1H), T34 (04, J=77, 13 He, 1HL, 727 (1, =92, 2.5 He, 1H), 721 -
700 {r, ZH), 6,68 {5, THY, 5.03 - 489 (m, 1H), 332 (4 J=7.6 He, 28}, 231 {1, /= 7.6 He,
IHY, 136 (d, J= 6.6 He, 3H). ES/MS 5306.1 (M+H).

SN N
i\gjx . ?\S{i\. -
F HR AN
s*“’ii\f*"“&
NHy gy

[OOIEY  (SPR3E-(1-2,6-diamine-S-chloropyrimidin-d-yilaminoethyl}-3-03,5-
diftuorophenyl}-8-fluore-4-ox0-3 4-dihydroguinazolin-3-ylipropanamide (Compound 41),
Y NMER {400 MHz, DMSO-di) 8 1139 (G g, 1H), 776 (5, EH} T8 {dd, J= 100, R4 He,
Y, 7.57 - 741 (m, 3H), 739 - 7.23 (bram, 1H), 738 (dd, J= 8.5, S.0 He, 1H), 731 (1, /=
9.3, 24 He, THY, T8 (s, 1H), 707 (d, J= 8.8 He, 1H), 6.73 {5, 1H), 5.08 - 4.95 (m, 1R,
3.37 - 325 {m, 2H), 234 (dd, J= 8.5, 6.8 He, 2H), 1.44¢d, J= 6.6 He, 3H), BS/MS 5331
MY
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NH
{BQ283] (S}n?in{'?}-(i~{{276~d§a§‘n§ﬁﬁm$mc-hksmpyﬁmidmvéu}*i}amim}ai’i‘}yi}»'3-{2:‘:=aﬁa
difluore pimﬁyi}»»@wamnﬁy;%»dihyémqumamiiﬁnS«yi. ipropanamide (Compound 423, HONMR
(400 MHz, DMSO-de} 8 11.54 {br s, 1H), 7.86 - 771 {m, 2H), 7.62 (dd, S = 8.1, 1.3 He, TH),
7.52 (s, JH), 751~ TAT (my 1H), 738 {dd J= 7.5, 1.3 He, THY, 7310 ¢4, J= 9.4, 2.4 He,
TFD), 7.19 (s, 1H), 7,14 - 7.02 (m, TH), 6.73 (s, 1H}), 5.08 - 4,93 {m, 1H), 2.54 ~ 2.48 (m, 2H},
247 —2.79 G, 2ED), 2.08 {5, OH), 143 {d, /= 6.6 Hg, 3H). ES/MS 3151 (M)

HaN

{BH284 {'S}B{E{E~{§'2?6~dia_v:nizm»ﬁwdﬂm*gpyrimidiﬁ4“3;3}mxim}ﬁh}fi)mé~@x9“3wgﬁhm}’iw
3, 4-difvydroguinazolin-S-yljpropanamide {Compound 43). Y ONMR (400 MHz, DMSO-4) 3
1138 (s, 1FD), 7.79 (¢, J = 7.3 Hz, 1H), 775 {dd, J= 8.1, 7.4 He, 1H}, 75044, J=82,1.2
Hz, TH), 7.57 - 7.45 (m, 4H), 745 — 7.38 (m, 3H), 736 (dd, J =7 6, L3 He, 1H, 717 {5,
TH), 6.71 {5, 1), 4.95 — 4.83 {m, 1H), 3.42 - 3.29 (m, ZH), 2.34 {dd, J= 8.4, 6.8 Hg, 2H),
1.37 ¢4, J= 6.7 He, 3H). BE/MS 4792 (MHH).
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&Hg {446

OR8SE (83-3-2-(14{(2,6-diamino-S-chioropyrimidin-4-yDamine yethy-8-fluoro-4-oxo-3-
phenyl-3,4-dihydroguinazolin- -y propanamide (Componnd 44). TH NMR (400 MHz,
DMEBC-d} 6 771 ~ 7.63 (my, 2H), 7.59 - 750 (o, 3H), 7.5 — 738 my, SHD), 735 (dd, F=8.4,
SO Hg, 1H), 7.25 (brs, IHYL T8 {5, THY, 672 (5, TH} 495 - 488 (my, TH), 337319 G,
2H), 238 - 2.29 (m, 2H), 1.38 (¢, J = 6.6 He, 3H). BS/MRB 4971 (M)

e (45

[0288]  (832.4-diamino-6-({1-{$-oxo-3-phenvi-3-{3-{pyrrolidin- 1 -yDpropyi-3,4-
dihvdroguinazotin-2-yhethyhaming lpyrimidine-S-carbonitrile (Compound 451 'H NMR
{400 MHe, DMBO-di} § 937 (brs, TH), 778 (dd, = 8.2, 7.4 Hy, 1H)L, 7.69 - 735 {hrm,
QHY, 7539 {(dd, J= &1, L2 Hy, TH), 7.57 - 740 (m, SHY, 7.37 (8, J= 7.5, 1.2 He, 1H), 7.20 -
$.84 {brm, 2H}, 492 — 480 {m, TH}, 355~ 3.43 (o, 2H), 3.25 - 3.00 {m, 4H), 2.99 - 2 &5
(m, 2H}, 2.03 - 1.69 {m, 8H), 132 (4, J= 6.6 He, 3H). ES/MS 5102 (N
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HNL N NM,
Y
Ol d ey N

NHs {46)

[OR28T} (832 4-diamino-6-({1-{(4-oxo-3-phenyl-5-(3-{piperidin-1-ylipropyl 3,4
dihydroguinazolin-2-yhethyljaminopyrimidine-S-carbonitrile (Compound 46). 'H NMR
{400 MHz, DMBC-d3 8 8.82 (brs, IH), 778 (dd, /= 8.1, 74 Hy, 1H), 7.58(dd, J= 8.2, 1.2
He, THY, 7.56 - 740 (m, SHY, 7.37(d, /= 7.5 Hz, 1HL7.35 - 6,49 (brm, 44D, 4.90 - 4.76 {m,
THY, 338 (d, = 12.2 He, 2H), 324 - 310 {m, 2H3, 3.10 - 2.98 {m, 2H), 2.88 - 273 {m,

2, 198 - 183 G, 2H), L4, 0= 13,6 Ha, 2H), 1.69 — 1.44 (m, 4H), 1.30(d, J= 6.6 Hz,
AHL ES/MS 5243 (M+HH)
F\f’f\\\

g:-\},.N\

- Nf" \;"“
HNC N UNH,
| Y
!:::{ ,.f"i\\\;:;'»N
NF
Nk 47

B9S8R (833 d-diamino-6-((1-(3-3-(3, 3-difluoropyrrolidin-I-vipropyh-4-oxo-3-phenyl-
3 4-dibydroguinazolin-Z-yheth yi}iﬁﬂiﬁﬁ}fﬁf’i“imﬁdm e~3-carhoniirile {Compound 47). 'H NMR
{400 MHz, DMSO-de) 8 7.71 (4, /= 7.8 Hz, TH), 7.60 — 7.43 {m, 8H), 7.30 (dd, /= 7.6, 1.3
He, 1H), 678 (d, J= 7.2 He, TH}, 6.35 (s, 2H}, 6.25 {5, 2H), 4.78 - 4.66 fmy, 1H), 3.19 - 3.0%
(o, ZHY, 280 (1,0 = 13.5 Hy, 2H), 261 {, /= 6.9 He, 21), 2404, J= 7.3 Hz, 2H), 2.25 -
2,08 fm, 2H), 173 - 1.59 {m, 2H), 126 (4, /= 6.6 He, 3H). HS/MS 546.2 (M
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Mk (48)

(BRG] (52 4-diamine-6-((1-(5-(3-(4 4-difluoropiperidin-L-yDpropyl-d-oxo-3-phenyl-

3 d-dihvdroquinazolin-2-vhethyDaminopyrimidine-S-carbonitrile (Compound 48). 'H NMR
{400 MHz, DMSO-de) 8 9.34 s, TH), 7.80(d, J= 7.8 Hz, 1H), 7.59 (dd, 7= 8.2, 1.2 Hg, 1H),
5T 740 {m, SHY, 737 (dd, J="7.5, 12 Hz, 18}, 740 - 6.52 (brm, 4 H}, 4.91 480 {m,
P}, 3.64 - 351 (m, 2H), 328 - 3.00 {m, 6H), 238 - 2,23 (m, 2H), 2.23 - 2,060 (m, 21, 1.98
— 188 (m, 2H), 131 {4, J = 6.6 Hz, 3H). BS/MS 360.2 (M+H ).

N 49)

{80390 2 4-diamino-6-{{(18)-1-(5-(3-(3, 5-dimethylmorpholinopropyl i-4-ox0-3-phenyi-
3, 4-dibydroquinazolin-2-yhethyl iamino}pyrimidine-S-carboniirile {Compound 49). 'H NMR
(400 Mz, DMEChdg) § 970~ 912 (bram, 1H}, 779 {dd, J= 8.2, T4 He, 1H), 772 - 726
{m, OH}, 7.08 (brs, 2H), 4.88 {{, /= 6.8 Hz, 1H), 429 - 3.82 {m, 2H}, 3.51 - 2.91 (m, 6H},
2.65 - 2.53 {m, IH), 2.03 — 1.82 {m, ZH), 140 - 118 {my, 3H), 15 - 0.96 (m, 6H). BS/MS

8843 (M+HL
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1B2s}  (5)24-diamine-6-{{1-{8-Nuoro-4-oxo-3-phenyl-5-3-{pyrrolidin- -yl ipropyi}-3,4-
dibydroquinazolin--yhethyDamine jpyrimidine-S-carbonitrile {Compound 501 'H NMR
(400 MHz, DMSO-ds) 8 936 {3, TH), 7.67 (dd, J= 0.9, 8.3 Hz, 1H), 7.5% - 7.37 (m, §H),
733 {dd, J= 8.4, 4.9 He, TH), 7.30 - 6.61 (m, 4H}, 4.92 - 4.78 {m, 1H), 3.55 - 338 {m, 2H),
3.20-3.03 (m, 4H), 2.97 - 2.83 Gm, TH), 2.03 - 1.65 (m, 6H), 131 (d, J= 6.7 Hz, 3H)
ES/MS 528.2 (M+H").

(51

1002921 (832 4-diamine-6-{(1-(3-(3,5-difluorophenyl-d-0x0-5-3-{pyreolidin- 1«
yhipropyly3,4-dihydroguinazotin-2-yiethyDamine jpyrivaidine-S-carhonitrile {Compound
51 'H NMR (400 MMz, DMSO-d0) 8 9.37 (brs, IH), 778 (dd, =82, 74 Hy, TH), 7.69 -
6.63 {brm, 4H}, 760 {dd, J = 8.1, 1.2 He, TH), 748 - 741 m, 1HY, 737 {04, F=7.5, 1.3 Hy,
), 729 (8, /= 9.3, 23 He, TH), 705 (d, J= 9.0 He, 1H}, 5.00 - 490 (m, 1H), 3.54 - 3.40
(o, 2H), 3.24 - 3.06 (my, 4H), 2.99 - 2.84 (m, 2H}, 2.02 - 187 (m, 6H), 136 (d, J= 6.5 Hz,
3H) BS/MS 5462 VMEHD
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NH, (32)

108283 (3r2.4-dlamino-S-{{ 1-{3-(3~2,2-dimethylmorpholino}propyh-d-axo-3-phenyi-

3, 4-sdthydroquinazolin-2-yljethyamino)pyrimidine-S-carboniirile {Compound §2), 'H NMR
{400 MHz, DMSO-de) 8 911 (brs, 1H), 7.76 {(dd, J= 82, 7.4 Hz, TH), 7.68 - 7.31 {m, 7TH),
T {0, J=82, 1.2 He, THY, 7.35 (dd, /= 7.5, 1.3 He, 1H), 7.09 (br s, 2H), 4.92 - 4.78 {m,
TH), 3.78 3,63 (my, 2H), 3.45 - 315 (m, 3H), 315 - 2.93 {my, 3HY, 2,93 - 2,97 {m, 1H), 277
— 363 (m, 1H}, 198 - 181 {m, 2H), 1.37 - 1.26 (m, 3H), 122 — 113 {m, 3H}, 108 (5, 3H).
HR/MS 8343 M+H)

[Buasdl (S 4-diamine-6-{(1-{5-(3-(3,3-dimethylmorpholinopropyl-4-oxo-3-phenyl-
3A-dihydroquinazolin-2-yhethyDamino)pyrimidine-S-carhonitrile (Compound 533 'H NMR
{400 MHz, DMSQO-de) 8 9.26 (s, TH), 7.91 - 7.60 (m, 34}, 7.61 ~ 7.53 {my, 1H), 7.53 - 7.12
{my, 8H), 4.94 ~ 481 (m, 1H), 3.94 - 3.84 {m, 1H]}, 3.65 - 3,48 (m, 2H), 3.40 (4, /= 12.6 Hz,
THY, 3.37 - 2.99 (m, SH), 2.92 - 276 (m, TH), 2.02 — 174 {m, 2H), 134~ 1.28 (m, 3H), 1.26
(s, 3H), 1.20 {5, 3H). ES/ME 5543 OM+HE).

12¢



WO 2015/200352 PCT/US2015/037234

]
N (59

{80298 (8r24-diamino-6-{{1-{4-ox0-3-phenyl-5-(3-{2,2,6,6~
tetrafluoromorpholinoipropyly-3 d-dibvdroguinazolin-2-ylethyDamino pyrimidine-5-
carbonitrile ({Compound 54}, 'HNMR {400 MHz, DMSO-do) 8 £.04 (brs, 3H), 7.90 (br s,
3HY, 772 (L, 7=T78He, IH), 753 (dd, J=8.2, L 2 Hz, 1H), 7.52 - 734 {m, 5H), 7.31 (dd, J
= 7.5, 1.3 He, 1H), 4.93 - 482 (n, TH), 3.20 - 3.02 (m, 6H), 2.51 (4 J =73 Hz, 2H), 1.8% {p,
J=7.6 He, 2H}, 1.31 {4, J= 6.6 Hz, 3H)., BES/ME SO.20v+H

F
i
}W‘
5,
N
=\\ o

£ HRL_ N, NH
i]\ N
e by
N.‘.‘,J‘ E
NHy {55}

1903%a]  (53-2,4-diannino-6-{(1-(5-(3-3 3-dillyoropyrrolidin- L ~yDpropyv-8-fhuoro-4-oxo-
3-phenyl-3,4-dihydroguinazoiin-2-vhethyhaminojpyrimidine-S-carhonitrile (Compound 35).
HONMR {400 MHz, DMSO-d6) & 1046 (brg, TH), 7.72 (dd, J= 9.9, 83 Hz, 1H), 7.63 - 7.41
{m, 6H}, 741 - 713 (hrm, 2H), 7.37 {dd, J= 8.4, 4.9 Hz, 1H), 7.09 (brm, 3H), 4.96 - 4.84
(o, THD, 4.09 (5, THD, 371 {5, 3H), 3.46 - 298 (o, 4H), 279 - 238 {m, 2H, 184 - 1.73 (m,
2H), 1.35 (4, = 6.8 Hz, 3H). B/MS S64.2 (M+H,
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[BEE9T (532 4-dismine-6-{{cyclopropylid-oxo-3-phenyl-5-(3-(pyreolidin-1 <vhpropyl)-

3 4-dibydroquinazolin-2-yhimethylDaminopyrimidine-S-carbonitrile {Compound $8). 'H
NME {400 MHz, DMSO-d) § 9,45 (s, 1M, 781 (6 J=T8 He, 1H), 7.683 (dd, F=82, 1.2
Hz, 1H), 7.59 - 733 (m, 5HE, 732 - 673 (brm, SHY, 468 (4, J= 7.7 He, 1H}, 3.47 - 3.26 (m,
ZHY 325 - 308 (my, 4H), 294 (brp, J=8.0 He, 2H), 2.06 ~ 169 {m, 6H), 1.44 - 1.29 {m,

