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15 07cycloalkyl, or C2-Cieheteroallcyl. [0013) In another aspect of the invention, compounds are
provided which are of Formula IX or their pharmaceutically acceptable salts thereof, wherein W w_2/ a
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monocyclig, hetergary fam% é&l{a%ﬁ@@ﬁ@ﬁ%mLQQ&&M&&QEH}%&EQ@Q@B%@E@&@ME&@%@&QUnd of
Formula VI the cor ouvp NES he structire of Formula VI-C: Formula VI-C [00191 In some of the
embodlmen = rﬁuﬁ V e compound h%s %ﬁg l‘N,r&(,}fuﬁgrmuIa VI-D; 5Formula VI-I) [0020] In
another aspect of the invention a com Ound oF 1ts armaceutically acce table salts havmg the
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Formula 1
[0011] W,'is CR® orN; W,2is CR® or N; W, is CR®orN; W,* is N or CR"; W,° is CR®, CHRS®, or N, wherein no
more than two adjacent ring atoms selected from W,', W.2, W,*, W,, and Wy’ are heteroatoms. W is
30 heterocycloalkyl, aryl or heteroaryl. B is alkyl, amino, heteroalkyl, cycloalkyl, heterocycloalkyl, or a moiety of

Formula II;



integer of!, 2, 3, or 4; Y is absent, -N(R5-, or -N(R9)-CH(R9)-; Wd is:orH2N 10 100211 RI is hydrogen,
alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylallcyl, heteroaryl,
heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, halo, cyan, hydroxy,
nitro, phosphate, urea, or carbonate; R2 is alkyl, heteroallcyl, alkenyl, alkynyl, cycloallcyl,
heterocycloallcyl, aryl, arylalkyl, heteroaryl, eroarylalkyl, alkoxy, amido, amino, acyl, acyloxy,
alkoxycarbonyl, sulfonamido, halo, cyano, hydroxj 0, or phosphate; 15 j0022) R3 is hydrogen,
alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloallcy 0, amino, acyl, acyloxy,
alkoxycarbonyl, sulfonamido, halo, cyano, hyQ«g iﬁ}éﬂ heteroaryl; each instance of R9 is
independently hydrogen, Cl-Cloalkyl, C3-C7cycftoalkyl, heterocycloallcyl, or C2-C10heteroalkyl;
andRI2 is H, alkyl, alkynyl, alkenyl, halo, aryl, heteforam, theterocycloallcyl, cycloalkyl, cyano, amino,
carboxyligeewid , valsexycarbameleaaranmitenc a3 ld By acimra, entedimests otha,eompeurd of Formula VI
has the stgdciure QEE@MMUIR Beftnsiite N Fiormpdaubf) J0RRAL b2 seme-embogiments, the.compound of
Formula B strH le‘eé{.fd:%gﬂsl)la QTC‘C[} Q\FQ’S[EHJQ) ogégg@dﬁﬁomﬁay??oddments the
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VIl wherewboikabdent. alih, ¢scl@kylSeter@fci@kyl, 8L @) 2alkyINEREpy L Bl @bIRGay, 2@¢x0)-,

-N(R9)()Caf£l)m, 251; RNy GO X HEm{(G AR 9)) 20, ladrekY, iBrapbepkatei s bbhRIY 2, and Y is

0-, -S-, en §1(yrQ)1?enyr NERD)eycréaitrOeldedei R k1, WMw%Tnﬁxwl acyloxy, sulfonamido,

N(R9)- Ch@{%&do H @9))9(‘4309)%41%*%&11@);@&1% %&g&@%@@@%ﬁﬂ@@m&ﬁ” integer of
XY,

L2 3 orct N iesel sl Selelheiceon A0d00 G naae hadiner of e

mpound as a structure W ich 18 a mem ef of the ¢ roup consisting of:
(i) W1 is fRE RS %‘&ﬁ%“wd‘%"w A hE ARSE S %&85 ‘6??Ri\?aﬁ““§ i k{l?ﬁ’s W: is CR7, and
W5 i45CAREoVRDWCA NTZReNf is CR5, W,4 is CR7, and Wh5 is N; (iv) W.1 is NR4, Wa2 is CR5,
W,,4 is CRA3hrd 4yHE isrtdRBh(\ryenen ?S’N@EHSW@E’Y@NWHWHMN@ﬁS CRS; (vi) W: is NR4,
W: is N, \WarhiseGRIT, anchdfoBitishtdRBeni) W.1 is NR4, Wa2 is N, W.4 is CR7, and WD5 is N; (viii)
W"1is N124, Wa2 is N, W: is CR7, and 15 Wb5 is Nit'¢ (ix) W; is NR4, W,2 is CR5, W"4 is N, and WO
is CR8; (x) W,,"is NR4, Wa2 is CRS5, W:is N, apd, Whilis CJ,—IR8 (xi) W,'is NR 4, W,2 is CR5, W.4 is N,

and Wb5 is N; (xii) W: is NR4, W"2 is CR5, , an '\WI b5is N128; W"1is S, W"2is CR5, W: is

N, and WDb5 is CR8; (xiv) W"l is S, Waz2 is CR?S\ IS nd Wb5 is CUR'; (XV) Wa] is S, W2 is CR5,
W:is N, and Wbs is N; (xvi) W; is S, V42 is CRgV“\N 4Y6N, énd Whbs is NR'; (xvir) W"1 is N, Wa7 is
CR5, Wa4 is S, and Wb5 is CRs; (xviii) W: is N, Waz2 is CREYW '4is S, and Wb5 is CUR'; (At) Wal is
N, W,2is CR5,20 W.4is S, and Wb5 is N; (xx) W:.is N, W.2 is CR5, Wa4 is 5, and Wb5 is NRS; (xxi)
W"1 is CR5, Wa2 is N, W: is S, and W5 is CRS; G is CRS, W,2 is N, Wad is 8, and Wh5 is
CHR82{XXii) WP WRe: itgaeeadty Gy 5 Y SNRnepd Mo Ssiodrepdsath £+ R ‘YRFé"Z‘u%"N W'4is S,
and Whs is Nitho@e)reAdtEcest sneias des nirogmnarisloRand sher Wios s CrEW A Wik R SNRia2 is N,
W14 is CR7, andiVeRSNsoOWRR'B (M Bt higeHalkX. 2ydS N, et is | GRVT, candoiod Feriul{®xvii)\Wai is S,
W,2is N, W"4 is CR7, and Wb5 is NRs; (xxvi) Wal is CR5, W,2 is N, W.4 is NR4, and Wb5 is CR8;
(xxix) W: is CR5, 25 Wa2 is N, Wa4 is NR4, antN\ybsJs CUR'; (xxx) W: is CR5, Wa2 is N, W.4 is NR4,
and Wb5 is N; (In-ti) W"1 is CR5, W: is N, W.4 is INR4: nd W: is Nit'; .(xxxii) Wal is CR5, W: is CR5,
W: is S, and WO is C14RS8; (xxxiii) W: is CR5, W2 i3 TR ~®3Aqds S, and Wb5 is CR8; (rah) Wal is
CR5, W"2is CR5, W: is S, and Wb5 is N; and:b:—ng) W"1lis CR5, W.2is CR5, W,4is S, and Wb5 is
NR8. [00301 In some embodiments of the |nventlop thT ompound of Formula IX is of Formula X:
Formula X 100311 In some embodiments of the invention, the compound of Formula IX is the
compdind whebgf Ka'18eitHat hstecyclysifctoanitgtoth %‘Sm'éaéfﬂf%a‘im%fs ofrthetiti¥ention, the
compound of Fisrnellia 4 ReieopieoalyhpuhenbrS WHeTERY RA Tt et SrEtra1beditrcetine
embodiments ofdhadmentionsthefdchipodnd oRFatriaShHSs e Eofpotifd)of FoPMEHR Xd-

, -C(=0)-, -N(R9)-C(=0)-, or -N(R9)-C(=0)NH-,-N(R9)C(R9)2-, or -C(=0)-(CHR9)z-. R' is hydrogen, alkyl,

heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkoxy,
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0 Formula XI 100331 In some embodiments of the invention, the compound of Formula 1X is the
compound of Fonhula XlI: R50 N,B SWb5 X 10Wu Formula Xl [0034) In some embodiments of the
invention, the compound of Formula VIII is the compound of Formula Xll or XIlII XX \ waY\wa

15Formula XIlEgrmula é‘YaCQQéi o;‘yam L Smhedinsts ggmyummw hﬁ;&&m&mnd of Formula
1, IV, V, VI, VI-A \h-’& A6 I f XIV i$ the compound

wherein B is a me"r%%eb‘r Sfa't‘f’(é E‘reé"lflky' SH%% in ‘3":53 §y?r{1%¥y‘ /of Iiggﬂ%all,l %(ﬁy fa%’l'fﬁwmryatryl including
but not limitedf5 LRt pRBIH ”ﬁé?eﬁ%h?w?ﬁ’é RGPS Ry %"rf‘r"éﬁ%&%ﬁ’&"ﬂ‘éf‘é roaryl,
heterocycloallkbsirteyeto alksbobriteROisyrdesatiyalkdllenabam Bl kb thrrrtedede ke moiety having
the formula -(GH®) 2vidiekey), whekgiseashide igdrrepdmdentty fiyed R gendratky kefiuerealkyll Cearbocyclyl,
carbocyclylalkgluasyl, arelwyhyhelesocpalgaisd,-OpteramycRa IKyialRy rhietarasndyaydigtaroarylalkyl, or -
Nlelta are combipaoddqgather - &um.a, eyeis maishic, -£R0a6hdn sareecmbodinemsuof the invention,

the compound, of Fermula |, I, ecsu}ém\rmmay : v}t,@mg il bilde Vbl X, X1, X1
XIlI, or XIV is the comcpoungw erei -CH3, isopropyl, - CF,, -OCH3, nitro, or

phosphate. 18651 SR Cr’n%&flme oé‘ef(rzlr\é/aeI tlon the compound of Formula I, 1V, V, VI,
VI-A, W-d0NALD? ’ﬁe@b@rmﬂ‘ﬁaﬁ?°’89fb‘“wlrﬂ?ﬂ‘flall>ba¥ SN PLSATPI 1V s the compound wherein
127 is a alkyl, halo, hydroxy, cyano, nitro, or pho hat¢ and q is 1 or 2. 100381 In some embodiments
of the invention, the compound of Formula I, W3 ; V1-C, VI-D, 6-A, 6-C1, 6-C2, 6-D, VII, or
VIl is the compound wherein R3 is -H, halo mﬂ] but not limited to -Cl or -F , alkyl including but