P, 0.5 — 0.3 {m, 33, 0.08 — 0.01 {m, 1H). BE/MS $36.3 (MY,

"~ - N 2 v ~—
RN NN,
|l
i r"}N
N

NH, (57}

[B6298] (S)-d4-diamine-6-({cyclopropyl{4-oxo-3-phenyl-5-G-(piperidin- L-yDpropyl 13,4
dittydroquinazolin-2-ylimethylamine jpyrimidine-S-carbonitrile (Compound 573 "H NMR
{400 MHz, DMSO-de) 8 922 (5, THYL 7.79 (4, = 7.8 He, TH), 7.64 - 7.43 (my, 6H), 739 (4, 7
=74 Hz, 1H}), 6.63 {3, 2H), 6,45 (d, J= 7.9 Hg, 1H), 6.24 (brs, JH), 472 ({, J= 7.5 Hz, 1H),
346 - 330 (m, 2HY, 3AB (L S =78 He, 2H), 3.04 {5, 28, 2.89 - 2.74 (m, 2H), 2.03 ~ 188
{n, IHY, 182 — 1,47 (m, SHY, 143 - 118 (m, 2H), 0.44 — 0.29 {m, 3H), 0.04 — 0,08 {m, 1H).
ES/MS 5503 M+HD
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{00299 (8)-2 4-diamino-S-{{cyclopropyl(8-Huoro-4-oxo-3-phenyl- 8- 3-{pyrroldin-1 -
yhpropyi}-3 4-dihydrogquinazolin-2-yvlmethyDamino pyrimidine-5-carbonitrile (Compound
38). 'H NMR (400 MHz, DMSO-do) 8 9.43 (s, 1H), 7.69 (d, J= 8.8 Hy, 1H), 7.62 - 7.15 {m,
TH), 5.894 (bre, 2HE 471 - 458 {m, TH}, 399 3.30 (m, 2H); 311 (s, 4H), 2.99 - 2.82 {m,
2R 203 - 167 (m, 6H), 147 - 1.30 (m, 1H), 0.52 - 0.29 (m, 3H), 012 — -0.08 {m, 1HL
ES/MS 554.3 (M+HL

\!,;; e AN
F HNL N NH,
NT
NM, {39
{8300 (8p24-dismino-6-{{oyclopropyli(8-flnoro-d-oxo-3-phenyl-5-O~{piperidin-1-

yhpropyly-3,4-dihydroquinazolin-2-ylmethyDaminopyrimidine-S-carbonitrile (Compound
593 'H NMR (400 MHz, DMIO-dg) § 9.05 - 8.90 m, 1H), 7.75 ~ 168 {ry, FHY, 7.65 - 741
{my, GHY, 735 (s, 2H}, 728 (s, 1H), 713 (br s, ZH), 4.70 — 4.58 {my, 1H), 3.42 - 3.30 (m, 2H),
322 - 294 {m, 4H), 2,85 - 2.68 {m, 2H), 1.93 - 178 {m, 2H}, 178~ 168 (m, 21, 1.66—
L2 {m, 6H), 052 - 031 fm, 3R, 011 - -0.02 (m, TH) BES/MS 5683 (M+H)
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o (60)

80381 (S)Z-amino-d-chioro-6-{{eyclopropyl{d-oxo-F-phenyl-S-G-{pyrralidin-i-
vipropyl}-3,4-dibydroguinazolin-2-yhimethyhaminopyrimidine-3-carbonitrile {Compound
601 TH NMR (400 MHz, DMSO-da § 938 (s, 1H), 7.77 (dd, J= 82, 7.4 Hy, 1H), 7.64 -
738 {my, ZH), 743 (tddd, J= 79,59, 3.4, L5 He, 3K}, 7.36 (dd, J =75, 1.3 He, 1H), 7.32 -
T8 (m, 3H), 708 (8 THL 4594, /=79 He, 1H), 3.96 - 3.62 {m, 2H}, 3.23 - 3.07 {m, 4K},
287« 283 (m, 2H}, 201 - 169 {m, SHy, 131 — L35 Gmy, TH), 053 - 033 {my, 3H, 010 -
0.01 (m, TH). ES/MS 5552 (M+H)

NHz  (65)

983827 (Sp24-diamino-6-{{1-{53-3~cyclohexylpropy-d-oxo-3-phenyl-3,4-
dihvdroquinazolin-2-yethvl lamine lpyrimidine-S-carbonitrile (Compound §35). 'H NMR
{400 MHz, DMSO-de3 8 8.13 (br g, 2H), 798 (br s, 2R, 777 - 7.69 {my, TH), 757 - 747 {my,
3H), 74T T30y 3HE 32400, S=T5, T3 He, THL 48 (p, J= 6T Hy, IH), 31200 7=
7.7 He, 2H), 1.68 - 1,48 (m, TH), 1.34{d, J= 6.6 Hz, 3H}, 1.24 - 1.00 {m, 6H}, 038 - 0.72
{m, 2H). ES/MS 5233 (M+HED.
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0383 (8)-2-amino-d-chloro-6-{{1-{3-chloro-8-fluore-4-oxo-3-phenyl-3,4-
dihydroguinazolin-2-yhethylaminojpyrimidine-S-varbonitrile (Compound 86}, HONMR
(400 MHz, DMSCO-ds) § 7.83 (4, J= 6.9 Hz, 1H), 7.76 (dd, /= 9.6, §.7 Hz, 1H), 7.60 {dd, J=
8.8, 4.5 Hz, 1H), 7.56 — 7.46 {m, 2H), 746 — 7.33 {m, 3H), 7.26 {5, 1H), 4.84 - 4.84 {m, 14},
1.37 (4, J= 6.6 Hz, 3H). ES/MS 470.0 {MHD.

My (67

003841 (812, 4-diaming-6-(2+{5-chlore-3-(3,S-diffuorophenyl-4-ox0-3,4-
ditydroguinazolin-2-ylazetidin-1-yDpyrimidine-3-carbonitrile {Cotpound 67). 'H NMR
(400 MHz, DMSO-d) 8 788 - 773 {m, 1H), 7.65 (d, J= 8.2 Hy, 1H), 7.56 (3d, J=22.3, 9
Hz, 2H), 745 — 7.22 {m, 2H), 410 {5, SH), .56 — 2.50 {m, JH}, 2.34 - 2.08 (m, JHLES/MS
4811 (MY,

FTy
'
HaNL NN
i g:
i H
H
NQ\\{,&*"'\\\\

2 {68}
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1H0385] {8}-1,4-diaming-6-(2-{ 5-chloro-4-oxo-3-phenyl-3,4-dihvdroquinazolin-2-
yhazetidin- -yl pyrividine-S-catbonitrile (Compound 683, 'H NMR {400 MHz, DMSQ-d) 8
€.02 - 7.63 {m, 2H}, 7.72 — 749 {m, 4H), 7.42 (s, TH), 5.25-5.20 {m, 1H), 4.45-4.15 {m, 41,
278249 (m, TH), 239 - 170 (m, 1H). BER/MS 4451 M+

&Hz {ﬁ(}}

HE30s] (834-2-(1{{2,6-diamino-S-cyanopyrimidin-d-yDaming bothy-d-ox0-3 ~phenyi-

3 4-dihydroguinazolin-S-ylhutancic acid (Compound 69). 'H NMR {400 MHz, DMEO-dg) 8
8.02 {5, TH), 7.84 {5, 18}, 7.77 - 7.65 {m, 1H), 7.61 - 7.40 (m, 4H), 720 (dd, 7= 7.3, 1.3 Ha,
TH), 4.87 (p, = 6.7 He, 2H), 3,13 (dd, J= 8.8, 6.4 Hz, 2H), 2.17 (¢, /= 7.6 He, 2H), 1L.72 {r
4= 77 He, 3H, V32 {d, £ = 6.6 Hz, 3H) (BE/ME 4851 (M+H" )

¥

H

H
-

M

r el
H

/
= {
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y
Va \“‘2)
e

N, {70}
BN3ET Sw42-(1 "{23‘5&“&‘53M§‘.liﬁ(§~§~$ya§}®p}’?i§nidiZ'i"*’@m}"E.}p}ﬁ{}ii{iiﬁ"z"yi}v"if-“s’}‘x&?ﬁMphﬁnyﬁ.“
3, 4-dihydroquinazolin-S-ylibutanoto acid {Compound 70} 'H NMR (400 MHz, DMSG-ds) 3
78444, =77 Ha, TH), 7.79 - 7.35 {m, SH}, 7.30 - 677 {m, 1H), 470 (s, 3H), 4.27 - 3.60
{m, 4HR, 301 {did, J=28.3, 13.0, 7.5 Hz, 3H), 230 - 1,95 {m, 3H), 1.98 - 1.28 {m, 4H).

HS/MS $11.1 (VieED
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03887 (S34-{2-(1-{Q f-diaminoe-S-cyanopyrintdin-d-yhaminojethvl }-3-{3,5-

diffluorophenyl}-d-oxe-3,4-dibydroguinarolin-5-ylibutancic acid {Componnd 71). 'H NMR
{400 MHz, DMSO-de) 8 815 - 7.66 (m, 4H), 787 (dd, J= 82, 1.2 Hy, TH), 7.49 - 7.40 {m,
FHY, 7.36 - 7.20 (m, 2R, 707 ~ 691 {m, 2H), 496 (p, /= 6.7 He, 1H)L 314 {dd, J= 838, 8.0
Hz, 3H), 2.18 (4, J= 7.6 He, 2H), 174 (p, J= 7.6 He, 2H), 1.37 (4, J= 6.6 Hz, 1H). BES/MS
3211 (MHHNY

!“"\‘:y N S
\\-:;:f;‘j\\ Nf:ﬁi\fv’
Nt
N
H I N “i
MM (TN

B399 532 4-diamine-6-(2-3--fuorophenyl - S-{methylsutfonyl}-4-ox0-3,4-
dihydrogquinazolin-2-yhipyrrolidin-1-ylpwrinddine-S-carbonitrite (Compound 72): H NMR
{400 MHz, DMSO18 827 (dd, J= 7.6, 1.4 Hy, 1H}, 804 788 {m, 3H), 7.79 — 738 {m,
41}, 4.84 — 4.66 {m, 1H), 4.05 (brs, 1H), 3.90(d, T= 101, 7.5 Hy, 1H), 3.48 (s, 3H), 2.00
(hrs, 3H), 1.91 (brs, 1H), LBS — 170 o, TED. BS/MS 8211 V™Y
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B3I (832 4-diamine-6-{2-(3-(2-fHuorophenyl - S-{methylsulfonyl-4-oxo-3 4~
dibydrogquinazolin-2-vlipyrrolidin-{ -y jpyrivnidine-S-carbonitrile {Compound 73): 'H NMR
(400 Mz, DMSOY 8 827 (dd, I =7.6, 1.5 He, 1H}, ROS - 7.94 {m, 2HY, 777 - 7.58 (m,
3H}, 746 (8d, F =06, L6 He, 1H)Y, 7.25 (brs, 2H), 4.69 - 4.80 {m, 1H), 4.14 - 4.02 {m, 1H),
305~ 383 {my, THE 348 {5, 3H), 229 - 218 {m, 2H), 2.03 ~ 1.90 {m, 2H). HS/MSR 5211
M+H;

Qo
Q:;Sx Q \}?’:"\

Hge Y
S O
Nl TN

X

Ny o

0311 832 A-diamine-6-(3-3~{2-Huovophenyl p-S-{metvisulfonyD-d-ox0-3 4~
dibydroguinazolin-2-yhpyrrolidin-1-yDpyrimidine-S-carbonitrile (Compound 743 'H NMR
{400 MHz, DMS03 8 828 (dd, T =76, 14 He, 1H), 8.06 - 7.94 {mm, 3H), 7.73 — 7.64 {m,
THY, 7.36 {(ddd, T = 9.9, 8.4, 1.3 He, 1H), 748 (6, F= 7.7, 1.3 He, TH), 493 (rg, 1H), 4.01
{brs, 1H}, 3.94 — 3.85 (m, 1H), 3.48 (s, 3H), 198 ~ 1.66 {m, 4H}. BES/MS 521.1 (M+H),
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03121 (5r2,4-diamino-6-(2-03-(2,6-diffucrophenyl}-S-(methylsulfonyl id-ox0-3,4-
dihydroguinazolin-2-vhpyrrotidin-1-ylpyrimidine-3-carbonitrile (Compound 75): 'H NMR
{400 MHz, DMSOY 6 R29{dd, I =7.6, 1.4 He, 1H}, R06 (dd, J = €2, 7.6 Hz, 1H), 7.99 (dd,
A=82 1.4 Hg, 1H), 7.78(dad, J = 13.0, 8.6, 6.4 Hy, 1H), 758 - 747 718 {m, 31, 718 (b
8, 2ZH} 4.89 — 4.84 {m, 1H}, 405 - 3.97 (m, 1H}, 3.94 - 3.83 (m, 1H}, 348 (5, 3H), 2.25 -
2.09 {m, 1H}, 2.09 - 1.82 (m, 3H). BS/MS 5381 (M+Hy;
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I00313] (52 4-diamine-6-({{1-(3~(3-Buorophenyl}-4-oxo-5-{ phenvisulfony 3,4~
dihydrogquinazolin-2-yethyhamino)pyrimidine-S-carbonitrile (Compound 76} H NMR
{400 MHz, DMSOY & 854 {(dt, F=7.6, 1.3 Hz, THY 818~ 8.04 {m, 3H), 7.72 - 7.67 (m,
AHY, 759 - 730 (m, SHY, 7.27 - 7.00 (o, SHY, 4.89{q, I = 6.7 Hz, 1H), 1.32(d, Y =6.6 Hz,
3H). BS/MS S67.1 (M+Ey
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HQNMW‘:{ [:\‘ e
N " B N
N, 77
03] (832 4-diamino-6-2~(3-(3-Buorophenyl-5-(methylsaliony-4-oxo-3,4-

dihydroquinazolin-2-yhpyrrolidin- 1 -ylpyrimidine-S-carbonitrile (Compound 77% H NMR
(400 MHz, DMSO} S 8474 T=77, 11 He, 1H), 808789 (m, 1H), 7.94 (dg, I = 8.3,
£ He, 1H), 784 - 7.67 {m, 3H), 7.67 - 7.19 {m, 8H), 4.70 — 4.59 {m, 1H), 4.06 - 3.95 (m,
PHY, 3.99 - 381 {m, TH), 213 - 1.93 {m, ZH}, 1.92 - L8O {m, 1H), L.73 - 181 {m, 1HL
ES/MS 5831 (M+H ™Y

[OO318]  (§p2d-diamino-6-{1-C-3TluorophenyD-S-{{(2-hydroxyethyDsulfonyl -4-oxo-
3 4-dihydroguinazolin-2-yhethyhaninojpyrimidine-S-carhonitrile {Compound 78 'H NMR
{400 MHz, DMSQO) 8 44 - 834 (my, 1H), 8232 - 813 (m, 2H), 7.78 — 7.59 {m, 2H), 757~
748 (m, 1H}, 7.41 (dddd, = 17.5, 88, 6.1, 24 He, 1H), 703 (dd, F = 113, 7.1 Hy, 1H), 6.66
(brs, 2H), 5,44 — 6.32 (m, 2H), 4.9% (6, I = 7.1, 5.9 He, 1H), 4.93 (44, T = 5.5, 1.1 Hg, 1H),
4,09 - 397 (m, 2H), 3.84 (g, 1 = 6.0 He, 2H), 1.50 — 1.46 {m, 3H), BS/MEB 5251 WY,

Ly
w0
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{7%)

083161 (832 4-diamino-6-((1-(3-{3-fluorophenyD-5-((A-hydroxyethvhithio b d-oxo-3,4-
diydrogquinazolin-2-vijethy aminejpyrimidine-S-carbonitrile (Compound 791 TH NMR
(400 MHz, DMSO} & 7.88 - 7.82 {m, 1H), 7.71 - 7.60 {m, 2H), 7.39 - 7.34 {m, $H), 8.98
{ded, J=15.5, 7.0 Hz, 1), 6.70 - 6.63 {m, 2H), 6.45 - 6,31 {m, ZH), 310 {td, I = 5.6, 0.7 Hz,
1HY, 4.94 - 481 {m, THY, 376 {q, T =65 He, 3R, 305 {4, T =67 Hy, 2H), 1.45 - 1.41 Gy,
IH) ES/AMS 4831 VR

MM, )

[BO3ETT (832 A-diamino-6-{{ 1-{S~{cyclopentvisulfonyl-3-(3-flucrophenyl d-oxo-3,4-
dihydroguinazoelin-2-yDethyllamino)pyrimidine-S-carbonitrile {Compound 801 'H NMR
{400 MHz, DMBO) 9 8.31 - 825 (m, 1H}, 8.06 - 8.02 {m, 2H), 7.84 — 7.38 {m, sH), 7.27 -
72T {my, 2HL 497 (g, I= 68 He, 1HL 476 (1, T =89, 6.3 He, 1H), 198 - 1.43 (o, 5H),
13744, Y= 6.7 Hz, 3H). BS/MS 549.1 (M+H Yy

1A
LA
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AH, (&1)