. not limited to -CH3 or-CH2CF13, alkoxy, cycloa\k*yﬁr off CF3. 10 100391 In some embodiments of the
invention, the compound of Formula IX, or X, R4 is selécted\i@m -H, methyl, ethyl, n-propyl,
iso-propyl, cyclopropyl, cyclobutyl, and cyclopenty|, 100401 In some embodiments of the invention, the
compound of Formula I, 1V, V, VI, VI A VI-CVIII, IX, XI, XII, XIll or XIV is the compound wherein R5 is
H, -CN, -NORF81 dorseems sbofieents e comesod otfp B %ﬁ@“&ﬁ% “H3, -OCH3, -OCH2CH3, or halo,
which includes but is not limited to -Cl orgF. 15 100411 In sore emodlments of the invention, the
~compound of Formula |, IV, V VI, ‘ : <

-CN, -NH2, C1-C4allcyl, CI-C4alk

invention, the compound of For : v

wherein R7 is H, -CN, -NH2, &1 CeIIcyI | Calkoxy, CF3 02, -CH3, CH2CH3 -OCH3, -
OCH2CHS3, or halo. 20 [00431 In sdime e’i"nbod'm@ng of the |r§/ent|&1 the\cwgnpound of Formula I, IV,
V. VI, V1 A, VI-C, VI-D, VI, IX, or Xllilflfséwl]ggcompound wherein R8 is H, &N, iNH2, CI- Calk-A

C1- C4alkoxy, -CF3, NO2, -CH3, -C OCH3, - OCH2CH3, or halo 0[‘8‘8441 In some of the
embodiments of Formula I, IV, VI, or VII, R5, R8, R7, and R8 are hydrogen. 100451 In some
embodlm&qlélof"tﬁ@‘?ﬁvé?ﬂfbﬁﬂfstﬂ’é‘i?@?ﬁﬁki&ﬂ'ff‘a‘l“l?éﬁﬁ?ﬁf&’ FrpgreeoNA R XI-471-C, VI-D, VI, VI, 25 X,
X, XI, XII,)011 Or XIV is the compound whegei is -CH2-, -CH(CH2CH3)-or -CH(CH3)-, inlcudingbut
not limited wherein -CH(CH2CH3)-or -& 'Wf%l (S) or (R) stereochemical configuration. In
some embodiments of the invention, the
or XIV is the compound wherein Y is aB&en , -, or S( 0)2- In splne embodlments of the
invention, the compound of Formula I, IV, VRVI, R/'IIN/\NI Igl( X, X1, XII, XIII or XIV is the compound
wherein R9 is methyl or hydrogen. In some embodinenfs 01)30 the invention, the compound of
Formula I, 1V, V, VI, VII, VIII, IX, X, XI, XII, XIIIl or r&y is compound wherein X-Y is -CH2N(CH3),
-CH2-N(CH2CH?3), CH(CH3)NN- -CH(CH2CH3) NH-,rRMN(H)CH2-, -N(CH2CH3) CH2- or -
N(CH3)C1-12-, including but not limited to CH(CI;@MMI;IVIOA -CH(CH2CH3)-NH having a (S) or (R)
sterochemlcal confl tion. 1 In som t$.0f the inventio ompound of Formula
l, 1V, \fo ‘m\/ﬂ {?If %é%[' Tff“§ or s? %@%Emlsdmuﬁa vmx\}soer?eg %""t&’ ?sfﬁymgzoloyynmldme
including HPRBE ﬁf‘r’ilf‘@}fiiic\f P |ﬁ8’kﬂ-f’lke“ étza{)%?fﬂfmﬁ ptﬁmﬁw 3, 3ano, S i

7-amino- zsm@tﬁwdzHnﬁgfﬁazfe?efm"aifﬂgfrfﬁmw?i/’f°whﬁé %Elu’dﬂfb‘“ri’ﬁﬁﬁh‘o‘t‘iffﬂﬁ&&”b‘°y°“°
to6-aminde@tedypurin-9-y1 or 6-methyleny1-91-1-purin-6-yl. In some embodiments of the invention, the
compoun @RI arseukeehbbimehts\dT the HymgbHnd ¢ FXXmiE, VX Ithe XdipoynX ¥ s thietgepfpoarid Yiserein the
pyrazolopyrimidine is of Formula Ill: W' Formula Il wherein kit is H, alkyl, halo, amino, amido,
hydroxy, or alkoxy, and R.12 is is H, alkyl, alkynyl, alkenyl, halo, aryl,  heteroaryl including but not
limited to monocyclic or bicyclic heteroaryl, heterocycloallcyl, cycloalkyl, cyano, 5amino, carboxylic
acid, alkoxycarbonyl, or amido. 100471 In another agpect of the invention, a method of inhibiting a
phosphatidyl inosito1-3 kinase (P13 kinase), is provided comprising: contacting the P13 kinase with an
effective amount of one or more compounds disclosed herein. For instance, the step of contacting
involves the use of one or more compounds of Formula I, IV, V, VI, VII, VIII, IX, X, XI, XII, XIII, and/or
XIV. In some embodiments, the step of contacting comprises contacting a cell that contains 10 said
P13 Icinase. In some embodiments of the method, the inhibition takes place in a subject suffering from
a disorder involving malfunctioning of one or more types of P13 kinase. Some exemplary diseases

involving malfunctioning of P13 Icinases are selected from the group consisting of autoimmune
dicaacacec rheairimatnid arthritic recniratoryv diceace and variniie twvnec nf cancare \WWhere decired the




wherein It" is amino and R12 is substituted phenyl. 15 100481 In some embodiments of the method,
the inhibition takes place in a subject suffering from rheumatoid arthritis or a respiratory disease, and
wherein the compound has the structure of Formula 6-A, and wherein WI is amino and RI2 is bicyclic
heteroaryl. [00491 In some embodiments, the ethod comprises administering a second therapeutic
agent to the subject. 100501 In yet aggthel aspect, the present invention provides a method of treating
a disease manifesting an undesired 20 i he r&Sponse. The method comprises the step of
administering to a subject in need th are’compounds disclosed herein including
compounds of Formula I, IV, V, VI, VII, VI, IX, IX, Xl X1, and/or XIV, in an amount that is
effective in ameliorating said undesired immune response~i some embodiments, the one or more
compounds inhibit T-cell independent B-cell activatigh as.evdenced by a reduction in production of
anti-TN? IgG3 by at least about five folds when admisistered th an amount less than about 30mg/kg
BID dose to a test animal. 25 [00511 In some embodiments, the disease treated is associated with

swelling or pain of a jojnt of a subject. The HecaiF be effective i ameligrating one or more
rheumatol‘c’lﬁa%thlrnlfsl%mé)‘?ﬁ]]‘ﬁte(?rr%})és‘i gglg\?}- 3ﬁn€gﬁyer%°3’5%ﬁ§ﬁafﬁ srﬁ“e%’ﬁeﬁ){l}rﬁ"alfgarﬁé?ér by at least about 10%
after 17 days and/or reduction in ankle diarpetelz,by at least 5-10% or more after several days to weeks
of treatment, including for example regsucti’ in Rnkle diameter by at least 5% after 7 days of
treatment. In another embodiment, the updesired fMmune response is evidenced by enhanced
production of anti-type 30 Il collagen gntibgdies, and the use of one or more subject compounds

reduces the serum anti-type Il collagen levgl at gn E§50 of less than about 10 mg/kg. [0052) In

another aspect of the invention, a composition is’prowi ich comprises a pharmaceutically
acceptable excipient and one or more compounds okfor [, IV, V, VI, VII, VIII, IX, X, XI, XII, Xl
and/or XIV. In some of the embodiments of the invent\rﬁm the gomposition is a liquid, solid, semi-solid,
gel, or an aerosol form. 35INCORPORATIONF§H\!§L‘§§II_: RENCE 100531 All publications, patents, and
e aobisaana mechoacn b s seeallelllsinae ncopilau dlasies o e o
extent as if each indivi ublication, patent, or nt application , cifically and individually
dicated 10 B NP T B AT A OEER RIS SRS RS 100541 The
novel feallfEg et BRESHTHE S &R CaY 1S WK AR R dIariy 1R the SEPEnded RN A Bétter
understanding of the features and advantages of the present invention will be obfained by reference to
the following detailed description that sets forth illustrative embodiments, in whjsh the principles of the
invention are utilized, and 5 the accompanying drawings of ywhich,NQO55] FIGN\l dgpiGts an exemplary
protocol for measuring T-cell independent production of TNB cificlantibodieSTR viva. [0056) FIG. 2
depicts the fold reduction in TNP specific IgG3 response toMantigens fQVi ed by ﬁ’ﬂounds 7 and 53
of formulankMeast compared amene NES- 0o MR- ourEen; agmini d orallyer10 10687) FIG. 3 depicts the
dose-dgpeisignkefigat.aitwige Kaibuishaaminkyiaticn.0f compauoma.of iimyladtday educing the
increase i, gokle djp HSHET.ANR! HE InP.6Rl9RBRAGAC HRYEIRRIRG, AL 4BQdRLIN rats. Also
depicted afe e results o npn.aflit ol Iaisuarthiits spnioldatz.agminlatersgyith a
negative Control venicle: an érthritlc_yéont,ro afs treated Twice als’y with’met Girexate. 0058) FIG. 4
depicts thi' GEL%- MEFERILN: BaXr RoBY GRS Ehd Sy ST UIS TR - MR SR SRk 15
histopath8iBy9 #E&dministered in a collagen-induced developing arthritis model in rats. Also
depictédl dethereduttestrortivamtienb Bonttoyativadritaisterid Whtrnegdtivaitotiioiovieticle or
‘methotrexdtey{0B59) sPiGab ddploty tebbse: depente htefhedt afhdonmeodiRds demeais8yof formula IV in
improvinghkagenustmpatn aegyytwaas: acsricistarachi C.aceaiagnnt ndr Cediomye kpiyg auditis model in
rats. Alsodgpigiasass,iheeskltaifiomy-aabiitic.ao ke, tatsganainisinrgewith hegative control vehicle
or positive,eantral metnaiiexate 1R QINREAlFGnH: YeRISH the.dosa-siaReadent effect of compounds 7
and 53 of formula 1V in reducing the level of anti-type Il collagen antibodies in vivo when administered
to a collagen-induced developing arthritis rat model. Also depicted are the results from arthritic rats
administered with negative control vehicle or methotrexate. 100611 FIG. 7 depicts the dose-dependent
effect of compound 7 of formula IV on improving ankle histopathology when administered in
collagen-induced developing arthritis model in rats. Also depicted are the results from arthritic 25
vehicle control rats and methotrexate-treated arthritic rats. [0062) FIG. S depicts the dose-dependent
effect of compound 53 of formula IV administered daily on ankle histopathology in a collagen-induced
established arthritis model in rats. Also depicted are-the results from arthritic arthritic vehicle control
rats and Enbrel-treated arthritic rats. [0063) FIG. 9 depicts the dose-dependent effect of compound
53 of formula IV administered twice daily on ankle 30 histopathology in a collagen-induced established
arthritis model in rats. Also depicted are the results from arthritic vehicle control rats and
Enbrel-treated arthritic rats. [0064] FIG 10 depicts the dose-dependent effect of compound 53 of
formula IV on the increase in average paw volume in an adjuvant induced arthritis model. [0065] FIG
11 depicts the effect of compound 53 of formula IV on the average weight over time of rats in an 35
adjuvant induced arthritis model in rats. DETAILED DESCRIPTION OF THE INVENTION [0066]