{MO318]  (Sp24-diamine-6-{{ 1-(3-(3-Huorophenyl}-4-oxo-S-{o-tolvisulfony!-3,4-

&i’ihyﬁz:'oquim’gmhmz»3‘,«"@}si‘hyi}amms}pynm&duwn3«:;:s;u*bﬁnmﬁs {Compound 81) 'H NMR

(400 Mz, DMBGH S 835(d4 T =76, 13 He, 1H), 820830 (e, 2H), 72 6, T = 8.1, 1.8

Hz, TH), 7.51 - 7.37 {m, 3H), 7.37 - 7.002 {m, 45}, 4.96 - 4.837 {m, 1H), 2.30 (s, 3H), 1.36 (d,
=67 Haz, 3HY ESMAMS STLL VY

E

N
,:",.v‘

21,0,
Lfﬁ* -

By
\\\

NH, (83}

0319 (-2 4-diaming-6-(2~{ S~chlore~3-03, S-difluorophenyl 4-0x0+3,4-
dibydroquinazolin-2~-yhipyreolidine§ ~‘v‘§‘3§3yrimié'imnSns;:ar‘i'ﬁfmim‘ii@ {Compound §3). "HNMR
(400 MHz, DMSO-ds) & 7.83 {m, 1H), 7.76 ({, /= 8.0 Hz, 1H), 7.59 {m, 1H), 7.58 im, 1H),
7.56~7.51 {ms 2H}, 7.44 {be, ZHY, 7.03 aﬁms JH}, 468 {my, 1HYL 407 {4, /=75 Hz, 1H), 3.54
{m, 1H}, 2.26 - 2.08 {(m, 2H}, 2.00 {m THY, 1.92 — 180 (my, 1H} ES/MS 4052 M+H Y
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{83287 (8-24-dlamino-6-{2-(S-chloro-3-(3,S-difluoropheny-S-methyl-d-ox0-3 .4
dilydroguinazolin-2-yDpyrrolidin- t-ylpyrimidine-3-carbonitrile {Compound 84), 'H NMR
{400 MHz, DMSCO-da) § 7.83 (m, 1H), 7.67 (dd, /= 8.0, L0 He, 1H), 7.55 {(m, 2H), 748 (4, J
= 8.0 Hz, IH), 7.43 (bs, 2H}, 7.01 {bs, 2H}, 477 {m, 1H}, 4.07 (m, 1H), 4.00 {m, 1H), 2.42 s,
3H), 230 2,06 (m, 3H), 206 — 194 (m, TH), 188 (m, 8.7 He, 1H). BS/MS 5001 (M+ETy,

N, (85)

00321 (9-24-diamine-6-{2-(B-chlore-3-(3 S-difluorophenyl-d-oxg-3 ,4-
dihydroquinazolin-2-vhpvrrolidin-T-yDpyrimidine-S~carbonitrile (Compound 853, "H NMR
{400 MHz, DMSO-de) 3 8.09{(dd, /=80, L4 Hz, 1H), 800 {dd, /= 7.8, L4 He, 1H), 7.82
{(d, .7 =90 Hz, TH), 7.66 - 7.44 (u, 3H), 7.08 (b, ZH), 475 {m, 1H}, 4.08 (n, 1H), 3.98 {m,
THY, 227 dm, THY, 2018 — 2.08 (m, THY, 198 (my, TH), 1.86 (m, 1H). BS/MS 4051 (M+H Y
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00331 (&2 4-diamino-6-3-3-(3, 5-diftuoropheayl-S-methyl-deoxo-3 4~
dihydrogquinazolin-2-yhpyrrolidin-1-vhipyrimidine-S-carhonitrile (Compound 86). 'H NMR
{400 MHz, DMSO-d} § 7.96 (ddd, J= 8.0, 1.6, 0.7 He, 1H), 7.86 (d, /= 9.1 He, 1H), 774
{m, THY, 7.78 {bs, 2H}, 7.56 {m, 2H), 746 ({, F= 7.6 He, 1H), 7.21 (bs, 2H), 4.84 {m, 1H),
&.11 {m, 1H), 4.02 {m, 1H}, 2,49 {s, 3H}, 227 {m, TH), 217 - 2.08 m, 1H), 2.01 m, 1H),
189 (m, 1HD BS/MR 4752 (MH Ty

P

&
F 3 T
L
C\j\&?[\f F

NTUTTN
N'w‘j
MM

NH, {87)

8323 (2 4-damine-6-{2-G-(3, 5-diflnoropheny-S-fluore-d-oxo-3,4-
dikydroquinazotin-2-yhpyrrolidin-1-ylpyrimidine-S-carbonitrile (Compound 87), 'H NMR
{400 MHz, DMSO-dgy 8 7.96 — 7.79 {m, 2H), 7.72 {bs, 2H}, 7.56 {m, 2H), 7.46 {m, 1H), 7.34
{m, 1H}, 7.25 {bs, ZH}, 4.69 {m, 1H), 4.08 (m, 14}, 395 {m, 1H), 2.25 - 2.06 {m, 2H), 1.98
{m, 1H), 1.89 Gm, [H) BS/MS 479.1 (MAHTy;
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Mg (88)

[08324] {52 4-diaming-6-(2-{S~chlore-3-(3-cyano-S-fluorophenyl 4-ox0-3,4-
dihydroguinazolin-2-yDpyrrolidin-T-yDpyrimidine-S-carbonitrile {Compound 88). 'H NMR
{400 MHz, DMBO-d;} 8 8.38 (m, 0.5H), 832 (dt, J= 9.3, 2.2 He, G.5H), 8.24 - 8,15 {m, 1H),
8.12 {m, .3H}, BOR (dt, J=93, 2.1 He, 0.5HL 778 {4, J= 8.0 Hz, TH), 7.60 {m, 2H), 7.58%
{bs, ZH}, 7.17 (be, 2H), 461 {m, 1H}, 4.07 (m, 1H), 4.00 - 3.87 {m, 1H), 2.24 - 2.04 {m, 2H),
LOR {m, IH), 1.86 (m, 1H}. ES/ME 5021 (M+HY

0335 (8)-2,4-dlamino-6-{2-{3-(3-{difluoromethyl iphenyl R-iodo-d-oxo-3 4~

dibydroguinazoelin-2-yDpyrrolidin-1-yDpyrimidine-S-carhonitrile;

003261 (B2 4-diamine-6-(2-(8-1odo-4-oxo-3-phenyl-3,4-dihvdroguinazolin-2-

yipyrreldin- yhpyrimidine-S-carbonitrile;

NHy (91}

PBO3ETE  (5)-3-(5,8-dichloro-2-(1-(2,6-dlamine-S-cyanopyrimidin-d-ylpyrrolidin-2-yi -4
oxoguingzolin-3(4H)-yibenzenesulfonamide, mixture of atropisomers {Compound 911 'H
NMR {400 MHz, DMBO-dgy § 831 (id, J= 18, 0.7 Hz, 0. 1HY, 826 (5, 0.1H), 8235~ 821 {m,
O.1HY, 8,14 (m, 0.2H), 811 — 8.08 (m, 0.2H), .08 — .02 (m, B75H), 8.00 (s, 1), 7.99

144
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3 (my, QAHY, 7.94 (5, 0.1H), 791 - 7.81 (m, O75H), 7.62 €8, 0. 8H}, 7.60 - 7.55 (m, 0.5H),
7.24 ~ 715 {m, G.4H), 6.96 (bs, 2H), 6.82 ~ 6,75 {m, 0.5H), 6.52 {bs, 2H}, 479 — 4,42 {m,
TH), 427 —~ 4.05 (m, 0.5H), 4.05 - 3.93 (m, 0.5H), 3.93 - 3,75 {m, .58}, 370 - 3.53 (im,
0.5H), 2.34 - 2,08 {m, 2H), 2.05 — 1,66 {my, 2H). BS/MS 5721 (MR,

NH 97

[B03IRT  (S3-3-(5,8-dichlore-2-(1 {2, -dHamino-S-cyanopyrimidie-d-vDpyrrolidin2-y}d-
oxoquinazolin-34iN-yhibenzenesufonamide, single atropisomer of upknown configuration
{Compound 92). 'H NMR (400 MHz, DMSO- ded B 826 (s, 1H), 814 (ddd, 7=7.9, 2.1, 11
He, TH), 811 - 8.02 (m, 2H), 708 {dd, J= 8.5, 6.0 g, EH),, TR - 7.84 (m, 2H), 7.64 (s,

ZHE 758 (44, J= 8.5, 3.4 He, TH), 7.48 (by, 1H), 7.14 (e, 1HY, 473 {m, THY, 415 {my, 1HD,
3.99 (m, 1H), 235 - 207 {m, 1H), 217 - 2.06 Gm, PEEY, 200 (m, TR, 190 - 173 G, THD).
ES/MS ST2.0 (M+H);

N

Hahdy h}%ﬁ?\s
N4

[BO329] 2,38-dannino-6-({28,4R}-2-(5-chloro-4-ox0-3-phenyl-3,4-dihydroquinazolin-2-yi-

S-methylpyrrolidin-1-ylipyrimidine-S-carbonitrile (Compound 843, 'H NMR {400 M,
IRMBO-de) § 7.90 - 7.83 (m, 1M}, 7.75 - 7.66 {m, 1H), 7.64 — 7.45 {m, 10H}Y, 7.11 (brs, 2H),
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468 (8, J=8.5 He, 1H), 4.22 8, J= 8.8 He, 1H), 2.64 (s, TH), 2.23 — 233 {m, 1H), 141 (i,
F=11.0, £.8 Hz, 1H), 0.96 (§, J= 6.6 Hz, 3H). ESMS 4731 ),

F
~"L§'\
S e
i
R Noﬂx .«J,"‘ P N S
ML
I'NN“
N
N e
Ml
AN

90330)  2,4-dlamino-6-{(28,4R 1 2-{5-chiore-3-(3, S-diffuorophenyl pd-0x0-3,4
dihwdroquinazolin-2-y{-4-flucropyrrolidin-1-yhpyrimidine-S-carboniiriie {Compound 93}
HONMR (400 MMz, DMSO-ds) 8 7.85 — 7.69 (m, 2H), 7.65 — T.41 {im, 3H}, 7.10 {brs, 4H},
§.51¢d, J= 4.0 He, TH), S38 (s, 1H), 4.72 (3, 2H), 2,41 (m, 14, 233 {m, 18, 2.13 {m, 2H).
BEMS SI3 (VR

06338 {8)P-amino-4-{{1-{5-chioro-d-oxo-3-phenyl-3 4-diiydroquinazolin-2-
yhethyl lamino}-G-methylpyrimidine-$-cavbonitrile (Compound 96}, T NMR (400 Mz,
DMSQO-de) 8 814 (s, 1H), 7.85 731 {m, 10H), 7.21 {5, 1H), 4.95 - 4.83 (m, 1H}, 240 -~
2230 (m, 3H), 137 {8, J= 6.7, 1.6 Ha, 3} EB/ME 5323 (MHHTY
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7

[B0332% (€3 2-{ 1 ~{2-amine-S-todo-G-methylpyrinidin-d-yhamine jethyy-5-chlore-3-
phenylquinazelin-4(3H}-one (Compound ¥7). YHONMR (400 Mz, DMBO-ds) § .09 (3,
TH), 7.89 - .80 (m, 1HY, 777 {5, 1HD), 7.74 ~ 7.40 (m, 6H), 7.49 - 7.40 (m, 3H}, 4.96 - 4.84
(r, THD, 241 (&, 7= 1.2 Hz, 3H), 136 (6, J= 6.5 He, 3H}. ES/MS 3331 (VHETL

A (98)

{83331 {R)-d-amine-6-{(1-{ S-chioro-4-oxo-3-phenyl-3,4-dihydroquinazolin-2-
viiethyDamine - 2-methylpyrimidine-S-carbonitrile {Compound 9§} THNMR (400 MHz,
DMSO-do) 8 800 (4, F= 7.2 He, 1H}, 779 (d, = 8.0, 11 He, 18, 7.73 - 7.62 (mm, 3H),
762 - 7.52 {m, SH), 7.49 — 737 (m, 3H), S.03 — 491 {m, 1H), 236 (d, /= 1.1 He, 3H}, 138

{d,./= 67 He, 31} BES/MS 4321 OvHD

Nz (99

{66334 (Sp4-amino-&-{{1-(5~chloro-3-(3,5-difluore vhenyh-d-oxe-3,4-dihydroguinazolin-

3-vDethylmmine -2 -methylpyrimidine-S-carbonitrile (Compound 89, TH NMR {400 MHz,

147
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DMSO-de) 8 789 — 745 (m, TH), 7.33 (1, /=93, 2.5 He, 1H), 7.16 - 7.08 {zp, 1H), 519
S.O7 (m, TH), 233 (4, 7= 1.2 Hz, 3H), 141 (d, J= 6.4 Hz, 3H} ES/ME 4681 (MAHD.

NH; {100

GO338)  (R)-S-chiovo-2-{4-(2 S-diamino-S~chloropyrimidin-4-yl pmorpholin-3-ylp3-
phenviquinazolin-4(3H}-one (Compound 100}, TH ONMR (400 MHz, DMSO-5) § 9.47 (hry,
TH), 814~ 7.20 (m, 12H), 4.66 {m, 1H), 4.27 - 3.08 (m, 6H). ES/MS 484.1 ML

e N 3
2! N
Lﬁ‘ = N"}i\\fﬂ
H&;‘N\FNT&H
N\iﬁ %

N
0 {(101)

63361 (S)-2-amino-d-chlore-6-{{1-{S-chioro-4-ox0-3-phenyl-3 d-dihydroguinazolin-2-
vhiethyDaminojpyrimidine-S-carbontirile (Comapound 101} HONBMR (400 MMz, DMSO-de)
SROT-T11 {m, 12H), 4.86 {p, § = 6.7 He, 1H), 1.36 (d, I = 6.6 Hxe, 3H). ES/ME 4521
(MY
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HOAATT  {($-2-amino-d-chloro-6-{{1-(3-(3,5-diflucrophenyl - S-luoro-d-oxo-3,4-
dihydroguinazolin-2-yljethylamino lpyrimidine-§-carbonitrile (Compound 102} YHNMR
(400 MHz, DMSO-dg) 4 8.08 - 7.00 {m, 9H), 6.30 - 5.09 (brs, 2H}, 5.12 - 4.86 (m, 1H}, 1.41
(@d, T=64, L2 He, 30, HES/ME 4720 M)

¥
A
oo i’f” !
’f’l\':'\\\ ’,/LL g?é,f\\\ff
i»\ S N-g:?'\\v N
FaNL NN
TR
i
G {103}

[00338] (8)-2-amino-d-chlove-8-{{1-(S-chloro-3-(3,5-difluorophenyl}-d-oxo-3,4-
dihvdroguinazolin-2-yhipropyaminejpyrimidine-S-carboniirite (Compound 103} 'HNMR
(400 MHz, DMSQO-dg) 8 785 ~ 7.07 {m, TH), 5.97 - 4.93 {brs, 2H), 4.80 (td, 1 = 7.4, 3.3 Hz,
TH), 2.02 (ddd, § = 13,5, 7.5, 5.7 Hz, TH), 1.82 (dp, 1 = 14.5, 7.3 He, 1H), 096 - 0.76 (m,
JH) BS/MS 5021 (MHHT)

{0339} (N )d-aming-2-chioro-6-({1-{5-chlore-4-ox0-3-phenyh-3,4-dihydroguinazoelin-2-
yhethyl Jamine jpyrinidine-S-carbonitrile (Compound 104} YH NMR {400 Mz, DMSO-dg)
S 8364, F= &7 He, 1H), 7.88 - 7.33 {m, 10H), 4,537 — 4,42 {m, 1H), 1.40 - 118 {m, 3H)
ES/MS 452.1 (M+H)
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003401 (8)-Z-amino-4-chloro-6-({1-{5-chlore-3-(3,5-difluorophenyl -4-oxo-3 4
dgihydroquinazolin-2-yhethyDaminopyrimidine-S-carbonitrile (Compound 105}, "HONME
(400 MMz, DMSO-d) 8 7.99 — 6.55 {m, 10H), 5.34 - 4.64 (m, 1H), 142 {dd, J =65, 1.1 Hg,
IHL BS/MS 4881 VAR

%
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\ et e -~
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8341 (8)-d-amino-S-{{1-{S-chloro-d-ox0-3-phenyl-3 JA-dihydrogquinazolin-2-

yijethyDamine2-(methylthio)pyrimidine-S-carbonitrile.

hHy (107

{80342 No{(3R,38)-5-(5-chloro-d-oxo-3-phenyl-3 d-dihydrogquinazolin-2-y - 1-(2,6-
damine-S-oyanopyrimidin-d-yhpyrrolidin-3-y1}-2,2-difluorcacetanide {Compound 107}, 'H
NMR (400 MHz, DMSQ-dg) 8§ 9.09 (d, 7= 7.3 He, TH}, 7.92 - 7.68 (m, 4H), 7.65 - 7.43 (m,
THY, 7.23 {brs, 2H), 6.38 — 5.84 (m, 1H), 476 (5, 1H), 466 (4, /= 10,9 He, 1H), 4.29{d, J =
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9.0 Hr, 1HL 3.90 - 3.81 (m, 1H), 2.42 - 231 {m, 1H), 182 (dt, /= 12.9, 8.4 Hz, 1H).
ES/MS 552.2 (M+HD),

Nit (1083

[60343]  N-((38,58)-8~{5-chloro-d-oxo-3-phenyi-3 A-dibvdroquinazoiin 2-y1- 12,6~
diamino-S-ovanopyrimidin-4-yipyrolidio-3-y13-2,2,2-trifluoroacetamide { Compound 108}
THONMER (400 MHz, DMSO-d¢) § 939 (4, 7= 6.9 He, 1H}, 788 (dy, /=81, 1.7 Hz, TH),
T7T 737 G, §HY, TAT TS G, 3H), 469 (4 J = 7.0 He, 1H), 440 (g J= 6.7 He, 1H),
425 (dd, J= 10.6, 6.9 Hz, 1H), 404 (dd, /=106, 5.8 Ha, 14}, 227 - 2.04 {m, 34} ES/AE
70,1 (M+HD).

Yy
L S P
HpNy N
K
N

Ny (109)

03441 N~{{3RﬁS}»E»{ﬁwshh}muE~{'3;S»diﬁmmph@n}ﬁ}mf%n@:xsﬁ;’iwsiihydr@{.;ﬁifiazoiis‘amzw
yip1 {2 G-Hamino-S-cyanopyrimidin-d-yDpyrrolidin.3-y1}-2,2-dillueroacetamide
{Compound 109). TH NMR (400 Miz, DMSO-d 8 912 (4, /= 7.3 He, 1H), 802 -7.88
(ra, AH), 7.63 -~ 7.44 (m, SH), 7.26 {brs, 2H), 6.18 (1, 7= 33.6, 1.2 Hz, 1H), 488 - 4.51 {m,
IH), 4.2 {t, J = 8.6 Ha, 1H), 3.86 (dd, J= 104, 5.9 He, TH}, 238 (d, /= 11.6, 5.2 Hy, 1H},
192 (8, J= 128, 2 He, 1H). BS/MS 5881 OV
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NHy {110)

I00345]  NA{OR,38)-5-(S-chloro-3+{ 3-{diffuoromethyl}-S-Buorophenyl-d-oxo-3 4~
dihydroguinazolin-2-y1-1-(2,6-Hamino-3-cyanopyrim din-d-yhpyrrolidin-3-yH-2,2-
diffuoroacetamide {Compound 110). 'H NMR (400 Mz, DMBO-d) 3910 (1, /= 6.8 Hz,
iH), 808 {d, J= 14.9 Hz, TH), 7.86 ~ 7.62 (m, 4H), 7.57 {m, 48), 7.12 {td, /=354, 8.6 He,
3, 637 {1d, J= 53.6, S.8 He, 1H), 4.68 ¢d, = 13.6 Hz, 2H), 439 — 4.18 {m, THD, 383 {g,
=8.0,7.5 He, 1H), 240 (p, /= 6.6, 6.0 Hz, 1H), 188 (ddt, S=283, 12.5, 8.3 Hz, 1H).
ES/MS 620.1 (M+H,

p
e
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[BO348]  N-{{3R38)-1-(2,6-diamino-S~cyanopyrimidin-d-y)-3 ~{3-(3,5-difluoropheny!-S-
fluore-d-oxo-3,4-dihydroquinazolin-2-yhpyrolidin-3-v1)-2,2-difluoroscetamide {Compound
111}, TH NMR (400 MHz, DMEO-s} 8 930 (d, = 7.3 He, 1H), 7.92 ~ 7.69 (m, 2H), 7.64 ~
739 {m, 4H), 731 (dd, = 10.9, 8.2 Hz, 1H), 7.09 {brs, 4H), 6,41 - 5.91 (m, THY, 470 (dd, J
=22.0, 8.5 Hz, TH), 428 (£ J= 8.8 He, 1H), 3.84 {dd, = 10.3, 5.8 He, 1H), 2.38 {dt, S=
LS, 54 He, THY, 192 (e, J=12.7, 8.3 He, 1), BS/MS 8722 (M+HD.
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NH, D

DT NA{OR,S581-(2,6-diamino-S-cyanopyrintdined-yi-5-(3-(3-{diflvoromethyi}-3-
fluorophenyl}-S-Haoro-d-exo-3, i%»iiihv'{h“@quimm%in»’}~v§§pym‘0§i&iﬁn? ~yi 2,2
difluoroscetamide {Compoond 112} THONMR (400 MHz, DMSO-d) 8 9.10 {1, J= 6.7 Hz,
1H, 8.07(d, J= 14.5 He, 1H), 7.88 — 7.62 {m, 3H), 7.62 - 738 {m, 3H), 738~ 7.21 {m,
1H3, 7.08 Gn, 4H), 6.36 — 5.94 (m, YH), 467 (m, 2H), 427 m, TH), 391 - 370 (m, 1H)},
2.30 (m, THD), 195 — 171 (i, TH). BS/MS 6042 (M+HD)

Ny (114)

ID0348]  NA{(3R,583-5-{5-chloro-4-oxo-3-phenyl-3 4-dihydroguinazolin-2-y13-1-(2,6-
damnine-S-cyanopyrimidin-d-ylipyrrolidin-3-vip3-cyclopropylacetamide (Compound 114},
HONMER (400 Mg, DMBO-da) 8 796 (, F= T2 He, 1H), 786 {d, J=T5 He, 1H}, 772 J

= 8,0 He, 1H), 7.64 - 7.48 (m, RH), 6.69 {m, 1H}, 458 (m, 1H}, 4.24 (m, 1H), 3.68 {g, 1H),

20262 (m, THY, 333, 7= 3.5 He, THY 226 (m, TH), 189 (dd, /= 101, 7.0 He, 2H),
173 {m, 1H), 124 {:s, ), 114 {d, J=0.7 Hz, 1 H), 0.86 {5, 1H}, 0,42 - 030 {m, 2H).
ES/MS 556.1 (M+HT)

{00349 Example 5. Preparation of & Compound of Formula {5

1663807 A, Preparation of a Compound of Formula () in whithnis 2, R P RE=CN m

is 1, R%=F, R is eyolopropyl, RY s oyane, R is hydrogen, RS is NH;, and R s NH,

153
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{08358]  To asolution of (8)-2,4-diamino-6-{{eyclopropyl{-Huoro-3-{3-flusrephenyl 18-
iode-4-ox0-3.4-dibydroguinazolin-2-ylmethyhamino)pyriraidine-S-carbonitrile (720 mg, 1.2
mmot} in NMP (4 mL} was added cuprous eyanide (230 mg, 2.4 mmol) and
tetrakis{triphenylphosphine)PH0 (140 mg , 0.12 muomol)l. The mixture was irvadiated in
microwave reactor at 130°C for one howr. Purification by flash chromatography (40 g flash
silica, 30 % EtOAc Hexanes to 20% MeOH/BDAL, followed by HPLE chuting with 5% -
85% water/acetonitrile {0.1% v/v trifluoroacetic acid) provided (8)-2-{evclopropyl{2,6~
diamine-S-cyanopyrimidin-4-yl jaminoimethyl1-6-flooro-3-{3-fluorophenyl id-ox0-3,4-
dibydroquinazoline-8-carbonitrile (Compound 7a)., 'H NMR (400 MHz, DMS0) 8 8.56 {dd,
J=332, 8.4 He, TH), 8.20{dd, J= 3.2, 8.0 Hg, 1H), 7.80 {by, 4H}, 7.57 - 7.02 {m, 5H), 4.70
{m, TH), 159 (m, 1H), 0.54 (m, 3H), .22 fm, TH). ES/MS 486.2 (M+H,

0382} B Following the provedure deseribed in Example § and Reaction Scheme 1, below

componnd of formula (I} were prepared:

108353 (Sy-2-{evclopropyl{(2,6-diamino-S-cyanopyrimidind-yi}amino}methyi 1 6-fluoro-
4-oxo-3-phenyi-3 4-dihydroguinazoline-E-carbonitrile (Compound #a) 'H NMR (400 MHz,
DMSO) 8 855 (dd, J= 3.2, B4 He, 1H), 819 (dd, 7= 2.8, 8.0 He, 1H), 7.73 {bs, 4H), 7.50
(oo, 3H), 732 (m, 2HY, 7.23 (m, THY, 471 (o, THY, 157 fmy THD, 052 G, 38, 0019 {m, TR
HS/MS 48681 (M+HD



WO 2015/200352 PCT/US2015/037234

0S4 (SR2-(126 aming-S-cyanopyrimidin-4-yhpyrrolidin-2~yh-d-oxe-3-phenyl

3, 4-dihydroguinazoline-&-carbonitrile (Compeound 89). THONMR (400 MHz, DMSO-4;) 8
§.38 (dd, J= 8.0, 1.5 Ha, 1H), 834 (dd, J= 7.6, 1.5 He, 1H), 7.8% (m, 1H), 7.63 (m, 2HY,
7.60 (bs, ZHY, 787 (m, 3H), ’?,{}’? (hs, 3HY 478 {m, 1H), 4.06 {my, 1H), 3.59 (m, 1H}, 218 {m,
THY, 2,00 {m, THD, 1.97 {my 1H), 1.76 (m, TH). ES/MS 4501 MY

HEN»\? {
N\:.( g
N

{H03S8] (53-2-{1-(3,6-diamino-S-cyanopyrimidin-d-ylpyrrohidin-2-y13-3-03-
(difluoromethylipheny-d-oxo-3,4-dihydroguinazoline-8-carbonitrile {Compound 80). 'H
NMR (400 Mz, DMSO-ds) § 842 (ddd, J= 8.0, 3.5, L3 He, THL 8230{dt J= 7.6, 1.3 Hy,
THY, 822 (4, J= 1.7 He, 0.5H), .12 Gm, 0.5H), 7.88 (4, = 1.6 He, 0.5H), 785778 {ra,
2.5H), 770G F = 78 Hay 1H), 7.60 (bs, 2H), T8 (td, 7= 587, 144 He, 1H), 7.0% {bs, 2H},
470 (o, 1D, 4711 {my, 1H 407 - 399 (o, 1H), 235 -2.09 {m, JHY, 2.02 (m, 1H}, 180 {m,

{H)., ES/MS 5001 (ViEy
(96386]  Example §, Prepavation of a Compound of Formula (5}

803871 A. Preparation of a Compound of Pormula {I} in which nis 1, R is 3-oxopropyl, .

.. 3. . R . T .
mis O, R s methyl, R* is cyano, R’ is hoydrogen, RS s NHp, and R is NHa
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o N N
N
{00388 To asolution of (832 4-diamine-6-{{1-{5-bromo-4-oxo-3-phenyl-3 4~

divdroguinazolin-2-yhethyDamino jpyrimidine-S-carboniirile {33 mg, 0.103 numol) in DME
0.5 mL) was added chioro{2-dicyclohexyiphosphine-2°,6 -dimethoxy-1,1 -bipheny}2-{2'-
amine-1,1-biphenyl i ipalladium(l} (8 mg, 0.011 mmel} and dicyclohexyimethylamine (87
ul, 0.315 mmel). The mixture was degassed under Are. Allyl aleohol {9 ul, 8,126 mmol)
was added, and the mixture heated to 120°C in microwave for | howr, The reaction was
poured into EtOAe and washed with H O (2x). Purified by flash chromatography (4 g silica,
0 -~ 1008 BtDAchexans) to provide {832 d-dlamsino-6-{{ I-{4d-oro-3-{ 3-oxopropyl -3-

phenyl-3, 4-dibvdroguinazolin-2-yijethyhamino jpyrimidine-S-carboritrile.
1063591 Example 7. Preparation of a Compound of Formula (I}

[B0368] AL Preparation of a Compound of Formula (I in whichnis L, T
morpholinopropyl, mis § R is methyl, 1Y s VARG, ®° is hydrogen, R s Ny, and R ds

NHz

N (&1
(08368 A solution of {832, 4-diamino-&-{{ 1 -{4-ox0-5-(3-oxopropyl}-3-phenyl-3 4~

dibydroquinazelin-2-yhethyDaminojpyrinddine-S-carbonitrile (99 mg, (.24 mmetl} in DCM

156
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{2 i) was treated with morpholine and sodivm triacetoxvborohvdride, The reaction was
filterad and the filtvate purified by prep LC to give (8324 -diamino-G-{{1-{5-{3-
nmrphﬁiimpmpyi}»4{3}&{}»»3»-ph@nyi&,4«{;{@hyquuimmimmﬁ~y§}@i‘hyﬁ}amﬁ.m&}mﬁmﬁdmaw&
carbonitrile. {Compound 61} "H NMR (400 MHz, DMBO-de} 8§ 947 6, 1H), 779 (dd, 7=
8.1, T4 He, THYL 7.59(dd, J= 8.2, 1.2 Hz, 4H), 7.58 - 7.40 ¢m, SK), 738 (44, 7= 7.5, 1.2
Ha, THY, 0.99 (3, 4H), 4.92 - 480 (m, 1THY, 391 (d, 7= 12,6 Mz, 2H), 3.54 (¢, J= 12.7 Ha,
JHY, 338, J=12.3 Hz, 2H), 3.26 - 3.08 fm, 4H), 3.07 - 2.93 {m, 2H), 1.96 - 1.84 {m,
2HY 132, J= 6.6 He, 3H), BS/MS 5263 B+H.

98362}  B. Following the procedure described in Example 7 and Reaction Scheme I, below
compound of formula (I} were prepared:

Q —t

Yoy

Ty
LB

T ()
108363] (34 {(1{5-(3-Q-oxa-G-azaspire[3.3 Iheptan-6-ylipropyli4-oxo-3-phenyl-3,4-
dibydrogquinazolin-2-yhethyllamine -2, 6-diaminopyrimidine-S-carbonitrile {Compound 62).
H NMR (400 Mz, EMBQdey 3 771~ 7.64 {m, TH), 7.58 - 7.40 (m, 8H), 7.24 (dd, J= 7.5,
L3 Mz, TH)Y, 676 (d, /= 7.2 He, TH}, 6.52 (s, 2H}, 6.23 (s, 2H), 476 - 4.65 {m, 1H), 4.51 ¢s,
44}, 308 (brs, 4H), 330 3.03 (m, 2H), 2.54 - 247 (m, 2H), 152 - 138 {m, 2H), 1.24 (8, J
= .7 Hz, 3H). BS/MS 538.2 {(M+H").
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0E364]  (S3R4((3-5-3-{2-oxa-t-azaspiro] 3. 4loctan-6- ~yhpropyi-d-oxo-3-phenyi-3,4
dihydroguinazolin-2-yhethylamine-2,6-diaminopyrimidine- S-carboniirile {Compound 63},
' NMR (400 MHz, DMSO-de) § 768 (1, J= 7.8 Hz, 1H), 7.56 - 7.40 {m, §H), 7.31 - 7.24
{m, TH), 6.76 {d, /= 7.1 Ha, TH), 6.52 (5, 2H), 6.22 {5, TH), 4.75 - 4.65 {m, 1H}, 4.39 (s,
AHY 3T (0= 7.6 He, 2H), 2.63 (5, 2H), 2,41 - 2.24 {m, 4H), 2.01 - 1.89 {m, 2H)}, 1.71 «
L35 (m, 2H), 124 (d, 7= 6.6 He, 3H). BS/MS 3522 (M+HN.

,lr RS : -

i
L e N
NF

M2 se

{0365] (S0 (5-03 2»@3;3«7«33&@;‘3&1‘@[3,S}ﬁﬁnﬁn«?w}r‘i}pmpyi}na@uﬁmm}~ph@nyim3;’im
dihydroguinazolin-2-ylethyamine -2, 8-diaminopyrimidine-S-carbonitrile {Compound 64).
HNMR (&%{}ﬂ Mz, DMSO-di} 8 9.63 (5, 1TH), 775 — 7.68 {m, 1H), 7.64 - 7.42 {m, 6H),
740 - T35 {m, 2H), 715 - 6,60 (br my, 3H), 461 - 4.50 (m, 1HL 387 (dd, J= 10,6, 6.4 He,

JHY, 3778 ~ 3,09 (m, 2H), 348 (1, 7= 5.2 He, 2H), 337 (L, /=53 Hy, JHY 320302 imy
H), 106 (4L J= 111, S8 He, 6H), 119 (d, 7= 6.8 Hy, 3H). ES/MSR 56623 (M.