\Whila nrefarred embodimente nf the nreacent invventinn havve hean chown and dAeceribed hearain it will




15 agents of the present invention. 10070) The term "agonist" as used herein refers to a compound
having the ability to initiate or enhance a biological function of a target protein, whether by inhibiting
the activity or expression of the target protein. Accordingly, the term "agonist” is defined in the context
of the biological role of the target polypeptidg. While preferred agonists herein specifically interact with
(e.g. bind to) the target, compounds thg{ iniliate &r eghance a biological activity of the 20 target
polypeptide by interacting with other menjgers \e signal transduction pathway of which the target
polypeptide is a member are also specifi selueted Within this definition. 100711 The terms
"antagonist" and "inhibitor" are used interchg bI;//Nand they refer to a compound having the ability
to inhibit a biological function of a target protein, W&@é@ inhibiting the activity or expression of the
n

target protein. Accordingly, the terms "antagonisy; "infibitors” are defined in the context of the
biological role of the 25 target protein. While preferr%dN tﬁgonists herein specifically interact with (e.g.
bind to) the target, compounds that inhibit a biologicaf activity of the target protein by interacting with
other members of the signal transduction pathorayedtAvhich the target protein is a member are also
specificaljyotac|udede \aiitobinitiis, tietinitiand ARotefie VEdsbe kogiaad ectimibifhibited by an antagonist is
associated with the development, growth, or spread of a tumor, or an undesired immune response as
manifested in autoimmune disease. 30 [0@72] An "anti-cancer agent”, "anti-tumor agent" or
"chemotherapeutic agent” refers to a f8l in the treatment of a neoplastic condition. One
class of anti-cancer agents comprises ¢ ther peH;ic agents. "Chemotherapy" means the
administration of one or more chemotHérageutic dr gs and/or other agents to a cancer patient by
various methods, including intravenous, ofal, intraitNsc intraperitoneal, intravesical,
subcutaneous, transdermal, buccal, or inhalation (;’Hm rm of a suppository. 35 100731 The term
"cell proliferation"” refers to a phenomenon by which tggqcell\mu.mber has changed as a result of
division. This term also encompasses cell growth by which the cell morphology has changed (e.g.,
increased in size) consistent with a proliferati A&l [0074) The term "co-administration,”
"administiP& irp R BIRHmBT VIR comrteETP atthaReti el Sised herein, encompasses
administration of two or more agents to an animal so that both agents and/or their 40 metabolites are
present in the animal at the same time. CBadministration includes simultaneous administration in
separate compositions, administratiof enktines in separate compositions, or administration in
a composition in which both agents are 00%5] The term "effective amount” or "therapeutically
effective-amount” refers to that amoutt offa copotind described herein that is sufficient to effect the
intended application including but not limited tddis Se tment, as defined below. The
+ therapeutically effective amount may vary depending u rﬁij’ue intended application (in vitro or in vivo),
or the subject and disease condition being treated, e\g.\jthe weight and age of the subject, the severity
of the 5 disease condition, the manner of administration and the like, which can readily be determined
by one of ordinary skill in the art. The term alSomayipdies to a dose that will induce a particular response
in target d¥€] digome emRodiReTT BrLASIRR R EXTONP X hetrohecENCHRGARERTIIHE specific dose will vary
depending on the particular compounds chosen, the dosing regimen to be followed, whether it is
administered in combination with other coRipounds, timing of administration, the tissue to which it is
administered, and the physical delive imy#hich it is carried. 10 [0076] As used herein,
"treatment” or "treating,” or "palliating” eliozatingeare used interchangeably herein. These terms
refers to an approach for obtaining béhefigial oif dedired results including but not limited to therapeutic
benefit ancVor a prophylactic benefit. By tHerapeutic\beng¥it is meant eradication or amelioration of the
underlying disorder being treated. Also, a therapeutj efi; is achieved with the eradication or
amelioration of one or more of the physiological symptopis associated with the underlying disorder
such that an improvement is observed in the 15 patient, notwithstanding that the patient may still be
afflicted with the underlying disorder. For proptyaeiepbenefit, the compositions may be administered
to a patieRPHi riskopt eeiedinping anpariteiEnreHedsser apils Wipatient reporting one or more of the
physiological symptoms of a disease, even though a diagnosis of this disease may not have been
made. 100771A "therapeutic effect,” as that term is used herein, encompasses a therapeutic benefit
and/or a prophylactic 20 benefit as described above. A prophylactic effect includes delaying or
eliminating the appearance of a disease or condition, delaying or eliminating the onset of symptoms of
a dicease or condition, slowing, halting, or reversingsthe progression of a disease or condition, or any
combination thereof. [0078]The term "pharmaceutically acceptable salt" refers to salts derived from a
variety of organic and inorganic counter ions well known in the art. Pharmaceutically acceptable acid
addition salts can be formed with inorganic acids 25 and organic acids. Inorganic acids from which
salts can be derived include, for example, hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like. Organic acids from which salts can be derived include, for example,
acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid, malonic acid, succinic
acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic acid,
maethaneaciilfoniec arid ethaneciilfoniec acid n-toliienaciilfonic acid <aliecviie acid and the like




35 [0087] The term "in vitro" refers to an event that takes places outside of a subject's body. For
example, an in vitro assay encompasses any assay run outside of a subject assay. In vitro assays
encompass cell-based assays in which cells alive or dead are employed. In vitro assays also
encompass a cell-free assay in which no intact cells are employed. 100881 Unless otherwise stated,
structures depicted herein are also meant to inclugle cofipounds which differ only in 40 the presence
of one or more isotopically enriched atoms. canfhounds having the present structures
except for the replacement of a hydrogen by a gleute tritium, or the replacement of a carbon by
'3C- or "C-enriched carbon are within the s ion. f00891 The compounds of the
present invention may also contain unnatural propdrtions of ajomic isotopes at one or more of atoms
that constitute such compounds. For example, the comBound@dmay be radiolabeled with radioactive
isotopes, such as for example tritium (3H), iodinebdfufa'3i) or carbon-14 ("C). All isotopic variations of
the compgiesglsiRictheRsRns IBYemtiRmddneHas IRFI0aCINE Qrnaluargencompassed within the
scope of the present 5 invention. 100901 When rangeg are used herein for physical properties, such
as molecular weight, or chemical properties, §uch as cfiemical formulae, all combinations and
subcombinations of ranges and specific em t n are intended to be included. The term
"about" when referring to a number or a numer It ge/beans that the number or numerical range
referred to is an approximation within expenfﬁentéﬁ var’ﬂablllﬂ& (or within statistical experimental 10
error), and thus the number or numerical range may vary frﬁ*}n@,vdfor example, between 1% and 15% of
the stated number or numerical range. The term ' comPrlsmg (and related terms such as "comprise" or
" "comprises” or "having" or "including") includes thE& &mbodiments, for example, an embodiment of
any compo&iETGTHBHAEE Yo poSitSROMSRRY: Do e (GHRRE & FhalEESAEH: BF or "consist
essentially WR¥feBariBee-fEHR DS T@Ogiib%@*félIev(ﬁﬁg“%ibbped/m@nssarﬁ&@fn%ﬁave the indicated
meanings tRiRSUGHE0FCBHL:3H=)PARDIGIOBSIt IR 3-Rirase: AR pROsphatidplinositpl; REK =
Phosphoinaesiide-Repeadany Kinase:RNARK:3. Deaytionse Nusieis-Agishependent Protein Kinase;
PTEN = Phosphatase and Tensin homolog deleted on chromosome Ten; PIKIC Phosphoinositide
. Kinase%ik& %n’%‘é’“ﬁ&‘fﬁ@mm}fcﬁﬂﬁéﬂ“ﬁ ﬁﬁ“’ﬁéﬁ@feﬁ&?‘é@ﬂ’i&‘f@ﬁﬁé”ﬂgﬂv “‘higfﬂﬁ?éfﬁ"fh‘i?ﬁﬁnodeflmency
Virus; MebesmtempissariedPa EHRs Whééiﬁ?d?’o&%cbx%ﬂeﬁi@ "KONS ENBOMEHGR: o Fhiocyanate;
TLC = Thit Langé GHEgRH &D Yo s AR WECHISH s . ardVE I ©18) M ko RS o, 36, fa0821
Abbreviatishsnasetisha'ain WaveNkeiv.tonvartioorl] sewriingriitmthe skemicak andibipfogical arts.
[00931 "AllgW, reteresies wiraight erzkyanehedkydrongriban.cai redicakeqnsiatingcrolgly of carbon
and hygrage aloms wSOMaIRg DertIREaUGaLeR, h@z«fﬁ%g;wmmqm@ 0 18102 PORIRMS (§-9- CI-Cm
alkyl). Whepevef, PREAR: ,be&elwsﬁum A a0g5SY 5&% 1oy refeis Wai%mtegef in the