{B8366]  Example 8. Prepavation of 2 Compound of Formula O

158
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36T AL Prepavation of & Compound of Formuda () in whichnis 1, R 4s vinyisulfonyd,

mis 1, R s F, R is methyl, ’Ye ovano, R is hydropgen, R® is NHz, and R’ is NH,

|9
L\ é;Q a ff;;\\
f’&,\(ﬂi L\ N x"'\\\ Pt &
(AP
HNL NN,
I3
. _E;:,.-f w.«

Ny
{08368 To a solution of (83-2,4-diamine-6-((1 ~{3-{3-fluorophenyi}-5-{(2-
h}«‘dﬁ'@xyﬁmy‘i}suiibﬁyﬁ}m-@«am{%ﬁ@ihyﬁmquinamE.iﬁ_vzi“y'i}@?hyi}amii'm)pyrimiéinsu.%»
carbonitrile (127 mg, 0.24 mmol) in dichloromethane {1 mL) was added ptoluenesulfonyl
chioride (33 mg, 0.2% mmol}, 4-dimethylaminopyridine (3 mg, 0.024 mmol} and
triethylamine (.05 mL, 0.36 mmol). The resulting mixture was stirred 8t room temperature
for 2 days. The reaction was poured inte saturated NaHOO3 and extracted with BtOAc {2x}.
The organic phase was dried over Mg804, concentrated, and purtfied by column
chromatography on silica eluting with BtOAe in hexanes {10-] 0%} to afford (82,4~
digmino-6-({1-(3-(3-flucrophenyl 4-oxo-5-(vinyisulfonyl)-3 A-dibydroguinazolin2-

yijethyhaminolpyrimidine-S-carbonitrile. BS/MS mbi = 5071 M+
{00369 Example 9. Preparation of a Componnd of Formula ()

[#0378] A, Preparation of 8 Compound of Formula (0 io whichnis 1L, R is 2-{pvrrolidin-
yhethyDsolfonyl mis L RO E, R s m sthyl, R® is ovano, R is hydrogen, R® {s NH,, and
R s N,
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883711 To a solution of (8)-2,4-dlamine-6-{{1-(3-(-flnorophenyi}-4-0x0-3-
(vinyisulfony-3,4-dthydroquinazolin-2-yliethyl lamino jpyrimidine-S-varbonitrile (33 myg,
0.065 mmol) in THF (I mL) was added pyrrolidine {3.021 mi, 0.26 mmol). The resulting
rixture was stirred af room temperature for 1 The reaction was concentrated followed by
ivophilization in acetonitrile-water to afford (8)-2,4-diamine-6({(1-(3-03 -fluorophenyip<d-
oxe-S5-{(2-{pyrrolidin-1-ylethyhsatfonyl}-3 4-dihydroguinazolin-2-
yhethyljaminolpyrimidine-S-catbonitrile (Compound 82} HNMR (400 MHz, DMSO) 3
834 827 (m, TH), 818~ 808 {m, 28D, 7.65 - 7558 {m, 2H), 7.47 - 7.29 {m, IH}, 6.99 ~
§.90 (m, 1H), 6.59 (brs, 2H), 6.27 (brs, 2H}, 4.97 - 4.88 (m, 1H}, 4.07 - 3.90 (m, 2H}, 2.81
~ 2,70 (i, 2L, 239 - 220 (m, 4H), 1.55 — 148 {m, 4H}, 1.41 {4, ¥ = 6.8 Hz, 3H}. EB/MS
5782 (M+H.

03T Example 10 Preparation of a Compound of Formula ()

803731 A. Preparation of a Compound of Formula {T) in which nis 1, R s 1,2.3,6-
tetrahydropyridin-d-vl, , m i 6, R is methyl, R is cyane, R is hydrogen, R® is NH,, and R

160
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834 Tert-butyl 4+(4.4,5,5-tetramethyl-1 .2 -dioxaborolan-2-y1)-3,6-dihydropyridine-
{2 H -carhboxylate (0.29 g, 0.93 mmol), (8)-2,4-dlamino-6+{{1 -{S-bromo-d-oxo-3-phenyh-3,4-
dihwdroguinazolin2-ylethylaminopyrimidine-S-carbonitrile {8.22 g, 0.47 mmoly, fHL1-
bis{diphenylphosphinoYferroceneldichloropatiadiumdil} dichloromethane complex (34 mg, 10
mol%) were taken up in 1, 4-doxanes (S mL). A solution of saturated aguecus sodinm
hydrogen carbonate (2.5 mL) was added. The mixture was heated with magnetic stirring for
90 minutes at 120 °C before being allowed 1o cool to room temperatire. The mixiure, diluted
with dichloromethane and water, was filtered through a pad of Celite diatomaceous

carth. The agucous phase was extracted twice with dichloromethane. The combinsd
organics were died over anhiydrous magnesium sulfate, filtered, and concenirated vnder
reduced pressure to provide (N-teri-butyl 4-£2-(1-((2,6-diam no-S-cyanopyrimidin-4-
yi}amistm}@ﬂiayi}m@«@mm3--phmyi»3,4»&%1‘3.3;{1?@&;;uinazssiinv5wyi}»:’i,f:imﬁii‘i‘}ydmpyridine«"i {ZH}
carboxylate, which was carried forward withow further purification. ES/MS 380.3 (M
A solution of crude {(Si-tert-butyl 4-02-(1-{{2.6-dlamino-3-cyanop yrimidin-4-yhaminejethyl}
4*-0%.@*3»-@&1@11}??\"3ﬁ%ﬁﬁijﬁi?ﬁgﬂiﬂﬁ?&ﬁﬁﬁvS-yi}“Sﬁmdi‘h}’{h’ﬁf{}y{‘iﬁiﬂsﬁ"1{EH}%‘;&Y&QK}%E@&
{assumed 0.47 mmol) in dichloromethane {3 mi) was treated with irifluoroacetic acid {3.88
mi, 17 mmol), Afler stirving overnight, the mixture was concentrated to dryness under
reduced pressure.  The residue was purified on a Gilson HPLC system, shiting 5%
seetonitniie/Os % water {011 % TFA modifier in both solvents) i 78 % acetonitrile over 38
inutes, Fractions were concentrated to furnish (§)-2,4-dlamino-6-{{1-{4-ox0-3-phenyi-5-
{1,2,3 6-tetrahydropyridin-4-yi}-3 4-dih ydroguinazelin-2-yljethyDamine jpyrimidine-5-
carbonifrile, irifluoroacetic acld salt (Compound 33} T NMR (400 Mz, DMSG-ds) § 8.90
(s, PH), 7.90 (dd, = €2, 7.3 He, 1H), 7.75 {dd, J= 83, 1.2 He, 1}, 7.65 {bs, 2H), 7.59 -
7.49 ¢m, SH), 7.47 (m, 1H), 7.23 (dd, 7= 7.4, 1.3 Hy, 1H), 719 {hs, JHD, 549 {8, 1H}, 4.92

il
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¢m, ), 3.72 {my, 283, 3.27 (m, 2H), 247 (m, 2H), 139 (d, 7= 6.6 Hz, 3H). ES/MS 480.2
(M+H L

06378]  Example 11 Preparation of a Compound of Formula {0}

0376] A Preparation of 8 Compound of Formula (I} io whichnis 1, RUsCL . miso &

is methyl, R 48 cyano, R is hydvogen, R 18 NHy, and R is ¥

P
!\\\;.::;’x'.‘\ {;’L\\f.r’

HMN. N F
\T.a Q\T,.v
H
H
A - N

iRt

M- :

NHz  {106)
BA3TTY To (Si4-amino-G-{{1 ~{5-chloro-4-gxo-3-phenyl-3 4-dihydroguinazolin-2-
yhethyDamine)-2-Gmethylihiopyrimidine-S-carbonitile (0.98 g and sodium bicarbonate
{1.6 g, 1.9 mmol} in THF (10 mL} was added potassiom perexymonoselfate (0.91 g, 1 momod)
in water {10 mL} dropwise, When the reaction is complete, water and methyiene chioride are
added. The layers are separated and the solvent was removed in vacue to give d-aming-§-
({8} 1-{S-chioro-d-oxo-3-phenyl-3 4-dihydroguinazelin ~Z-yhethyhaming}-2-
(methyisulfinyDpyrimidine-S-carbonitrile. To 4-amino-6-{{{8)-1-{3-chioro-4-oxp-3-phenyl-
3 A-dilvydrogquinazoin- 2.y ethyDamine-2-(methyl sulfinyDpyrimidine-S-carbontrile i THY
(3 mL) was added tetrabutylammonium fuoride fn THF (1 M THE, 46 mg, .19 romol},
After stirring for 24 b, & few drops of water were added, the reaction was filterad, the solvent
was removed in vacuo, and the residne was purified on a Gilson HPLC system, eluting with
acetonitrile/water (0.1 % TFA modifier). Fractions were concentrated to furnish {8)-4-
aming-6-{{ 1-{5-chioro-4-oxo-3-phenyl-3, 4-dibydroquinarolin-2-ylethyhamina -2

flugropyrimidine-S-carbondtrile Compound 106}
883781 Example 12. Preparation of a Compound of Formula (I

G8379] AL Preparation of a Compound of Formmla () in whichnis 1, R e O, mis O, R
and R together are 4-{Z-amincacetamido)pyrrolidine-1-y1 attached at the 2-position of the

pyrrolidine to the quingzolinone, R is cyano, R is NH;, and R’ s NH,
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NH, (115
TH03RGT  Solid X0 {39 mg, 0.28 mmol) was added {o stirring sohution of N-{(3R,58}-5~
{S~chloro-d-oxo~3-phenyl-3 4-dihydroquinezolin-2-yh-1-{Z,6-dlamine-S-cyanopyrimidin-4-
vhpyrrolidin-3-yh-2,2 2-riflucroacetamide (160 myg, 0.28 mmol} in MeOR/ Water (211,15
mLy atrt. After stirving overnight the resulting mixture was concentrated then puwrified on a
silica column to give 2, 4-diamine-6-{{28,4R - -amino-2-{S-chloro-4-oxo-3-phenyl-3 4
dihydroguinazolin-2-yhipyrolidin- -yhpyrimidine-S-carbonttrile. HATU (60 mg, 0.18
ol DMAP {1 mg, 0.01 nunol), and THEA (0.028 mL, 0,16 mmel) were added to &
stirring solution of N-Boe glycine (18 mg, 0.16 numol} in NMP Z mi) at . After S min 2.4-
daming-6-{(25,4R -4-amine-2-{ S-chloro-4-oxo-3-phenyl-3,4-dibydroguinazolin-2-
yhpyrolidin- 1-yDpyrimidine-S-carbordirile (30 mg, (.11 mmel) was added and stirred for an
additional 15 min. The resuliing mixtors was losded directly on to silica cohunm and purified
1o give tert-butyl 2-{3R,583-5-(S-chloro-4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yi}-1-
{2, 6-Hamino-S-cyanopyrimidiv-4-yhipyreolidin-3-vlamino - 2-oxoethyhearbamate. TFA {2
ml} was added to a stirring solotion of tert-butyl (2-{{{3R,58}-3-(F-chloro-4-oxo-3-phenyt-
3, 4-dihydroguinazotin-2-v1)- 1-{2,6-dimmine-S~cyanopyrimidin-d-yhpyrrolidin-3-vhaming -2+
oxoethylcarbamate (87 mg, 0.11 mumol} in DCM {2 mL} at vt After 30 min the reaction
mixture was concentrated and purified by HPLC o give Z-amino-N-{(3R,353-5-{5-chloro-4-
oxo-3-phenyi-3,4-dibyvdroguinazolin2-y13-1-(2,6~-diamino-3-cyvanopyrimidin-4-yijpyrrolidin-
J-yhacetamide (Compound 118} HONMR {400 MHz, DMEO-IY § 853 (d, F = 7.2 He, 1H),
786 (d, T =24.0 He, 4H), 7.68 (, F= 8.0 Hg, 1H), 7.63 - 743 {m, 3H}, 6.74 (m, 1H), 6.42
(m, 1H), 4.85 — 4.47 {my, 2H), 411 - 328 {m, SH), 2.67 - 2.60 (m, 1H), 2.44 —2.24 (m, 1H),
1.67 {5, 1H) ES/MS S3L1 (M+H)

381 B. Following the procedure described fn Examnle 12 and Reaction Scheme §
. 8 { iy ;

helow compoungd of formula () was prepared:
L8
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[O382]  Z-amino-N-{{3R,38}-5-(S-chlore-3-(3, S-difluorophenyD-4-0x0-3 4~
dﬁiyﬁmquﬁzamiin~2~y§}~’iM{E,6md§amimsmS~;:yampwimidmm4~y§)§yrr{ﬁidinm3nyi}aceia;misiéz
{Compound 118}, 1H NMR (400 MHz, DMSOQ-A6) § 856 (d, = 7.3 He, 1H), 7.91 (5, 3H},
THT I=90 e, THY, 7.70(, T = 8.0 Ha, TH}, 7.56 - 7.40 {m, 4H), 6.89 « §.70 fm, 2H),
477 4,54 {m, 2H}, 4.28 - 412 {m, 1H), 3.80 - 3.65 (m, 1H), 352 - 3.39 (m, 2H), 2.43 ~
2.23 {mm, ZH), 1.84 — 1,69 (m, TH). BS/MS 8671 (M+H.

Biclogical Examples

{0383} 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
te compare the PI3K isoform activity and selectivity of the compeounds tested, including
selectivity to PI3KS, A cellular assay measuring basophil activation was used to assess the

potency of the compounds tested.

{B0384]  Enzymatic activity of the class I PI3K isoforms in the presence of certain
compounds of the present application and conpounds X and Y was measured using a time-
resolved Huorescence resonance snergy transfer (TR-FRET) assay. Compounds X and Y

have the following structures:
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[P038S]  TR-FRET monitored the formation of 3,4,5-inositol triphosphate molecule that
competed with fluorescently labeled PIP3 for binding to the GRP-1 pleckstrin homology
domain protein. An increase in phosphatidvlinositide 3-phosphate product resalted ina
decrease in TR-FRET signal as the labeled fluorophore was displaced from the GRB-1
protein binding site. Class I PI3K isoforms were expressed and purified as heterodimeric
recombinant proteins. All assay reagents and buffers for the TR-FRET assay were purchased
rom Millipore. FI3K isoforms were assayed uader initial rate conditions in the presence of
25 M Hepes (pH 7.4}, and X Km ATP (75-500 uM), 2 pM PIP2, 5% glveerol, § mM
MgClz, S0 mM NaCl, 0.058% {(v/v) Chaps, | mM dithiothreito], and 1% {v/vy DMED at the
following coneentrations for each isoform: PI3Ke, PI3KB, and PI3KA between 25 and 50 pM,
and PI3Ky at 2 oM The compounds of Table 1, Compound X ({83-2-(1 <{({0H-purin-&-
yhaminolethyl}-5-chioro-3-phenylquinazolin-4(3H}-one} and Compound Y {({8)-4-aming-6-
{{1-{5-chloro-4-oxo-3-phenyl-3 4-dihydroquinazolin-2-yhethyhaming pyrimidine-5-
carbonitrile), were added to the assay solution and incubated for 30 minutes at 25°C.
Additionally, compounds 19 to 116 were added (o the assay solution and incubated for

30 munutes at 25°C. The reactions were terminated with a final concentration of 10 mM
EDTA, 10 nM labeled-PIP3, and 35 nM Buropiom labeled GRP-1 detector protein before
veading TR-FRET on an Envision plate reader (Fx: 340 wm; Bra: S15/665 am; 100 us delay

and 300 ux read window).

B03RG]  The results were normalized based on positive (1 pM wortmanin and negative
{DMSO} controls, and the [Csp values for PIIK , §, §, and v were caloulated from the St of
the dose-response curves to a four-parameter squation. These assays generslly produced

results within 3-fold of the reported mean,
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IBO38T} Table 2 suwomarizes the I0s (M) values for P isoform § (ICs for PI3K 8, a,

and y are not shown). Table 3 summarizes the s GM) values for PRK isoform 8 {ICs for

PIIK B, &, and y are not shown}. The results indicate that certain compounds of present

application inhibit PIKS.