given ran g., rho an;f,t ;the foup. ma cons5|st of cafbpn atom, 2
carbon at rr?s%\7 3 f:g 9 %v é}[}(: d%s';orgﬁd(m& udln 31 %"f%ar n at%‘ms éﬂ%’dﬁﬂt% present

deflnltlon‘éfsg"cfi\?é{rs“fh@ ﬁfc?ﬁﬁmr\%% Bﬂﬁ*é l‘é?n%a‘ﬂ&f‘ Whéts: ity erﬁéﬁcéf“fﬁﬁ'géslg’ é‘és’r“gnated In
some emBbaltmdriiendt s’ &@i»@ﬁ’%ﬂ’kyls@%‘?fno‘s?ﬁ‘p&?etl‘h?k?ﬂdg}’i’oﬁﬁd'é‘lﬁlc‘lﬂ’dé" beNak’in &6 way limited to,
methy?0ethiyls DropiHy’ isSprapyi indb dtyis 0. Bliti S cet Yol iREcloit,' teeRARY bistyIWieetyhdisopentyl,
neopentyWwhaxrt; septyl! ioce) Wibinyl, vt aanel,thechie (Fhevilkylrs atfackerw thearestof the
moleculely:aisingledrame: ifor, exampis; eyt Mey), wihys (& RwoRr 1 Rl etrylLiso-propyl),
n-butyl, nypenkyly Lidrcimetbiietvk (e 3 IwmethwbexywamethylRexyl and.fhe/like Unless
stated oth,@fvmqysgg&ﬁcguwm yg&asagvg g@ugekaq, al;%l ‘groulg;gs option E’( agﬁ(s§ub§Wute§Rby one or more
aI yny

of substlt de goa 1, alke,n I ycloalk
heterocy(':%aflc ary ar fa‘? 'fﬂ&%/é?oqry hp foafr 1\{1(% Ty 5r’o¥* F\afo f:yaﬁm * thiftd dro‘methyl
trlfluoromé{\ﬁ&qﬁS Hﬁr’d’“‘{r &t Isﬂ‘éﬁ YV IQR ¥ C%CY@ & a’ﬁ(ﬁa‘)sfmb(’ﬁﬁ? LO{E50 %
~OC(0)N(H/FB Ws 5 Wis THACED Toh{ i SR Wit B Y6 YRS o N OIN G2 8! SR WEINR)N(Ra)2,
-N(12.")8@®y, R Qmﬂwm@*tbly% or 2), -S(0)OR' (where tis 1 or 2), -S(0),N(R1)2 (where tis 1 or 2), or
P03(12,)20sbiens eackmRdisanddperadenily, thy dragen @lophufiusiiosd kynearbocyclyl, carbocyclylalkyl,
aryl, aralkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryi or heteroarylalkyl. [00941 "Alkylaryl"
refers to an -(alkyl)aryl radical where aryl and alkyl are as disclosed herein and which are optionally
substituted by one or more of the substituents described as suitable substituents for aryl and alkyl 40
respectively. 10095] "Alkylhetaryl" refers to an -(alkyl)hetaryl radical where hetaryl and alkyl are as
disclosed herein and which are optionally substituted-by one or more of the substituents described as
suitable substituents for aryl and alkyl respectively. (0096) "Alkylheterocycloalkyl" refers to an -(alkyl)
heterocycyl radical where alkyl and heterocycloalkyl are as 5 disclosed herein and which are optionally
substituted by one or more of the substituents described as suitable substituents for heterocycloallcyl
and alkyl respectively. [0097] An "alkene" moiety refers to a group consisting of at least two carbon
atoms and at least one carbon-carbon double bond, and an "alkyne™" moiety refers to a group
consisting of at least two carbon atoms and at least one carbon-carbon triple bond. The alkyl moiety,

whether saturated or unsaturated, may be branched, straight chain, or cyclic. 10 100981 "Alkenyl"
rafarce tn a otrainht or hranched hvdrocarbon chain radical arorin concictina enlahvy of carbon and




1001051 "Cycloalky!" refers to a monocyclic or polycyclic radical that contains only carbon and
hydrogen, and may be saturated, or partially unsaturated. Cycloallcyl groups include groups having
from 3 to 10 ring atoms (i.e. C2-Cia cycloalkyl). Whenever it appears herein, a numerical range such
as "3 to 10" refers to each integer in the givgp range; 10 e.g., "3 to 10 carbon atoms" means that the
cycloalkyl group may consist of 3 carbon atoms, efc., ug to and including 10 carbon atoms. In some
embodiments, it is a C3-C8 cycloallcyl radicaltrSomé embodiments, it is a C3-05cycloallcyl radical.
lllustrative examples of cycloalkyl groups in byflare not limited to the following moieties:
cyclopropyl, cyclobutyl, cyclopentyl, cyclopesitenyl™ cyclohexyl, cyclohexenyl, cycloseptYl, cyclooctyl,
cyclononyl, cyclodecyl, norbomyl, and the like. Unless stated otherwise specifically in the specification,
a cycloalkyl group is optionally 15 substituted by one or m¥are substituents which independently are:
alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylallcyl, heteroaryl,
heteroarylallcyl, hydroxy, halo, cyano, trifluoronfémi}ﬁ. rifluoromethoxy, nitro, trimethylsilanyl,-0C(0)-le,
-N(R")2, 16062) 1 21'sorfe (HotmnemOE (RIMUERAIR, thE P2y 2 ont(d B: )CKOIRAund MRRIHAY 12", -
N(W)C(ONUDZ M RAGEHRI MR - DUERDoRR: VBEES hi @ or SINRR (HRErEbis:L OF 2),
-5(0), fr‘}rge!(evi\!/’ re t I 1.0 %) or P03(12")2; where each fe is independently hydrogen, 20 alkyl,
fluoroalkyl, carboc cyr, carbocycl Ialk},/ld art\él, aralkyl, heterocycloalkyl, heterocycloalkylalkyl,
heteroar)’fk(’fr2 helerBs RS %&6@‘1 lefe océ)le)ﬂ"-XdlﬁfeFrﬁ’W"lrae}éé’rsst oA PPN IO ETRE Afikeny! radical
where cycloalkyl and heterocycloalkyl are as disclosediherein and which are optionally substituted by
one or more of the substituents described as sui ifuents for heterocycloalkyl and cycloalkyl

" %%r{s to a --(cycloallcyl) heterocycyl radical
where cycloallcyl and heterocycloalkyl are as disetos ein and which are optionally substituted by
one or more of the substituents described as suitable substﬁuents for heterocycloalkyl and cycloallcyl
respectively. 1001081 "Cycloalkyl-heteroaryl" refers to a -(c{cloallcyl) heteroaryl radical where
cycloalkyl and heterocycloalkyl are as disclosed herein and whlich are optionally substituted by one or
more of the substituents described as suitable 30 Eerbygtit¥lents for heterocycloalkyl and cycloallcyl
respectivehssjOhlofd ethvaitest o aldoveptice oy soiipiing effodintddalad chrphuadngrnem. ta:8 carbon atoms
of a straight, branched, cyclic configuration and compinations thereof attached to the parent structure
through an oxygen. Examples include metho 5 ethaky, pgopoxy, isopropoxy, cyclopropyloxy,
cyclohexyloxy and the like. "Lower alkoxy" reféfstg alk§Xy groups containing one to six carbons. In
some embodiments, C1-C4 alkyl, is an alkyl gk whi5 encompasses both 35 straight and branched
chain alkyls of from 1 to 4 carbon atoms. [001101 T ter?ﬁ "substituted alkoxy" refers to alkoxy
wherein the alkyl constituent is substituted (i.e., -O-(substﬁu%d alkyl)). Unless stated otherwise
specifi€ally in the specification, the alkyl moiety of an alkoxy gtoup is optionally substituted by one or
more substituents which independently are: alkyl, Frerelodlkyl, alkenyl, alkynyl, cycloalkyl,
heterocygbosd]cyh samy knavgiabiglofiteteresiopl thetenoard/taHothuaydnoss fadmusyeifortiifosomethyl, 40
~ trifluorometinoxy, nitro, trimethylsilanyl, -OR", SR', -0C(0)-R', -N(12")2, -C(0)12", -C(0)0O1e,
-0C(0)N(Ra)2, -C(0)N(R52, -N(Ra)C(0)01e,-N(Ra)C(0)Ra, - N612.)C(0)N(R.)2, N(12)C(NR")N(Ra)2,

-N(R,S(0),R" (where tis 1 or 2), -S(ORQR" fwheye tis | or 0)B(R12 (where tis 1 or 2), or
P03(12")2, where each R is independéntly -17- hydrog uomalkyl, carbocyclyl,
carbocyclylallcyl, aryl, aralkyl, heterocycloalkkyhheterocycldalkyalkyl, heteroaryl or heteroarylallicyl.
1001111 The term "alkoxycarbonyl" refers to a,broup of the formulg (alkoxy)(C=0)- attached through
the carbonyl carbon wherein the alkoxy group ha% the indicated num¥er of carbon atoms. Thus a

Cl-Cé6ialkoxycarbonyl group is an 5 alkoxygrauxhaving from 1tesuiearioon atoms attached through its
oxygen tQogsSarRQsd difsaimerk AMEY iV kRXYGRY Rapyind efessin Aivalkoxxearbaryham A wherein the
alkoxy groep {SaJaWeR, AKX GER YR B: SHMERTPOSIMGRISH S & Sk Al e 5P Blksay group which
encompagses hath, haidhtand Dianehad.chain alkox gros.of o Hod.caiben. aloms, 1001121
The termq.‘s_u%stitute alkoxycarbonyl" refers to the roup (substltﬂtey’afky?%-(n: 0 -%Nﬁerein the group
is 10 atta@HEg Be A AR SRR Bl R e oy RIS h AT e 4 pstda ke rwise
specifiCamyprietrvdsafimaar CHia MRk bty ot anisieias Biiregraliyti§ Bptbtally substituted by
one or mertosyehybtietheryely Wik ik efellsd riistosyrlaniy! dittsperraadedaikly hetstiaar yf, baepnipidyactoallcyl,
heterocyaip&tkytk campinaingtalbenth, fosteroeiyhdreteroarylallcyl, hydroxy, halo, cyano, trifluoromethyl,
trifluoromethoxy, nitro, trimethylsilanyl, -OR", SR", -6(0)-1e, -N(R.12, -C(0)R,, -C(0)OR",
-0C(0)N(R12, 15 -C(0)N(1112, -N(121C(0)0Ra, -N(R1C(0)R", - N(R1C(0)N(R12, Nat1C(NR1N(R12,
-N(R1S(0)1le (where tis | or 2), -S(0)Ole (where tis 1 or 2), -S(0)1140112 (where tis | or 2), or
PO3(e)2, where each WI is independently hydrogen, alkyl, fluoroalkyl, carbocyclyl, carbocyclylallcyl,
aryl, arallcyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or heteroarylalkyl. 1001131 "Acyl"
refers to the groups (alkyl)-C(0)-, (ary1)-C(0)-, (heteroary1)-C(0)-, (heteroalkyl)-C(0)-, and 20
(heterocycloalkyl)-C(0)-, wherein the group is attached to the parent structure through the carbonyl

functionality. In some embodiments, it is a C1-C10 acyl radical which refers to the total number of
chain or rina atome nf the allkv/l arvyl hetearnoarvl or heteracyvieloalley/l nortion of the acviovy, arorin nliie




10 cyano, trifluoromethyl, trifluoromethoxy, nitro, trimethylsilanyl, -OR’, -Sit', -0C(0)-le, -N(le)2, -C(0)1r,
-C(0)01e, -0C(0)N(R12, -C(0)N(R™M2, -N(1r)C(0)012", -N(Ra)C(0)1e, - N(fe)C(0)N(r)2,
N(r)C(NR)N(R8)2, -N(r)S(0),R. (where tis 1 or 2), -S(0)OR' (where tis 1 or 2), -S(0)1N(Re)2 (where t
is1or?2), or 0 Ra)2, wher h 12..is i endently hydrogen, alk I fluo I carbocyclyl
carbocyc Z (so T)erg?oa Y etéf%‘gn% 0 ? OF' ogf‘grét%é ch/)a% %Igllﬁl%etgoéﬁ% héférdarylalkyl and
each of thése rRoYé%/g iﬁl Mﬂ’aﬁ’ﬂfsdﬁ ﬁﬁf@’&“&%@?ﬂé‘?mﬂﬂﬁer@m%ﬁ%@ﬁ*ﬁg 'term
"substitutEB-aAThoMEISHPRERAE to N-oxides of the groups -NHRd, and NRdRd each as described
above. N{oRide i car drebqdirepiie thiiyventiertithe rinpbiiveo tormesoNdih §layhi geovipPwith, 661, example,
hydroge nsperexidaiornmechioxo par oxy,heRroiCta eithpdiae vpetsOr? skilled Haldheadtyisfamiies; with reaction
conditiong, farpaEuiag vl the N-oxidation. 20 100117] "Amide” or "amido’ refers to a chemical moiety

with formiaaCOMNRIGAmeh S0 BenY‘élAe&@ &%&‘3'&%%&9%@%@% &P«E‘%FBF‘QAOE lydrogen,
alkyl, cyc oallcylg glryl Dﬁteroa% é)gbocpqmem 4 %h Orm%‘fgr ‘%n% t?'? él-u gcy&h&& onded through a
ubsti

ring carbon -&ach C)f’r ich mol ty may itself be optiona Insdmeem %nts itis a
CI-C, amRﬁ‘b"%‘r"%?d‘é‘?gb‘?&ﬁﬁzﬁfhléﬁ‘?ﬁcfﬁﬁ%%‘%8‘ afhitde carbonyl in the total number of carbons in the
rad|cal°Tl?é-"ﬂ2lbmfm@%ﬁwghﬁlﬂéeﬁ?%ﬁ@ﬁ%wa?%@%ﬁ({@déﬁﬂé?%fﬁ"cﬁ@%’f’rdﬁé‘ﬁ‘ to which it is
attached @bto-fonyi, modrorl cB-lomeryl ayentlygs ed rildigpeiviless stated otherwise specifically in the
specificatimagjanmasrieken syibkatis fogtinrRalby, substjatetindepe ndent wibyrensier, margpiviing

substitue pts:askdeaariPre heraimfoimatand cyeiaallah, atyl, heipigancaikhigiaracMoloaliyl. An amide
may be aemng&g}ldd&%ga’egthg{g %@ﬁﬁgl@@ﬁ@glﬂ@[qlme@tgmwnd of Formula (1), thereby forming a
prodrug. fi BTG, BYSIRX, oF earbor ide.chaln andhe,cpiRounds denceibed arein can be

amldn‘led ocedures and Speciic ghoupst make such amides are nown to thase of skill in the

art 30 and I@a\h“lp’ AU TSR i Fetdlehte Sourftes Bith 38 ¢adhe aRa Wi, Protective Groups in
Organic $YMthe&isoms snhsdaentsof 9o meianeegoseme MERPYHRY NN TB89 TEhERY inéBkporated
hérein bylkﬁe?@ﬂ@emmréwﬁmﬁm&ﬂﬂ"Nr’@rﬁa@iékﬁrcléraylkwf&&t@%n%%@*a‘é%’al-With six to
ten ring atamsHe g hale6-C10 aromatic or C6-Clo aryl) which has at least one ring having a conjugated
pi elecifopmyptansomdtichdmen brasyielic:d .o prpoyl duarany, rand waphihyl)c Biva)ent sgdicals formed
from Subs&'m@,dcbﬁmmed&rmzme@@m,@{lagnmectr@%ué@e@;es;@,tréﬂg o 2igmscate named as
substltute(gicgr@py ene radicals. Bivalent radicals derived from univalent polycyclic hydrocarbon

radicals whose names gg Lo 4 “’}/r bgﬂg 9% ?|;9f\${ \Iﬁﬁ]df{p%e[{,ato%frognﬂ:he carbon atom with the free

valence are amadby Ad ene’ e’corrésponding uriivalent radical, e.g., a
naphthy! §f8tlp {R/Fﬂ’f‘i\ﬁ?&??%‘i‘ﬁ%é ?Sf*ﬁt‘fﬁf‘fﬁ‘ﬁ‘?e'ﬂ? ‘f%”i%’ﬂ%é’&‘?ﬁ%ﬁﬁ’l%d'exév Sheveiie Yhp ks herein, a
numenéalPfahdé Sthchikes X8 te thaporerers teraachsritey e i thergiverridge: lékgdmgé?‘fd*%o ring atoms"
means thémiterevangingCE([H19&Y) € oPSHOf 6T § atdingereddivwg <4 Qoafigwrtiore tn. soap tobedikiticilding 10
ring atomse hhatiarm teolddesihonacy cicVoV fUGE dInNY, pokIcyt)iifi e XIMngsendnpbusheresadjacent
pairs of rigg ARMSH-HaLRS. Wiess, Siatesciltensise apecilically ik thepspeeification, mmary) moiety is
0pti0na”¥v§ybﬁ¥i‘i§ﬂ%d>@>kﬁr§§xp&W@M&%ﬂ%ﬁ&é&hk@hs%}ﬂd%m@?GE'Yon@'EM&oKi@E&EQ@'ky| alkenyl,
'Ctzm??rlﬁ.glor%)(r%‘%%ﬁ&%ﬁh%%%%9?¥C|89lkw GV AR, Retergayly Q%@Q@r@’& hd%cg:{gﬁ’z ha(';;pﬂs
-oc(o)N(Fi‘ % 7 “ﬁf@ é{ gﬁw%%ﬁg ?ﬁ(@éﬁ \%lé) &ﬁ??r) &r’g N(R,2, -N(Ie)S(0)R"
(where t NG ¥, i )’@P? Wf’if |sCT(8? X Fé‘l% ‘?’?5‘(5? fft)z where 5
each le |§?ﬁ%ﬁé‘ﬁ’dently hydrogen, alkyl, ﬂuoroalkyl carbocyclyl, carbocyclylalkyl, aryl, aralkyl,
heterocydi@éikyln fvexerdoyiaiod kK yhalkyntan tbecemptuot sfcardiabAal Ky V001191 XArakeyiiotarylalkyl”
refers o anxfainykyaloyiponadhicaleivia ieparyblapyd eibinyliaieiasbdiseltsed herein and which are optionally

_ SubstitutetkRpPNEpRE0I2-Obthei Shpsidtesimeesetipet ar.cotablgsubatitaentsdanand.gnd alkyl
respectivglynol k002 BEIGH £ 81R b dmanchemigalradigal abiREmanOuPR. hete, Reis selected

from the MR Sopsisting, o kv syciaplevk amvheserpanl.Rondss.iiaugR A ring carbon) and
heteroalicyc gboxnged th{gurgh 3 Lng carbon). Any amine, hydroxy, or carboxyl side chain on the

INE 1S O

compoun & herein can be esterified. The procedures and specific groups to make such
esters are known to those of skill in the art and can readily be found in reference sources such as
Greene and Wuts, Protective Groups in Organic Synthesis, 3.sup.rci Ed., John Wiley Et Sons, New
York, N.Y., 15 1999, which is incorporated herein by reference in its entirety. Unless stated otherwise
specifically in the specification, an ester group is optfenally substituted by one or more substituents
which independently are: alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, hydroxy, halo, cyano, trifluoromethyl, trifluoromethoxy, nitro,
trimethylsilanyl,-0C(0)-le, -N(12)2, -C(0)1e, -C(0)01e, -0C(0)N(le)2, -C(0)N(R)2, -N(FC)C(0)012,
-N(R,C(0)1r, - N(12'1C(0)N(R,2, N(le)C(NFON(le)2, 20 -N(R,S(0),R (where tis 1 or 2), -S(0),0Ole
(where tis 1 or 2), -S(0),N(V)2 (where tis 1 or 2), or P03(12)2, where each 12, is independently
hydrogen, alkyl, fluoroalkyl, carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl,

heterocycloalkylaficyl, heteroaryl or heteroarylalkyl. 1001211 "Fluoroalkyl" refers to an alkyl radical, as
Aefined ahnve that ic crithetitiited by one ar more fliinr radicale ac defined abhnve for evamnle