Table 2. The 15 values (nM) for PRK iseform 3.

Compound [Cs0 (b}
19 9
20 21
21 30
22 22
23 10
24 10
25 36
26 21
27 37
28 2
28 220
30 &
31 4
32 83
33 24
34 46
35 7
36 2
37 0.5
38 (.5
39 2

Table 3. The ICs; values (nM) for PI3K isoform 5.

166

Compound ICs0 inbA) Compound ICs (nk4)
ia 5 12a i
2a 10 13a 1
3a 0.3 i4a 19
43 49 f5a &
Sa 3 16a 4
Ha 41 17a-1 6
7a 6 {7a-2 8
Sa 2 18a 6
Ja 61 X 1

i0a 2 Y 3.4
1la 14
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40 4
41 25
42 20
43 g
44 13
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
&7 119
68 30
69 1
70 3
71 2
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
35

86
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87 23
88 17
39 2
90 3
91 17
92 7
93 17
b4 2
95 160
96 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
{11 9
112 17
113 7
114 0.9
115 64
£16 7

[00388] Al of the UL, patents, ULS, patent applivation publications, 11.8. patent
applications, fureign patents, foreign patent applications and non-patent publications referred
io in this specification are incorporated herein by reference, in their entirety to the extent not
inconsistent with the present description. From the foregoing it will be appreciated that,
although specific embodiments of the invention have been deseribed herein for purposes of
Hlustration, various modifications may be made without deviating from the spirit and scope

of the prosent application.
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CLAIMSE
What iz claimed is:
L. A compound having the structure of formuta ()
A S
GUN [
T:\{ N v_..-“i\\ N - \\J_,.«*J
> L ﬁl‘.
\’v i AJ‘ e
57
Fggg f"\\\f:;i- N
R )

A NorCH;

nied, 1,3, 3 or g

miis 8, 1,2, 3, ord;

sach R' is independently selected from optionally substituted alkyl, optionally
substituted haloallovl, optionally substituted aryl, optionally substituted heteroaryl, halo,
eyano, NHC=0alkylene-N{R "), NO,, OR™, NER ™, OCEOR'S, OFORD, O=mor ™,
arvi-OR Y, eptionally substituted cyeloalkyl, optionally substituted heterooyeloalioyd,
NRPC=0aliylene-C{=0)OR ™, aryl-O-alkylene-N(R W)y, aryl-O-CH=0IR Y, alkylene-
C=0OR™, alkylene-CEOINGR Y, alkylens-C(=0)-Het, Goaliylene-CE=0)0R ", alkylens-
O-alkylene-CEOIORY, C=0INRSORY, alkylene-NER™),, alkenviene-NR™),
C=0)NR "alkylene-OR ™, C=0INR "alkylene-Het, O-alkviene-N(R ™), O-alkcviene-
CHEORMCHNR ™, O-atkylene-Her, O-alkylene-C=0YRY, O-alkylene-C=03)-Het, §-
alkylene-ORY, Oealkylens-OR ™, 0.0 reatkylene-CHIOR MO, calkviene-OR ™, Oalkviene-
NRPCEOIOR™, NR Y alkylene-N(R ), NRPCEOIR'S, NRUCEONER M, N(SOy-alkyll,
NRPSO-alley]), SORE, SONER MY, alkylene-aryl, alkylene-Het, alkylene-ORY, alkylene-
NER ™, C{=0INR Y, NHOE=Oalkylene-aryl, aryl-O-alkylens- N(R ™, aryhOC{=0RY,
NHUEO)alkylene-heterooyeloalkyl, NHOG=Ohalkylene-Het, Oeallylene-Q-alkylene-
C{=NORY, C{=Ualkylens-Het, and NHCEOhalo-alkyl,

wherein Het is optionally substituted hetercaryl or optionally substituted
heterooyeloalkyl, wherein RY ig independently hydrogen, optionally

substituted alkyl, optionally substituted haloallyl, optionally substituted
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eyeloalkyl, optionally substituted heterooycloalkyl, and optionally substituted
aryl, wherein RY is independently hydrogen, optionally substituted alkyl,
optionally substituted haloalkyl, optionally substituted arvi, and optionally
substituted heteroaryl, and wherein R 35 independently optionally substituted
alkyl, optionally substituted haloalkyl, optionally substituted eycloalkyl,
optionaliysubstituted heterooycloalkyl, and optionally substituted aryi:

each R” is independently selected from hale, eyano, optionally substituted allovl,
haloalkyl, SON{E™Y,, and optionally substituted atkoxy,

whereln R s hydrogen, optionally substituted alkyl, or optionally substituted
haloalkyl;

R is hydrogen, optionally substituted alkyl, optionally substituted haloalkyl,
optionally substttuted oycloatkyl, optionally substitnted aryl, optionally substituted
heteroaryl, or optionally substituted heterocveloallovl;

R s bydrogen or alivl, or B and R together with the atoms fo which they are
attached optionally form an optionally substituted four-, five- or six-membered heterooyehic

R* s eyano, CEOINRYRY, SOnp-allyl, halo, haloallyl, or CEORY

wherein each R™ and RY is independently hydrogen, optionally substituted
allevl, and optionally substituted haloallyl;

R is NH,, halo, aptionally substituted alleyl, or optionsily substituted haloalkyl; and

R s NH,, halo, aptionally substituted allkyl, or optionally substituted haloalkyl;

provided that when R and & form a S-membered heterocyelic ring that is optionally
substituted with hydroxyl, halo, or methoxy, R is evano, R is aming, and R’ is amine;

or a pharmaceutically scoeptable salt, isomer, or a mixture thereof

o

2. The compound of claim 1, or & pharmaceutically acceptable salt thereof, wherein the

compound 18 a compound of formala (O)

o,
el
£y
et
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wherein:
nisiord;
misd, 1, ord;
cach R is independently Cysatkyl, Cochaloalkyl, Cigoycloalkyl, Gy
sheterocyeloatiopl, Csgheteroaryl, Cs.paryl, halo, cyane, Op0ary-OR Y, O salkylene-Cs.
iy, Cgalkyviene-Het, Crealkvlene-C goyeloalkyl, {i;“gz;iikyiensui}ﬁii Ciealkylene-
NER T, Osgalkenylens-ORY, Co salkenylene-N{R ™), Oy ealkylene-CH=OM0R™, Cu
fg&ﬂk}'i@ﬁ@m{:{ﬂ{}}?\i{R.m}gs Crsatkylene-Cl=0-Het, O-C salkylene-CEOYOR', € salloylens-
-0 galivlene-CE=MOR Y, Cpsalkenylene N(R ™), ORY, O-CreatkyleneNER ™), O-Cr
calicylene-CHIORMCHNR My, 0-C1salkylene-Het, O-Cusaliylene-Ci=010R ™, O-Cy.
salkyiene-CE0)-Hey, 0-Cgalkylene-OR™, 0-Cygatiylene-CHIORMC, eatkylens-OR™, O-
s salkenviene-ORY, 0-Cyealkenylens NR ¥, O-Crealkylene-NRPCE=MORY, 0-Cy
caliyiene-O-C galkviene-C=OIOR Y, SOR Y, 8.0 qalkylens-ORY, and SO;NR™y,
wherein Het is Cpsheteroaryl or (r sheterocyeloallyl, wherein R™ig
independently hydrogen, Crealkyl, Crehaloalkyl, Cagoycloatkyl, Copearyl, To.
sheterooveloalkyl, and Cagheteroaryl, whersin RY is independently hydrogen,
Crsaliovl, Crghatoatkyl, Co.pparyl, and Cysheteroaryl, wheretin R
independently Cralkyl, Crghaloalkyl, Cyapeveloalkyl, Copearyl, To.
sheteroeycloalkyl, and Cashetercaryl, and wherein each of Het, BRY R and
R iy optionally substituted with one, two, three, or four members
independently selected from halo, oxe, Cysalkyl, and Cerparyl;
sach R” is independently halo, oyano, Crealkyl, Oy shaloalkyl, SON(R™Y,, wherein
R 45 hydrogen, Crealkyl, or O ehaloaliovh
w23 hydrogen, Cysaliyl, Cyshaloalkyl, Cageyclealionl, Coaparyl, wherein the €y
saliovl moisty is optionally substituted with LOE=ONRPRY, whereln each ™ and Y ig

independently hydrogen, Crealkyl, or Cghaloalkvl
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R is hydrogen or Crealkyl, or R¥ and R together with the atoms to whick they are
attached optionally form a four, five- or six-membered heterocyclic ring, wherein the
heterocyelic ring is optionally substituted with one, two, or three members independently
selocted from hale, Crsalion, T dhaloalkyl, and NRFCEOIRY where R™ is hydrogen or O
salkyl, and R is Crsalioviene-NHy, Crs alkviene-Cygoyeloalkyl, or Oy shaloalloyl;

R s cyano, CE=ONRYRY, 80, Cpsaliov, halo, Oy shaloalkyl, or Of=(R™, whersin
gach R™ and RY is independently hydrogen, Ursalkyl, or Cghaloalkyl;

RY iy NH,, hale, Creatkyl, or Oy shaloalkyl, and

B is NHa, halo, Crsatkyl, or O shaloalkyl.

3. The compound of claim 1 or 2, or & phammaceutically acceptable salf thereot, wherein
cach R s independently methyl, chloro, fluore, eyano, tetraliydropyridinyl,-CHp-C{=(0H,
L HACEOOH, -CiHeCEOOH, ~CH-CEOINH, -CHp-CEOMINICH b, -Gl
C{=CHNH,, ~CiHeCEON(CH ), ~Cale-OE0INH,, -CiHe-CEUNCHa Y, ~CHp- O
Het, CpHe-Ul=01-Het, -0y He-C=0)-Het, O-CHp-CEOH0O:H,, O-OR-CEQDGH,, O-
CaHe- OO0y, -CHy-Het, -CoH-Het, -CillgHet |, -CHp-oyclopropyl, ~CUaHy-
evelopropyl, ~CsHe-cyvclopropyl, -CHa-eyelobutyl, -CyHy-oyolobutyl, ~CyHg-ovelobutyd, -
CHy-cyclopentyl, -CoHs-cyclopentyl, -CsHg-cynlopentyl, ~CHp-cyclohexyl, ~Caly
cvelohexyl, ~CyHg-cyclohexyl, O-CHp-NEy, O-CHpNH;, O-CiHe-NH;, O-CH-N(CH b, O
CHeNECH D, O-CiHe N{CH ), O-CHy-Het, O-Cole-Het, G-UaH-Het, O-Crlp-C=0M0H,
O Hpr CE=CH0H, O-CaHp-CEOYH, O-CH-CE=MIOCH,;, O-CiHeCEOOCH,, O-Gille
C{EOYOCH,, O-CHpCEORHet, O-CHOCH N CHOH Y, S-Cal O, 5-C3HOH, 80;-
phenyvl, SOy-methyiphenyl, -SOz-sthyiphenyl, -8Os-cyclopropyl, -80yp-cyclobutyl, 50~
eyelopentyl, ~-80,CyH-Het, -80,CHj, -8 H, ~80UsH,, ~SOULHAOH, or -SO.CLHOH,
wherein Het is independently selected from piperidinyl, morpholiny], piperazinyl, azepanyl,
imidazolyl, oxetanyl, azetidinyl, pyrrolidingd, tetrahydropyridiny, 2-oxa-7-
szaspivol 3. Slnonanyl, 2-oxa-G-azaspiro[3.4Joctanyl, and é-oxa-1-azaspivol 3.3 Theptanyl,
wherein sach of the piperidinyl, morpholing, plperaziny], azepanyl, imidazolyl, oxetanyl,
azetidinyl, pyrrolidiny, tetrabiydropyridinyt, 2-oxa-T-araspive{3. S nonanyl, 2-oxa-6-
azaspive]3.4loctanyl, S-oxa-1-azaspiro] 3.3 Theptanyd, eyclopropyl, cyelobutyl, eyclopentyl,
and cyclohexyl moleties is optionally substituted with one, two, three, or four members

independently selected from fluore, chioro, methyl, ethyl, propyl, oxo, or phenyl.
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4, The compound of any one of claims 1 to 3, whereln each R is independently fluoro,
chioro, hromo, fode, cyano, mwethyl, ethyl, propyl, fluoromethyl, diftuoromethyl,
triftuoromethyl, Roorosthyl, diffuoroethyl, wiffuorosthyl, and SO NH,

5 The compound of any one of claims 1 {o 4, wherein R is methyl, ethyd, propvl, -CHa-
C{=0INH, ~CoRe-CEOINH, ~Calle CEOIN,, <CH-CEOINICH ), -Cala-

CEOWNICH ), ~CalHe-CEOINCH ), cyclopropyl, syclobutyl, or phenyl.

8, The compound of any one of claims  to §, wherein 1 is ~CH-Of=QINR,, ~CpHye
C{=0NHy, -CaHe-C=0RNH,, CHC{E=0IN(CH, Yy, ~CoH-CEOINCH Y, ~Ualen
CE=OIN(CHs b, eyclopropyl, cyclobutyl, or phenyl.

7. The compound of any one of claims 1 to §, wherein, & is methyl, ethyl or

cyclopropyl.

~ - . . . 4 - .
8. The compound of any one of claims 1 to 7, wherein R 18 ¢yane, chioro, brome, iodo,

or U{={NCH;,

g. The compound of any one of clatms 1 to §, wherein R’ is hydrogen, methyl, ethyl, or

propyvi.

10, The compound of any of clatms 1 to 8, wherein R® s N¥H,, chioro, finore, methyl,

ethyl, or propyl

itl. The compound of any of claims 1 o 10, wherein B’ is NH,, fluoro, chiore, methyd,

gthyl, or propyl.

12, The compound of any of claims 1o 11, wherein 17 and R together with the atoms to
which they are attached opticnally form a heterocyclic ring, whersin the heterocyelic ring is
selested from azetidinyl, morpholinyl, or pyrrolidiny!, whereln each of the azetiding,
morpholingl, and pyrroliding! moieties is optionally substinuted with 1, 2 or 3 groups which

ave independently Cr alloyl, methoxy, ethoxy, halo, N{CHCEOKCHNH,,
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N{CHAOEOWHE,, NCHDCEQICHCF,, N(CH ) CEOeyalopropyl, NHCEHOIHNH;,
NHCEOWHE,, NHOEGCHOF,, NHCEO Hyeydopropy! or NHCEOyolopropyl.

13, The compound of claim 12, wherein cach R is independently chlore, fluore, cyane,

mothyl, SChyephenyi, -80,CH,, ov SCaHe-Ci=0H.

14, The compound of any one of olatms 1 to 11, whereiu

R® is methyl;

nistord;

and one R is tetrahiydropyriding, CHp-CEOI0H, ~Col-C=0H, -Cale
C{=OH, ~-CHpC{=0NH,, ~CHy-CEOIN(CH ), -CoHe CHEOINH, -G HeCEOINICHz R,
SO M- C{=NH, ~CaHe-CEOMNCH Y, -CHRe-CEQ)-Het, CoHp-C=0)-Het,-Cite-C(=0)-
Het, O-CH-C00Hy, O-CpHe-CE=OY0C:H,, O-CiHe-C000Hy, ~-UHp-Het, ~Colle
Het, ~CyH-Het , ~CHy-oyclopropyl, ~CoHe-oyclopropyl, -CsH-oyclopropyl, -CHp-cyclobutyl,
OaHeovelobutyl, -Cillgoyelobutyl, ~-CHy-cyelopentyl, -Cale-cyclopentyl, -CiHe
cvelopentyl, ~-CHy-eyelohexyl, ~Colacyelohexyl, ~CaHg-oyelohexyl, O-CH-NH,, OO -
WH;, O-CasHe-NHy, G-CHp-N{CHz ), O-OHEN{TH b, O-CiHe-N{CH b, O-CHy-Het, O-
CoHeHet, O-Cale-Het, 3-CH-CEOOH, GO H-CEOOH, O-CiHe-CEOYOH, O-CHy-
CEOHCH:, O-CH-CEOIOCH;, O-CiH-CiEQYOCH;, O-CH-Ci03-Het, O
CHO(CHNOH Oy, S-CoHL0H, S-C:HOH, 8G-phenyl, SCr-methylphenyl, -850
gthviphenyl, -SOp-cvclopropyl, ~SOr-oyclobutyl, -80z-cyclopentyl, ~-SG,CoH,-Het, -SG:;CH,,
B0 s, 8005 Hy, -80C;HaOH, or SO HOH; wherein Het is tndependently sefected
from piperidingl, morpholiny!, piperazinyl, apepanyl, Imidazolyl, oxetanyl, azetidingd,
pyrrolidinyl, tetrabydropyridingl, 2roxa-T-azaspiro] 3. Sinonanyl, 2-0x8-6-
azaspiro]3.4loctanyl, and 6-oxg-1-azaspiro[3.3Theptanyl, wherein each of the piperidinyl,
morpholinyl, piperazinyl, azepanyl, imidazolyl, oxetanyl, avetidinyi, pyroliding,
teteabiydropyridinyt, 2-oxa-T-gzaspive[3. S nonanyl, Z-oxa-6-azaspire[ 3. 4joctanyl, G-oxa-1-
azaspirel 3.3 Theptanyl, cyclopropyl, cyclobutyl, cyclopentyl, and oyclohexyl moieties i
optionally substitated with one, two, thres, or four members independently selected from

fuorn, chlore, methyl, ethyl, propyl, oxe, or phenyl.
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15.  The compound of any one of clatms 1 fo | whereim
cach R’ is independently methyl, chloro, fluore, or cyane,
R is methyl or ety
R ig eyane or halo;
8% ig NH,, hale, or Cra alkyl; and
R {8 NH,, halo, or Oy allyl;

wherein only one of R® and R is NH,.