25 1,3-benzodioxolyl, benzofuranyl, benzooxazolyl, benzo[d]thiazolyl, benzothiadiazolyl,
benzo[b][1,4}dioxepinyl, benzo[b][1,4)oxazinyl, 1,4-benzodioxanyl, benzonaphthofuranyl,
benzoxazolyl, benzodioxolyl, benzodioxinyl, benzoxazolyl, benzopyranyl, benzopyranonyl,
benzofuranyl, benzofuranonyl, benzofuraz,anyl, benz\,rvhlazolyl benzothienyl (benzothiophenyl),
benzothieno[3,2-d]pyrimidinyl, benzotriazolyl, benzgl4: 6]imidazo[1,2-a]pyridinyl, carbazolyl, einnolinyl,
cyclopenta[d]pyrimidinyl, 6,7-dihydro-5H-cyclopentf[4,>{thieno[2,3-d]pyrimidinyl, 30
5,6-dihydrobenzo[h]quinazolinyl, 5,6- dihydrobenzd%@ﬂnyl
6,7-dihydro-5H-benzo[6,7]cyclohepta[l,2 c]pyrldazw, benzofuranyl, dibenzothiophenyl, furanyl,
furaz_anyl, furanonyl, furo[3,2-c]pyridinyl, 5,6, 7 89,10 hle!?(ahydrocycloocta[d]pyrlm|d|nyI
5,6,7,8,9,10- hexanydroc cloocta[d]pyridaziny 2

5,6,7,8,9 1U“ﬁ§‘5&§hyh‘i’o &IB%%?&[&?MH&%%&‘H%‘?&M“&&dﬁf&iy?fkﬁ%ﬁé{‘i‘aﬂﬂ’/ﬁ“?ﬁ‘&o Vioidazolyl, -
isoindolyl, fFHERRYRILENE E6 AL imie BEASRYFif I BifRAiR 1R 2 ERypeycloalkyl, cycloalkyl, cyano,
5,8-methanoi®,BapBletradh yitrageheiotimilo35 naphthyridinyl, 1,6-naphthyridinonyl, oxadiazolyl,
2-0xoazepiryl, oreaablydspestisamy/inventi a8 dol bhibliasociakppei¢bamnolh jonsia E2bkinask), is

1-phenyl-J Ry ceahisRhenaziny hananathiagindrpihenasat btyhe phibalazipyhdpiaticiayeaurinyl,
pyranyl, pyrraluled; Meoqxzwkoi@eésgl&vafmdMmpwmms pwmﬁ;"uznd]pmwlwh IX,
PyrdoL 4 APV i PO DY Tdmxlﬂpw%%%ggrro%sgg nazolinyh AuinQxAiny!.

quinolinyl, isaquinolinyl, tetrahydroquinolin -tetr uin

40
56,7, éoteﬁlgﬁ Cﬁ%af) H‘fS‘f‘ﬁ %xjﬂgldlemneatfz)féh dTp ha.mhl ition takes place in a su )ect sx)g’ermg from a disorder
6,7,8,9- tEﬁ‘QHWI‘HiISFFtWM émg{[&ose)m {f[lé lgnﬁfp§ﬁxfﬁlmlary diseases involving malfunctioning of
5,6,7,8-teﬂ%1h9§m&§l§6f4,f@feW%zwﬂ%ﬁéwmeM%lwemﬁﬁwﬂmw resRifpsIyHisesseazolyl,
triazinyl, thienodd, Gped pfrimidimyhethdenal 2capyariduidid iy ih¢imeivd 2s hedpredma i Fermdidléidphenyl (Le.
thienyl). UnlassrStatachoddd RBthaBsisRgpagifically in the specification, a heteraryi moiety is optionally
Slibstituteﬁol%f AN&AL MVE=HO SR RRkIVIChigEe: inds perdently.alk-heteraalinikalkenyl, allcynyl,

cycloalicyl hetarocy %Qt%;%geg@vihm&lme hetsreand vheteraatyialicil Y draxyafaier gyano, nitro,
0C(0)-le,-C(0)le, -C(0)01e, -C(0)N(Ra)2, -N(e)C(0)01e,

0X0, thloxo trim

-N(Ie)C(OmeMN%eﬁ ch' )é Whe 1t Is 1 or 2), -S(0)ale (where tis 1 or 5 2), -§(0), N(R12 (wheretis 1
or 2), or P¥4Ye)rs° Wﬁé‘l”é“é‘éﬁ@ﬁ f&e fgeﬁfaéﬁ‘é”ﬁﬁéWHVBPéﬁ%eﬁc’“&fﬂ'iﬂ“pﬁﬁ'&?S?ﬂ%? eé"bllf)ocyclyl
carbocyclipRgfity fn 3¢ Anclha ApTCHBLRISEY IS AIRY Prafidtet RO FeingRyisteBro Sror Hedstshrylallcy!.
1001291 BulostitstedehEemstinglcotposin biute of Afnisiesitag swhilsgiitntedihariad enseraromore oxide (-0-)
substituepispanahiasopytietimhil:dog desobodi 8otk e taroaml aliyVirafers 6 dihioietpdraving an aryl
moiety, akdesGHbeahakeircanaaeiediamnaalkhdena hohtmoiebmsasitlescrihedihangine wberein the
connectiop o RG.(EIARAAL L INERRAILEULR dSHRIAUY BIRR-AIGWRBRGHMBodQ} 3ahi-Tp
Hieterocy AR NaIPIRI3 10 3. RANG %&9&%@%&3@&&%%a&m&%@wﬂa&mta@;ns;gmr'ses two

to twelve car on atoms an m ope to Six dheteroatgm ll cted nifrogen, oxygen and sulfur.
b ,
Whenével' e HppEsrs Fersine ré’is’nurf'?en Sarrange such a W,S, 'fé’r panfersjtoc’)meacf% ﬁeteger in the given

range; e.g"™ fﬁ“i’geﬁf‘f@“’&tﬁmﬁhﬁ‘é‘éﬁ%eﬂﬁgf‘ﬂféeﬁ‘&%’f‘oa&ﬁéﬁm‘iﬁ’ﬁrﬁfﬁ RN %yorﬁ%f’i%'tc’%f“é"ﬁ'ng atoms, 4
ring atomisinsdismap bertleret ettt &ted Tiay AmTeurior s apin AR Sy thierits Gt aeresfie10
heterocyclevatibizs n woks ef eerivedi irbding fir a4 Orhieteiio Syoktralyt. trststhnerditdybeliments, it is a
C3-C10hetettayaloatty shbolbsststatedestienwiserspestficaillignnd heespaeiiweticivp tentieterocycloallcyl
radicahis a QRREeNGlGDicY liGsttitylicwirdabiaa yaligtHagraycians senhi ehimmyianobidacdased or bridged
ring system&%fgg,@g&ggqgggqﬁg@e heterocycloalkyl radical may be optionally oxidized. One or more
nitrogen gigIys, | aﬁz&&aeasnpec@sﬁm%m%aﬂx aug&srmzs&ovTJawm%q.gy&JpﬁmmmU%9@{4&@'Iy or fully

saturated. The 20 eteroc cloal k t { f)@garngjﬁ‘cu le tl%‘gugh any atom of
the ring(sf B f(eé‘l‘rﬁndjlle%e%rfmsuc °'P|p°teroc cfmalﬁagt adlcals il zsef%ut ‘are not fimited to, dioxolanyl,

thlenyl[l ﬁ&fﬁf&l’r‘iﬁjﬂ“ﬁ’%’éﬁy&WS@Sh%%M"si‘}ﬁf’déaz%‘l“hd PolishrambsH BB i HRE2 SNy, isoxazolidinyl,
morphdlinyl, octahydroindolyl, octahyﬁ?%?%ﬁ%ﬁ’@"?’?‘a'wﬁwﬂﬂyl 2-oxopiperidinyl,
2-oxopyrrisnsihyhloxelizeimydtepipradcitasamplirtieayrplionepiphisisherifdatioy protidttmjrepmaze Reiny |,
quinuclidiregretbi anndiginydxtatealfyaitohdimdydrpinianiph, tetratvy oo ysliogtlort v mpenififatiyimg, 25
thiamorphelinylaly @xe:thiersenphediayd varedad-dioxo-thiomorpholinyl. Unless stated otherwise
specifically in the specification, a heterocycloallcyl moiety is optionally substituted by one or more
substituents which independently are: alkyl, heteroalkyl, alkenyl, allcynyl, cycloalkyl, heterocycloalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, hydroxy, halo, cyano, nitro, oxo, thioxo, trimethylsilanyl, -SR
-0C(0)-le, -N(le)2, -C(0)Fe, -C(0)01e, -C(0)N(le)2, -N(le)C(0)01e, -N(R,C(0)1e, -N(Rft)S(0)2re (where t
islor2),-S(0)10 t' (wheretis 1 or 2), -S(0),N(R52 (where t 30 is | or 2), or P03(1e)2, where each le is
independently hydrogen, alkyl, fluoroallcyl, carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocyclo'
alkyl, heteroaryl or heteroarylallcyl. 100132] "Heterocycloalkyl" also includes bicyclic ring systems
wherein one non-aromatic ring, usually with 3 to 7 ring atoms, contains at least 2 carbon atoms in

addition to 1-3 heteroatoms independently selected from oxygen, sulfur, and nitrogen, as well as
comhinatinne comnricinn at laact nne nf the foreanina heteroatome: and the other rina 1icrialiyvy 25 with



understood that "a compound of Formula!" encompass the compound of Formula! and solvates of the
compound, as well as mixtures thereof. [00143] "Substituted" means that the referenced group may be
substituted with one or more additional group(s) individually and independently selected from acyl,

alkyl, alkylaryl, cycloallcyl, arallc¥hggyﬂgg@£pﬁq¥grgﬁﬁgmgﬁcg heteroaryl heterocycloalkyl,
Wl o T Ll N it
|socyana B5thios VAnato, 1Sothioc anato, nitro, Oxo, er aloa uoroa osphate silyl,
sulfinyl, S@W"ﬁ?ﬁ@ﬁ&?ﬁ?ﬂiﬁ%&%ﬁs S pares "ﬁf’éé?“é{‘i‘fhbéﬁgmbe RGeS ﬁ%r{ﬁ 48 di-substituted
amino gréugisd desreiptiethpove frdltl uris svbsinrareBivirbinrshENePEbn MG EtbUpEEsedMpass those
which forme adingripgethengvitiviike nitrogen of the amino group, such as for instance, morpholino. The
substituepissiherasedyiss tayeh Gratdastif el fgmexnmplendntyobaieyt SNbsktfe itnays have a
halide sufs}ijuted at one or more ring carbons, and the like. The protecting groups that may form the

protective,fefivafives ol t@.%??kf&u%%ﬂ&%%‘&@&%&%%ﬂ&%@ 1hask atalilbishe.ark s say be found

in references such as ree%rt]e ts, above. I er él4 Sulfanyl refers to the groups: -5-(optionally
substitutH TR -5 EBRHEHaY" sulﬁs(fﬁj%e ara%' ohally substituted heteroaryl). and

-S-(opfortf8fif} sEHSstiferist hretsreiERraiam AL °fL‘B"f6631‘218Tl §ﬂ1| g 0L PRI S AUTB LR 1Y )1,

-8(0)-(optrgvriribyhs inerstin iteekls et S e Yins Briocrlass dadsti dtederips Y St toptioMily substituted
aryl), -S(@3pitionalysu bstinstedthoteroal s, athdicSi)o| optmiliyesd bistitareditseterelcy cloalkyl).
[00146] "Quitienyd anefes sciadhasgeatisice S(Qirneb@R){optionally substituted alkyl), -S(02)-(optionally
substitutqghaing) + <4020 anptianalivmsubsiiviag.and), a3 (3 3 (apiionaleebsgituted heteroaryl), and
'5(02)12@9%{%&' I 2%%5‘ 9&&!&%&% ﬂ%@[&&MQA@@M&JQ&&%&MH&mwyshsoocrepéum@amdo refers to a

-S(=0) ra |c w ere e%Cths? S w?%gted independently from the group consisting of hydrogen,

ntrol ra 3
alkyl, cycToaff(yf a e eroaryl L%g a rln%\carbon? ngunéj hetero&lllé?ﬁllc (bonded through a

ring carb(‘ﬂ’ﬁ”‘l’ﬁé(}lg RSt ﬁ%seﬁﬁﬁdﬁf?ﬁé“gfﬁw TadiaTEY b TR ogSther with the
nitrogen fs\prtksesy Ihepedpinisia et e Falegenindgeedglevelpring Al Rt H'Hﬂ"‘ Iﬁlsé’(?ﬁﬂ‘é“’é‘ﬁﬁbﬁﬂlments it is 25
a C1-C10esuformarhdts sutveleinadmichieRdnisutkstivneorin! contiriporitsdonir! Detarpsiss, 3 carbons, or 4
carbons tptad; Arsuapamidcgrdeenisnoiitio ntdiynsulnstituteth bifendady imedeciot tirdewlbStittients
describedyfeiabiderGreboadk i »ad Wheh atanard kespreiiveliodQObdthixp ulfoxy atisiers ABoa -S(=0)201-1
radical. [CAQplé}e%]areSwt&nﬂtﬁoﬁeiﬁﬁ§cmm§&m%@&gmmwn@r@é%r ieeigaied from the group
consistin Jf"ﬁé PR é(?é?aéo%" a%ﬁ%%%{&%%@@ﬁ%%&h&wbn%auqn%qm@mt@aagongyeroalIcychc

(bonded rough a ring carbon ate ptiopally s bstl r more of the
substitueAtE"d RS uce ﬁfiﬂm %/Efnietg?génr Qreé)|(csfé‘?:1 veF’u %eorﬁsféso%)w gsubstltuent
group$> F@"é‘ﬂféﬁi‘ﬁé]daﬁ)?“ﬂfé‘??‘%‘ffﬁﬁgéﬁﬂ SaiPEREATCal formulae, written from left to right, they equally
encompal¥eshe cbriripiet g deserdensndsuitsert b rerarang %ﬁffﬂﬂ“fﬂﬁh‘ftaﬁ’ﬂh‘f‘ﬁﬁ‘iﬂﬁﬁ il:a g‘f‘ructure from right
to 35 left, histgpath@iel A0 isllexgurivede tstepliher apritisapde 1) o ijsoimidedsfetherysrisent dviEation also
include crysimlva@chasnesphoEisrérmsdafithidsescompounds, including, for example, polymorphs,
pseudopqiyEBOrpasy apluaiRschdsaies cmsalmiedpelaiphs! (iBchicinganbydnatasykeonformational
polym%pmomgogm QBQ&% it Qldhe.LomRoHRMS. A% Walb ag Xty es:thareeh aaystalline form,"

polymorpq“c] conm'? }%]anj% m’ '&9&’ Q%H%Qslnterchangeably herein, and are meant to include all 40
crystalllne and amorphous, forms. o tpe C ound ,,QQ!;U(?%”% qowe ahmB le ymorp

pseudopdfyiorpis s 103 RSB Ry rates: eﬁﬁcéo fvated Bolymorphs (ncluding anﬁ ngtes) conformational
polyrnorpﬁg“ﬁh‘b“‘é?ﬁbﬁﬁ‘h‘aﬂﬁeﬁoﬁ’mg’s meehell as mixtures thereof, unless a particular crystalline or
amorphoURe8riifs Fekeie Brereffespof compsunds PIEHRIA AmePR TSRSt  BHPSREAR Hhnited to,
compadaneirohfiouwd ktitdmogel iy, V1IN, 1X, X, X1, XII, XIlI, and XIV and all pharmaceutically
acceptable forms thereof. Pharmaceutically acceptable forms of the compounds recited herein include
pharmaceutically acceptable saRETAHARRES FRIRIABNRRTBEHPEREY Brodrugs, and mixtures thereof.
In certain@ebodhiram¢s i exbodinpoerids etescutityetihdreinegrebivtiae fiswrbesfheriaritrdteutically $
acceptablgsaks tdencaedhantornms: schemichentity pravidkd chem icateniities.' Hiserenooripass
pharmaceyticallacseriahianals ochealates, sana-ramsalenteonpiexgSopredgssandraixtsres. [00153]
In addioq, if.1he; 6P/ ALE AWM ndNmes MindtheMidh deSorMoaXdsed haytH brBloyehMais obtained 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 acceptable addition salt,
may be produced by dissolving the 10 free base in dkuitable organic solvent and treating the solution
with an acid, in accordance with conventional procedures for preparing acid addition salts from base
compounds. Those skilled in the art will recognize various synthetic methodologies that may be used
to prepare non-toxic pharmaceutically acceptable addition salts. 100154] In one aspect, the present
invention provides a compound of Formula 1 or a pharmaceutically acceptable salt thereof:, 1$
Formula 1 [00155] wherein W™ is CR3 or N; W: is C125 or N; Wal is CR6 or N; Wa. is Nor Cle; Whs is
CR2, CHRE, or N, [00156] wherein no more than two adjacent ring atoms selected from W2, V42, W2,
V44, and Wbs are heteroatoms; (00157] Wd is heterocycloalkyl, aryl or heteroaryl; 20 1001581 B is

Aallev/7l aminn heteroallenvyl evieloalleyyl heteroceveloalleyrl aor 2 moietyys of Earmiila 1l Eormiila 1 1001 501




(00163] R2 is alkyl, heteroalkyl, alkenyl, alkynyl, cycloallcyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sulfonarnido, halo, cyano,
hydroxy, nitro, phosphate, urea, or carbonate; [001641 R.5 is hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, h%t‘ggr%cync\:,lecr)‘ Ilc¥ % {( 3<e‘é’mafq,'9§,86%ﬁﬂé 10, ¢ %¥ﬁna§¥|0 g/ﬁ?melgl% icar ‘R%)é n%' 01{1 onamide, halo,

cyano, h daroxy, nitro, ar eteroar re, le, le, and R8 are m&epen ydrogen alkyl,
alkenyl, a‘l“ll‘,’)?ﬁ‘iﬂ‘“&%/‘ﬁ’ fgﬁ/f“}*?&’l’é?lfﬁlf&ff'sﬁm&a? %Ma%fgtsEerﬁ?ﬁgedé'&ﬁb%lcyloxy, sulfonamide, halo,

cyano, hyl@¢iky letiifefaed Alenour8 (rthais FrdiseaificdeBrRed TR BpE e SRa P 1YaRdEN, C,-Cloalleyl,
C3-C7cycloaikyy,uhistevaidycisalichill brhEeat tokbisk teis dratiryion 2EFEO Vaptidns suinblispitro thfamotts, W2 is
Cle. In sonteranab ocdimpenish\MRHachl. In some embodiments, Wa2 is CR5. In some embodiments, W2
is N. In sqib3) e g iMa R ciaidstdRBim a2 Bhodinantisd Whe ischilhizameembodiments, W is
CR7.In SQHEL?&’ILQQQL!QEQ%&% A&%;p some embodlments WO is Cle. In some embodiments, WO is
CHRS. Inb&%ue em §ercments W me e IS CR?c,aWZ |§m‘c§6 and W.4 is

QD Sobzalf) & phedi
CR7.Ins em%S menta © ¥ ogmajv. Vea en a e(i W nag%arﬁ"?g em ments W2 is CR5,