16, The compound of any one of cladms T to 15, wherein the compound {8 an {8

enantionmer.
17, The compound of any of claims 1 to 1§, wherein the compound is an (R)-enantiomer,

18, The compound of clatm 1 or 2, wherein the compound i selected from the group
consisting oft

{8}-2~{oyclopropyi{{2,6-dlamino-S-cvanopyrimidin-4-ylaminooethyl b4-0x0-3-
phenyl-3 dudihydroguinazoline-S-carbonitrile;

{S2-{ovclopropyl{ (2 5-dlamine-S-cyanopyrimidin-d-yhaminoymethyh-8-fluoro-4-
oxo-3-phenyl-3 4-dihydroguinazoling-S-carboniirile;

{812 d-diamine-6-{{{5-chloro-4-oxo-3-phenyl-3 d-dibydroguinazolin-2-
vhiphenymethyDamino pyrimidine-S~carbonitrile;

{$}-2-{oyvclopropyli{ 2, 6-diamino- S-cyanopyrimidin-4-vhamine imethyl }3-3-
{difluoromethyl)-3-fluorophenylb4-oxo-3 4-dihydroquinazoline-5-carbonitrile;

{%)-2.4-diamnino-6-{{cvelopropyi(3-(3-HrorophenyD-3-{methylsulfonylh-dooxo-3,4-
dilivdroguinazolin-2-yimethyDaminojpyrimidine-$-carbonitrile;

{§}-2,4-diamino-S-{{oyclopropyi(3-{2-fluorophenyl}- S-(methylsulfonyl - d-oxo-3,4-
dihydroquinazolin-2-yhmethyDaminepyrimidineg- S-carbonitrile;

{3)-2,4-diamino-6-{{cyclopropyl(3-2-luorapheny - S-tmethylvuHonylp-d-0x0-3,4-
dihydroguinarolin-2-ymethylaminopyrimidine-S-carbonitrile;

{812, 4-diamino-&-{{cyclopropyl(3-(2, 6-difluorophenyl}-S-(methylsulfonyl }-d-oxo-
3,4-dihydroquinazolin-2-vimethyljamino jpyrimidine-S-carboniirile;

{$)-2-{cyclopropyl{(2, 6-diamine-S-oyanopyrimidin-d-yhaminoe hmethyl}-6-tlaoro-3-

{3-flusrephenyl4-ox0-3 4-dihydroguinazoline-8-carbonifrile;
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(8)-2-{cyclopropyi((2,6-dlamino-S-cyanopyrimidin--yhamino ruethyl}-6-fuore-4-
oxo-3-phenyl-3,4-dihydroguinazoline-8-carbonitrile;

{83-3-(5-chioro-3-(3,5-difluorophenyl-4-oxo-3 4-dihydroquinaeolin-2-y1}-3-{(2,6~
damino-S-cvanopyrimmidin-d-yhamine N N-dimethylpropanamide

{2)-3-{5-chloro-d-oxo-3-phenyl-3,4-dihydroquinazolin-2-yH-3-{{2,6-diamino-3-
evanopyrimidin-d-yDamine-N,N-dimethylpropansmide;

(832, 4-dHamine-5-{{{3-(3~oyano-5-fuorophenyl-F-methyl-d-oxo-3,4-
dhydroguinazoline2-vieyclopropyimethyl jaminojpyrimidine-3-carbonitrile;

(832, 4-dlamino-6-((oyclopropyl(3-(3,5-diffuorophenyl}-S-methyl-4-oxo-3,4-
ditydroguinazolin-2-ylmethyDamino ipyrinaidine-S-carbonitrile;

(83-2,4-diamino-6-{{{ S-chlore-3-(3,5-difluorophenyl}-4-ox0-3 4-dihydroguinazotin-2-
viXeyalopropyDmethyl jaminopyrimidine-S-carbonitrile;

(8)-2,4-damino-&-{{cyclopropyi(3-(3,5-difluorophenyl}-3-Huore-4-0x80-3 4-
dihydroquinazolin-2-yl ymethyl aminojpyrimidine-S-casbonitrile;

{$12,4-diamdno-6-{{oyclopropyl{ 3-fluoro-3-(3-fuerophenyl}-d-oxo-3,4-
dihvdroguinazolin2-yiimethyDandno ipyrimidine-S-carbonitele;

(§1-2,4-damino-6-{{cyclopropyl{(6-Huore-3-(3-fuorophenyl p4-0x0-3 4
dihydroguinazelin-2-ymethyDamino pyrimidine-3 -carbontirile;

{S201-{{S-acetyl-2, 8~diaminopyrimddin-4-yhamino jethyl}-3-chloro-3-(3,3-
diffuorophenylquinazolin-43H }one,

3 A-aming-6-{ 281 2-(S-chlore-3-(3,5-difluorophenyli-4-oxo-3 4-dihydroguinazolin-
2-ylk-d-rpethoxypyrrolidin-1-vDpyrimidine-S-carbonitrile;

(83 2-(1-{{6-amino-S-hrome-2-methylpyrimidin-4-ylamine jethyl}-S-chloro-3-
phenviguinazolin-4(3H}one,

(S3-2-(1-{{§-amino-S-bromo-Z-methylpyrimidin-d-yhaminojethyl)-3-chioro-3-(3,5-
diflucrophenyiiguinarolind(3H pone;

(S)2, 4-diamino-6-{{ 1 -{§-{2-morpholinosthoxy}-4-oxo-3-phenyl-3,4-
dihydroquinazoin-2-yhethvljamine jpyrimidine-S-carboniteile;

{832 4-diamino-6-{(1 {5-{2-{azepan-1-yhethoxy}-4-ox0-3-phenyl-3 4+
dihvdroguinazolin-2-yethyhamine)pyrimidine-S-carbonitrile;

(§3-2, 4-diamine-6-((1 ~{4-ox0-3-phenyl-5-(2-(pyrolidin- Lyhethoxy}-3.4-

dihydroguinazalin-2-ylethylamino jpyrimidine-S-carbonitrile;
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{Shisopropyl 2-{{2-{1-{(2, 6-Hamino-S-cyanopyrimidin-d-yDaminojethyl }4-0x0-3-
phenyl-3,4-dihydroguinazolin-S-yloxyjacetate;

{§1-2,4-ciamine-6-{{{ -{4-0x0-5-(2-{2-oxopyrrolidin- Lyhethoxy}-3-phenyl-3,4-
dibvdroguinasoiin-2-yhethyhamine)pyrimidine-J-carbonitrile;

(332, d-diamino-6-{{ 1-{5-2-{dimethylaminojethoxy-d-oxo-3-phenyl-3 4~
diiydroquinazelin-2-yDethylaminojpyrimidine-3-carvonitrile;

{2}, 4-dlamino-6-{{ 1-{4-0x0-3-{2-0x0-2-(piperidin-1-yl jethoxy}-3-phenyl-3,4-
dihydroquinazoline2-ylethyDaminoe jpyrimidine-S-carbonitrile;

{8)-2,4-diamino-5-{{1-(5-(3-hydroxy-2-{hydroxymethy-Z-methylpropoxy)-4-ox0-3-
phenvl-3,4-dihydroguinazolin-2-yhethylaminopyrividine-S-carbonitrile;

()2, 4-dHamino-6-{(1-{d-oxo-3-phenyl-5-(2-{piperidin-1-ylethoxy}-3 4~
dibydroguinazolin-2-yhethylamino pyrimidine-S-carbonitrile;

{§ 13, 4-diaming-6-{{1-{4-0x0-3-phenyl-5-{2-(4-phenylpiperazin-1-yhethoxy}-3,4-
dikivdroguinazelin-2-yhethyDaminojpyrimidine-S-carbonitrile;

{8}-2,4-Hamino-8-{{ 1-{§-(2-(2-methyl-  H-imidazol- -yl jethoxy-4-oxo-3-phenyl-3,.4-
dihydrogquinazotin-2-vliethyDamine jpyrimidine-S-carbonitale;

2 d-damino-6-{{{1 8} 13- L-methvipyrrolidin-2-vijethoxy)-4-oxo-3-phenyl3,4-
dihydroguinazotin-2-ylethyDamino jpyrimidine-S-carbonitie;

(S)-2,4-diamino-6-{{ 1 -{§-{(3-methyloxetan-3-yhmethoxyi-4-oxo-3-phenyl-3 4~
dihvdroguinazotin-2-ylothyhaminelpyrimidine-3-carbondirile;

{§3-2 d-diaming-8-{{1-{3-{Z-morpholine-2-oxoethoxy}-4-oxe-3-phenyl-3,4-
difwvdroguinazolin-2-yhethyl jaminojpyrimidine-S-carbonitrile;

(912, 4-diamino-6-{{ 1-{S-(2-{4-methylpiperidin-1-yl}-2-oxoethor y}-4-ono-3-phenyl-
1 d-dihydroquinazelin-2-yhethyjamine)pyrimidine-S-carbonitrile;

{$)132- 1{{2, f-dHamino-S-cyanopyrimidin-d-yl jaminojethyh-4-oxo-3-phenyl-3 4~
dihvdroquinazolin-S-ylipropanamide;

{8)-3-(2-{1 ({2, 6-dlamino-S-cyanopyrimidin-4-ylaminoethyl - 8-fuore-4-0x0-3-
phenyl-3 4-ditrydroguinazolin-S-ylipropanamide;

{§13-{2-1-{{2, 6-dlamino-S-cyvanopyrimidin-d-vaming ethy}-3-3,5-
diflnorophenyli-8-fuoro-d-oxe-3 4-dihvdroguinazolin-3-ylpropanamide;

{S3-3-{2-{ 1 {2, 6-Hamino-S-cyanopyrivaidin-d-yi jaminoethyl}-3-(3,5-

diftuoraphenyl p4-oxo-3,4-dihydroguinazolin-S-yljpropanamide;
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{83-3-(2-{1-{{2,6-dimvino-S-chloropyrimidin-4-yhamino bethyhy-3-(3,5-
difluorophenyl)-8-fluoro-4-oxo-3 4-dihydroguinazolin-S-ylipropanamide;

(S1-3-2-{ 1€(2,5-Hamino-3-chloropyrimidin-&-yhaminojethyl - 3-(3,5-
dfluorophenyl d-oxo-3 4-dihydroguinazelin-S-ylpropanamids;

(33-{2-{1-{(2, 6-diamino-S-chioropyrimidin-d-yljaminojethyl}-4-ox0-3-phenyl-3,4-
dibvdroguinazolin-S-yDipropanamide;

{8332 1{(2,6-diamino-S-chioropyrimidind-ylamincethyl}-8-fheore-4-oxo-3-
phenyt-3,d-dibydroguinazolin-3-yhpropanamide;

{832, 4-diamino-6-{{1-(d-oxo-3-phenyl-5-3-{pyrrolidin-1-ylipropyi}-3,4-
dihydroquinazolin-2-yhethyDamine ipyrimidine-S-varbonitrile]

(8)-2,4-Hamine-6-({ ~{4-oxo-3-phenyl-3-(3-{piperidin-1-ylipropyl}-3,4-
dihydroguinazolin-2-yhethyDamino lpyrimidine-8-carbonitnle;

(8)2,4-dlanmino-6-{{1-{5-{3-(3 3 -difluoropyrrolidine Lyhpropyl p-4-0x0-3- phenyi-3,4-
difwdroguinazolin-2-ylethyDamine)pyrimidine-S-carbonitrite;

(832, 4-diamino-6-{{1-{5-{3-{4,4-difluoropiperidin-T-ylpropyli-4-oxo-3 ~phenyl-3,4-
dhydroquinazolin-2-ylethyhaninopyrimidine-S-carbomirile;

3 d-dlamino-6-({1 S 1 1-(5-(3-(3, 5-dimethylmorpholinoipropyl)-4-oxo-3-phenyl-3,4-
dihydroquinazalin-2-yhethyDamine jpyrimidine-S-carbonitrile;

{(8)-2,4-dlamino-6-{{1-{&-fluore-d-ox0-3-phenyl-5-(-(pyrrolidin-1-yhpropyi}-3,4-
dihydroguinazolin-2-yhethyDamine lpyrimidine-3-carbonitrile;

(832, 4-diamine-6-{(1<{3-(3,5-diflvoropheny -4-oxo-3-(3-{pyrrolidin-T-yhipropyl}-
3 4-dihydroguinazolin-2-ylethyhaminejpyrimidine-S-carbonitrile;

{§3-2,4-diamino-6-{{ 1-{5-(3-{2,2-dimethylmorpholinoipropyl}-4-ox0-3 -phegyi-3.4-
dihydrogquinazolin-2-yhethyDandnojpyrimidine- S-carbonitrite;

(S)-2,4-Hamino-6-{{1-{5-(3-(3,3-dimethylmorpholinojpropyh-d-oxo-3-phenyl-3,4-

A Y

dihydroguinazolin-2-yijethyamino ipyrimidine-S-carbonitriie;

{812, 4-diaming-6-{(1-{4-oxo-3-phenyh-3-{3 {2,286 6-tetrafluoromorpholinepropyvi}-
3 d-dihydroguinazolin-2-vljethyhaminejpyrimidine-S-carbonitrile;

(832 4-diamdne-a-{{(1-(5-(3-(3, 3-diffucropyrrolidin-T-yhipropyl)-8-fluoro-4-0x0-3~
gshmyhl%?ﬁ%~{§.ihyqumi’;amﬁnw;’i-»yi}@ihyi}amim}pwimi@in@mSw@arbaniirﬂe;

(832, 4-diamino-6-{{cyclopropyl{d-oxe-3-phenyl-5-(3-(pyrrolidin-L-vijpropyl}-3,4-

dihydroguinazolin-2-yhimethyjadno)pyrimidine-S-catboniteiis;
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{S¥2,4-di amino-S-({cyclopropyl{d-oxo-3-phenyl-5-(3-(piperidin-1 ~yhpropyly-3.4-
dihyquuimz@ﬁnmE~yi}meéﬁhyij@amim}pyrimﬁdin@«Smcm‘“‘i'mnitrﬂe;

{'S}~2.}diwdﬁ.a:miﬂ{s«6~{{a}’cispmp3«‘}l(8mﬁmm»*@»am%«ghmyiuﬁwﬁ -{pyrrolidin-1-
yhpropyh-3,4-dihydroguinazolin-2-yhimeth yhaminolpyrimidine-S-carbonitrile;

{§)-2 4-dlamino-6-{{ovclopropyl{ &-fuoro-4-ox0-3-phenyl-S-{3-{piperidin-1-
vipropyii-3,4-dihydroquinazolin-2-yUmethyDamine jpyrimidine-S ~carbonitrile;

{S}2-amino-d-chloro-8-{ {eyclopropyl{4-oxo-3-phenyl-5-G-{pyrrolidin-1- vhpropyl)-
3 d-dilyydroquinazolin-2-vi methyDamino jpyrinsidine- S-carboni trile;

{5)-2,4-Hamino-6-{(1-{5-(3-morpholinoprop y-4-oxo-3-phenyt-3,4-
dihydroquinazoelin-2-yhethyl jaminopyrimidine-S-carbonitri fes

{834 ({1 -{5-(3-2-Oxa--azaspiro] 3 3 iheptan-6-yhpropyl-d-oxo-3-phenyi-3,4-
dihydroguinazolin-2-yhethyDamino)-2,6-disminopyrimidine-S-carbond trile;

{83 {1 o{5-(3-(2-oxa-6-azaspirof 3.4] octan-G-yhpropyli-4-oxo-3-phenyi-3,4-
dibydroquinazolin-2-yhethyDamine -2 O-diaminopyrimidine-S-carbonitrile;

{S4-{1-{53-3-{2-oxa-T-azaspiro{ 3. 5 nonan-7-yDpropyl-4-ox0-3 ~phenyi-3,4-
dittydroguinazolin-2-yijethylamine -2, 6-diamnopyrimidine-5 ~carbonitrile;

{8}-2,4-diamino-6-{{1-(5-{3-oyclohex vipropyii-4-oxo-3-phenyl-3,4-
dibiydroguinazolin-2-yDethyDaminoYpyrimidine5 ~garbontirile;

{8 :2-amino-d-chlore-6-{(1 - S~chioro-8-fluoro-d-oxa-3 ~phenyi-3,4-
dihydroguinazolin-2-ylethyl jamino)pyrimidine-S-carbonitrile;

{8)-2 d-dlaming-6-{2-{S-chloro-3-3,5-difluorophenyi}-4-ox0-3 SA-dihvdroguinazolin.
L-yDazetidin-1-yijpyrimidine-S-carbonitrile;

{82 4-damine-6-{2-(S-chloro-d-oxg-3-phenyl-3 A-dihvdrogquinarolin-2-yhazetidin.
TyDoyrimidine-S-carbonitrile;

{84201 »-{(2,{&&amim»f‘i»@yagmpyz‘imidiﬂ»@-«yﬁ}m}xinQ}&i&*&§*§}--4~ﬁ:‘x§0~3~phenyiu‘3 e
dibydroguinazolin-S-viibatanoic acid:

{S4-{2-(1 1{2,&diaminﬁmSncyaﬁ@gyﬁmidiﬂ-»-%«yi}pym'&%idiﬂ»’znyﬁ}uﬁims;sm% ~phenyl-3,4-
dibydroquinazolin-S-yhibutanoic acid:

{3 }4-(3-{1{{2,6-dlamino-S-cyanop yomidin-4-yhaminejethyl}-3-03,5-
diftuorophenyl}-4-oxo-3 4-dihvdroguinarolin-S-vi hutanocic scid;

{8}-2,4-diamino-6-{2-(3-(3-fluorophenyl}-5-(m ethylsulfonylid-oxo-3,4-

dihydrogquinazolin-2-yhpyrrolidin- Lyl ipyrimidine-S-carbonitrile;
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(812 4-diamine-5-(2-3-(2-fluorophenyl-S-{methylsulfony-d-0x0-3 4~
dihydroguinazolin-2-yhpyrrolidin. L-ylipyrimidine-S-carboniirile;

(8)-2 4-diamino-6-(2-(3-(2-fluorophenyl}-S-{methylsulfonyl }-4-oxo-3,4-
dihydroquinazolin-2-vhpyrrolidin- 1-yDpyrimidine-S-carbonitrile;

{8}-2,4-dlamino-6-(-(3-(2,6-difluorophenyl)- 3-(methylsulfon yhd-oxo-3,4-
dihydroguinazolin-2-yljpyrrolidin-1-ylipyrimidine-S-carbonitrile;

{8)-2.4-diamino-6-{1-(3-3-fuorophenyi}-4-oxo-S-{phenylsni fouyl)-3,4-
dibydroguinazolin-2-yhethyamine pyrimidine-S-carbonitrile;

(81-2,4-diamine-6-(2-(3-(3-Hnorophenyl - S-{methylsulfonyi}-4-oxo-3 4
dibydroquinazelin-2-yhipyrrolidin- 1-vDpywimidine-S-carhonitrile;

{S}-2,4-dlarnine-6-{{ 1-{3-(3-fluorophenyl}-5-{{(2-hvdroxyeth yhsulfonyl b deoxo-3,4-
ditiydroquinazolin-2-vijethyDarmine pyrimidine-S-carhoniirile;

{532 A-diamine-6-((1-(3-3-Huorophenyl-5-((2-hydroxvethyl thio)-4-oxo-3 4
dihydroguinazelin-2-ylethyhaminopyrinmidine-S-carhonitrile;

(8- A-diamino-6-((1-{S-(oyclopentylsulfony}-3-(3fuorophenyl 1 4-0x0-3 4~
dihydroguinazolin-2-yhethyl jainopyrimidine-S-carbonitrile;

(82 4-diamine-6-{(1-(3-(3-Auorophenyl }d-oxo-S-{o-tolylsulfonyl)-3,4-
dihydroquinazolin-2-vijethyDamino jpyrimidine-S-carbonitrile;

{82 4-diamine-6-((1-(3-(3-flucrophenyl}-4-ox0-5-{{3-{pvrrolidin-1 -
yiethyhsulfonyl)-3 4-dibydroquinazolin-2-vliethyDamino lpvrimidine-§ ~carbonitrile;

{32, 4-diamine-6-2-{5~chiloro-3-{3,3~di Huoropheny}-4-oxo-3 4-dibydroguinazolin-
2-yhpyrroldin-Lylpyrimidine- S~carboniteile;

{32 A-diamino-6-(2-{5-chloro-3-(3, S-difluorophenyl-8-methyl-4-030-3 4~
dihydroquinazolin-2-yiipyrrolidin- L-yDpyrimidine-5-carbonitrile;

{S}-2,4-diamino-6-{2-(8-chloro-3-(3, S-difluorophenyi - d-oxo-3 A-dibydroquinazolin.
2-yhpyrrelidin-1-yhpyrimidine-S-carhonitrile;

{532, 4-dlamine-6-{2-(3-(3,5-difluorophenyl}-B-methyl-4-oxo-3 Sedibydroguinazolin.
Z-yhipyrrolidin-L-yhpyrimidine-S-carbonitrile;

{32, 4-dlamino-6-(2-{3-(3, 5-difluorophenyl-S-fluoro-d-0x0-3 A-diydroguinazolin.
deyhpyrrolidine oylipyrimidine-S-carhonitrile;

{812, 4-diamine-6-{2-(S-chlore-3-{3-cyano-S-flusrophenyl b 4-oxo-3 4

dihydroquinazolin-2-ylpyrrolidin-1 -yl ipyrimidine-S-carbonitrile;
FAI0g YUBY ¥
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{(3)-2-(1-(2,6~cHamino-S-cyanopyrimidin-d-yhipyrrolidi a-2-yi-d-oxo-A-phenyi-3,4-
dilydroguinazoline-§-carbonitrile;

{S2-{1-{2,6-damino-S-cyanopyrimidin-d-yhpyreolidin-2-y-3-(3-
{difluoromethyliphenyi-deoxo-3 4-dihydroguinazo ling-8-carbonitrile

{$3-3-{3, R-dichloro-2-{1-{2,6-dlamino-S-cyanopyrimi din-d-vhpyrrolidin-2-yi-4-
oxoquinazolin-3(4H-yhbenzenesul fonamide;

(1305, 8-dichloro-2-{ 1-{2,&-damine-S~-cyanopyrimidin-d-yhpyrolidin-2-yi -4-
oxoguinazein-3{4F - vibenzencsalfonamide;

{532, 4-damine-6-({1-{4-ox0-3-phenyl-5-(1,2,3 Setetrahydropyridined-yi)-3 4-
dihydroquinazolin-2-vljethyDamino jpyrimidine-S-carboniirile;

2, A-giamino-6-({28,4R - 2-(§-chloro-4-oxe-3-phenyt-3,4-dibydroguinazolin-2-yi}-4-
methyipvrrolidin-T-yhpyrimidine-S-carhouitrile

2 d-giamino-G-{{28 AR }2-{5-chloro-3-(3,5-difluorophenyl}-4-0x0-3,4-
dibvdroguinaeolin-2-y}-4-fuorepyrrolidin.1 ~yhipyrimidine-S-carbonitrile;

{§3-2-amino-d-{{1-{3-chloro-4-oxo-3-phenyl-3 JA-dihydroguinaroiin-2-
vhethyllaming -S-methyipyrinidine-S-carbonitrile;

{8)-2-{1-{{2-amino-S-odo-G-methylpyrimidin-4-yhaminojethyl}-S-chioro-3-
phenviquinazolin-4{3H}-one;

(8)-d-amnino-§-{(1-{§-chioro-4-oxo-3-phenyl-3 A-dityydrogninazolineZ-
vhethyhamino - 2-methylpyrimidine-3-carbonitrile;

(§d-amino-G-{{1-{3-chloro-3-(3,5-diflnorophenyl}-d-ox0-3 A-dibvdroguinazolin-2-
yhethyljamine-2-methylpyrimidine-S-carbonitrile

{R)-S-chloro-2-(4-{2,6-diamino-S-chloropyrimidin-4-ylmorpholin3 ~yi 33
phenylgquinazolin-4{3H}-one {0}

(R)2-anino-d-ehiore-8-{{ 1-{5-chloro-d-oxe-3-phenyl-3 4-dihydroquinazelin-2-
yhethyhamino)pyrimidine-S-carbonitrile;

{8)-2-amnino-d-chloro-6-((1-(3-(3,5-diffuorophenyl}-S-Hlucro-d-0x0-3,4-
dihvdroguinazolin-2-yhethyljamino)pyrimidine-S-carbond frile;

(§)-2-amine-d-chioro-8-{{ 1-(5-chlore-3-(3, 5-diffucrophenyl}-4-oxo-3,4~
dihvdroguinazoin-2-ypropyliamino)pyrimidine-S-carbonitrile;

{8)-d-amino-2-chloro-6-{{1{5-chioro-4-oxo-3-phenyd-3 S-dihydrogqumazolin-2-

vhethyDaminelpyrimidine-S-carbonitrile;
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{83 2-amino-d-chloro-6-{{1-{3~chlore-3-(3,S-difluorophenyi-4-ox0-3,4-
diliydroquinazolin-2-vDethyljaminepyrimidine-S-carbonitrile;

{S}-d-aming-6-{(1-{S-chloro-4-oxo-3-phenvl-3 4-dihydroquinarohin-2-
vijethyllamino - 2-Huoropyrimidine-S-carbonitrile:

N-{(3R,58)-5-(S-chloro-d-oxo-3-phenyl-3,4-dihydroguinazolin-2-yhe 102, 6-diamino-

S-cyanopyrimidin-d-yiipyrrolidin-3-y-2,2-diffuoroacetamide;

N-{{35,55)-5-{S~chloro-4-ox0-3-phenyl-3 4-dihydroguinazolin -y} 1-(2,6-diamine-
S~cyanopyrimidin-4-yDpyreoidin-3-v1)-2,2, 2-triflooroacetamide:

N-{{3R,38)-5-{S-chioro-3-(3,5-difluorophenyl -4-0x0-3 A-dihydroguinazoiin-2-vii-1-
{2,6-diamino-3-cyanopyrimidin-d-vlpyrrolidin-3-y11-2 2-difluoroacetamide;

NA{OR, 55 5-(S-chloro-3-(3-{difluoromethyl}-3-Huorophenyi-4-ox0-3 4~
dihydroquinazolin2-yi- 1-(2,6-dlamine-S-cyanopyrinaidin-d-ylipyrrolidin-3 Soylp2, 2
diftuoroacetamide;

N-{{3R,553-1-(2,6-diamino-S-cvanopyrimidineg- v 5-{3-(3, 5-di Huorophenyi}-S-
ﬂum‘@~4«a;3x¢)~3,4»c;iihyﬁmqumafmiinu?,.wyi}psﬁaﬁidm»?:»}*E}«Z;»‘Enﬁiﬁmma@ei&mide;

N-{(3R 58312, 8-Hamino-S-cyanopyrimidin-d-y11-5-3-(3 m{diﬂumm}tmﬂiyi}viiu
Huorophenyl}-S-fooro-d-oxo-3,4-dihydroquinazoln-2-yDpyrrolidin-3 -yh-2
diffuorogestamide;

N-{{3R,353-5-(5-chloro-3-{3, 5k Huorophenyl)<4-ox0-3,4-dihydroquinazolin-2-vi)-1-
{'?;,é»»eﬁimnimn5uﬁ}famgyrimiﬁ,inmzé-w}fi)}'}}q*z'@iidin~3~y§}~292«diﬁmmmN“mﬁé;hyiaaemmidﬁ“

N-{{3R,38}-5-(3-chloro-4-oxo-3-phenyl-3 d-dihydroguinazolin-2-yh-1-(2,6-diamino-
S-oyanepyrimidin-4-yDpyrrolidine3-y1}-2-cyclopropylacetamide;

2-amino-N-{{3R,58}-5-{ S-chlore-d-oxo-3-phenyl-3, 4-dihydroguinazolin-2-v)-1-(2,6-
dimximﬁ~c.v'amjg:;yﬁmi{iiﬁ«ﬁi--yi_,spﬁmhdm»i%~yi}&ﬁatmﬁiﬁa;

Z-amnine-N-{(3R,$8)-3-(5-chloro-3-(3, S-difhuorophenyli-d-oxo-3 4=
dihydroquinazolin-2-yi3-1-(2,6-diamdno-S-cyanopyrimidin-4-ylpyrrolidin-3 -yhacetamide; or

a pharrnaceutically acceptable salt thersof,

19 The compound of any of claims 1 to 18, wherein the compound is an atropisomer.
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20, A sharmaceutical composition comprising a compound of any one of claims 1 to 19
or & pharmaceutically acceptable salt theveof, and at least one pharmacentically acceptable

vehicle.

31, A method for method of treating a human, who has or s suspected of having a disease
or condition responsive or believed to be responsive © the inhibition of PIZKS activity,
comprising administering to the human a compound of any ope of claims o 19 ora

pharmacentically acceptable salt thepeof,

22, The method of claim 21, wherein the disease is selected from the group consisting of
seute ymphooytic leukemia (ALL), acute myelodd leukemia (AMLY), chronic lymphocytic
jeukemyia {CLLY, small bymphocytic lvmphoma (SLL), myslodysplastic syndrome {(MDS),
myeloproliferative disease (MPDY, chvonic myeloid lenkemia (CMLY, juvenile
myelomonooytic lenkemia (JIMMLY, multiple myeloma (MM}, Hodgkin hymphoma, indolent
non-Hodgkin's lvinphoma (INHL), refractory INHL, non-Hodgkin's tyrophoma (NHL},
mantle cell lvmphoma (MCL), follicular tymphoma, Waldestrom”s macrogloboiinemia
(W), minimal residual disease (MRDY), Tecell lymphorma, B-cell lymphoma, diffuse large
B-cell yraphoma (DLBCL), T-cell acute lymphoblastic leakemia (T-ALL}, B-cell acute
tymphoblastic leukemia (B-ALL), lymphoplasmacytic lymphoma, marginal zone lymphoma,
Burkitt lymphomas, pancreatic cancer, bladder cancer, colorectal cancer, breast cancer,
prostate cancer, renal canocer, hepatocetiular cancer, hung cancer, gvarian cancer, cervical
cancer, gastric cancer, esophageal cancer, head and neck cancer, melanoma, neuroendocnng
cancers, ONS cancers, brain tumors {e.g., ghoma, anaplastic oligodendroghioma, adult
glioblastoma multiforme, and adult snaplastic astrocyioma), bone cancer, Soft Hssuo sarooma,
systemnic lupus erythematosus (SLE), myestenda gravis, rhewmatold artheitis (RA}, psoriass,
acute dlsseminated encephalomyetitis, idiopathic thrombocytopenic purpura, multiple
sclerosis (MS), Sjosgren’s syadrome, psoriasis, autoimmune hemolytic anemia, asthina, and

chronic obstructive pulmonary disease (COPD).

23, A method of inhibiting the activity of' a phosphatidylinestiol 3-kinase polypeptide by

contacting the polypeptide with the compound of any of clatms 1-19,
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24, A meothod of inhibiting excessive or destructive Immune reactions or growth or a
oroliferation of cancer cells, comprising administering an effective amount of the compound

of anv of claims 1-19,

25, At comprising the compound of any of claims 1-19 and a label and/or instructions

for use.

26, The compound, a pharmaceutivally acceptable salt, isomer, or & mixture thereof of

any of claims 1-19 for use in therapy.

7. The compound, 2 pharmaceutically acceptable salt, isomer, or 2 mixture thereof of

any of claims 1-19 for use in a method of treating of any of clatm 31 or 22.

28, lise of the compound, a pharmacentically acceptable salt, isomer, or 2 mixture thereof
of any of claims 1-19 for the manufheture of & medicament for treatment of a disease or

condition of any of clabm 21 or 22.
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