W2 is N, STEWEA e | °§8mmn ¢ fr’ﬁlce‘ﬁ g S"Wlﬁm C?fﬁ‘ocx ?’c CRESH W18 N. In some
embodfneshids Wsihan s sieie. éﬁﬁPW% 5 B9 PR BIRBRITFARRS WWIETIE Snd Was3 and
Wa4 are MrbhhydometeinbudirratieanyisrisieRS. Yarseraurervisotinentdedgisceui silsome
embodimeasitsyidddaboitgdierbiie 30 Aligopube dihdipds)clbdaRsisatiREhAIQorgaiitREnpdvindsbEdr ¢ wriokd/Vbs is Cle.
In some epAhe@GHIRR NiSadMidniS A8 nalVa ssucahn Wéiils Eoipbural thr\ddlakiily, GRS plinspmie#mbodiments,

W2 is CRéméél@aJﬁ ti;ﬁ%@e. Wethiss GRA AN bR s Ninbbuse AMPANMERE M i a2 is CR6, W2
|s 20 Cﬁgﬂ a ofg\é gcse QR8 In some embodiments, W2 is N, W2 is CR6, Wc4 is CR7, and WDb5 is
S

n some em rﬁ'éen{?nW%Ls N, \Q/Z IS CR6d . IS, C§7é nd W, 5t is N, Ins er bodiments,
W 2 is CRE Q2N \ﬂ?ml"ss’tcfﬁufe ARE 13 RO e adiments.” é:)bl'-'f V2 is N, W: is
CR7, and™¥Hs PEaCardmpesteipy KBHE *é‘r‘ﬁBB‘H?ﬁf&"r?fé”W’éef?’éﬁ% %?&N*’Wﬁﬁ?ﬁﬁ?‘y&h"d Wb5 is N. In
some emisoelipersistsis YefineddnRBnAL of fe EE%“W%E@"@‘N”%G"WB&% FRigreseipReisthbodiments,
Wa2 is CREinsRifsaliReraty withiged, bind tPAMHOaigeClelR@ds thas itiate 5 waendsadipiveintaciviy (S tBR5, W2 is
CR6, \ddatisthbiypaptldbhhtitding Ricome remizadmnenss W aadipzhencofNkhidia i8g€R7, and Wb5 is
CR8.In SWBQQQM%IL& MWag.andiVahaislin W isfsifa, and Wb5 is CHle. In some

em bod'mﬁ% eﬁﬁda}{&goﬁ&gﬁ N %Aﬁ&@h@&d@%ﬁﬁg&&w amgm@r%ub&q,mﬁmssmm is CR5, W2

and Wi ar%lh n}(li O%tolo%cagsm\ﬁft%{n %%m%? cfrllser’b u?hléltmg%ea tm or expresasi%n%l%%x“ and Wh5 is

CHRS. In soPﬁe em acl are % ] In some
embodimERE BIRTgREY S IFTE G SR b Tt b“ ARy TreETaan thﬁ nltwotto il é ‘g “Nlele
wheréih &erpIeig W?a‘éHéﬁﬂ@ﬁﬂ?gﬂ?ﬂ?bﬁ%h%ﬂﬁﬁ“ﬂﬁ%élw éa?%@téﬁﬁ“%@éfﬁseve@ tyl, aryl,
aralkyl, hétkibdediclesititpttivitefthiprsrd aita aHderitite rod sfico mpratasT oXthy Pt ansfulien esreYcombined
together ter farmmtia eysel igordioietynewlivicle Airolspekefediiv indudaitwitiitéd defipijoeritlmftrpl pelaxmy|, and

-morpholingiviiy ineshe smbadisrertssBeiseinsribstifviashot, st tdteeasminediosomeassimbodiments, B
is unsubstifited Qf-ubstitted hetargatom ddas{R2)q Formula 11 [001691 In some embodiments, B is a

moiety,pf GRRMUlA. LLMJCM;;%&@'nmtﬁo@agaﬁmb%eﬁ%lﬁ&;sm‘éng}@fegraau,g GRRSISHNG QR unsubstituted

or subst|tuted ar substltutegé I unsi,l tltuted or substltut d régtero gyl ingluding but -26- not
atment lastic er age. ts com nses erapeuti
- r|m|d|n 5-yl, or

limited top In-2-yl, pyridin-3- p r rmic
pyrazin-2- %"Uﬁ‘%’%tm@‘dhﬁ %tf‘%/“’f’e" °r'r’?oﬁ'o“?: °§anﬁeferary¥ nsu ISt tgc}( SIS BEituted bicyclic

heteroaryP24T Bt S IEE T ﬁﬁ’éﬂi‘& tWéVﬁ‘ét‘éﬁSﬁtlﬂfﬂ%“ﬁ%"ﬁn@‘%l’B’ﬁ%“h HEEBERuIRE B & ibstituted
heteroarytrastaptigirgeaonitreigion diirghater oHetePedPR: comprising two nitrogen ring atoms, heteroaryl
comprisingashitregen arithbalguifion asiaintg atsmseBrin st tittdidurgihbstitatetriraterioeycloallryl
including hutisntiliniedidocnanpheliaylrtetal ydramean yopipesazinihnesd ¢ piperekiaih sisrsubstituted or
substituteg,cxelpalicyl Jogiding:bdt not limited to cyclopentyl and cyclohexyl. [001701 In some

Eﬂbﬁdﬂnﬁm’ i 8Re. LR Rl QNG RIEIES: ot PR GHIC A 20l MNH2 X NINH O

lu:rcm encompasses administration of two or more agents to an animal so that both agents and/or their
40 metabolites are present in the animal at the same time. Co-administration includes simuitaneous administration in
separate compositions, administration at different times in separate compositions, or administration in a composition in
which both agents are present.
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5 H3C---, 1 10CH3 iS02ME.."."../N H 100171] In some embodiments, B is substituted by one or more
of alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl alkoxy, amido, amino,
acyl, acyloxy, alkoxycarbonyk sulfonamide, halo, cyano, hydroxy or nitro, each of which alkyl,
heteroalk‘)élnglk%‘ el&yr% Lyele glk.)d‘ThetgrgE e(c)tg\j;z%h ar %petertgqr)gbu% 3 Iko%hadmldo amino,
acyl, acyloxy, or suffonami o may itself be substiuted. 100172] In some embodiments, R1 is a

member SEERTENTTILER tﬁ%ffﬁéobmcgf & S R R tpR el g RE el baieg oSl B LS efé’%'f“élﬁ/l
unsubstittREEISHSL TEtitFRRTHeatk SEkye, aﬂ%ﬁ%@’tﬂé%?%ﬁ%fﬁﬁé&%ﬁ%}lcﬂﬂgﬂﬁ’gfﬂﬁtéﬂ or
substitutedaalfeypshbiar sedsisites et dision btingt itertedee ey Bowdiet aust agnefithestivise thotewabHfiteted
heterocyaleadkyhditos tinenemip etlimenton Ri is iksubstitutesiy e diastitute by anyhf adserlpstituted or
substituteghand atkylerk assdshids dackar srbstiiirek betarratyiont Hasabsitiedaisshsbiked

heteroarylgliyl, AQ/&QEF%@EHQPQ‘KD?&Q&%%%WWBM &@ﬁy&%mqsﬁgo@,lkpemeu RRuBsiuted or
substituted amldgéfulpsg(p Leglteqlsa ub tlt ted N0. Irhs me emb meno'?hgn Suuh o%qg)stltuted or

substitutedr. acyj Unsubstituted or su gltllstarf m;% onffnsu es.rttl;?utpo anor gﬁl Stituted alkoxycarbonyl or5

unsubstitt Ta& DY écubtéiatd"fmﬁterﬁfonam?ai')s'cfndglg S ERIbB MR RERF s halo which includes -Cl, -

and -BP. 11928 nes wspA B mERTRSR Pls aiRe ey %ﬁ?‘%é‘%ﬂ‘ﬁ%ﬁsﬁﬂﬁif BieEh s B erBxy nltro
unsubstitTieseltomssefrstitenerpish &p Pritining Peoeflsielietdesited resilib dntediogibtirech limitrd te Xypritite. [00173J In
some emizadinmeots proghgatix baseatl K§Y, tedapeutio btiwyit isatlnpt epribyeydn isoapeiyationof teityletieirs butyl,
sec-butylgpeRtytilh @%d0ARE P ivdrdtOR1AA) bnsemarnkadimpnts amdieniR bisalnheReteroallcyl,
alkenyl, %¥Q¥Iol§§f&l9%%lnﬁ%ﬁ&y&m@3ﬂdeﬂ§% avlaliew helstRaark-dartereandatior, alkoxy, amido,

amino, acyl, ,Q%Xmmaékgbémr 9%{%%9@9@&1% ot quxggsxm%%go@eﬁ%%ug;s ;Qcpy Hhbgsphate, or

unsubstltgted urea, ors tuted §1rea Qr carb on r carbon

embodiménts, Ren RY'iE ”I’sr}%re é‘?ég?kytat eny ?ﬁ%ﬂ uﬁa%mucl oailcy elchete anemcrf(g T(ﬁl aryl,
arylalkyl, ‘Ffé?é’i’t?ﬁr‘iﬂ‘h?%’%'é‘t"&éﬁﬂé%ﬂt°‘3ﬁ{’6§&‘seﬁsrﬁ"68‘ e S ‘%ﬁ/‘i‘sﬁfc@i%%/lﬁf“élﬂwggar‘ﬁml or
sulfonamigiée- RI is 15 substituted by one or more of alkyl, heteroallcyl, alkenyl, allcynyl, cycloalkyl,
heterocydtewiky| Adtidrpajikcditeyl,” retheroaryd hébarbanrakasbesdkorapedintichofitardine pasiyladicyloxy,
alkoxyoadsnyds &sticsaaroiel 04 hapayleyiaerectiytlidexdeioling it eljsiachgohieupchebafl; detergallcyl, alkenyl,
allcynyl, cygchasikidlyheteanysiaalichsalylsyapdallap shatesoanliheisiaaryialieyd: alkexymamido, amino,
acyl, acylg @ksgggwgggggpygnmﬁtgjmg&wﬁgpIf be substituted. . [001761 In some
embomm@@ﬁ B e IREL SR A NG ARURRRNISHNG S HPHRAINIE Rf ahpstituted 20

alkyl, uns |tute<§ or r shbstiuted. ie teroa ?Y urgs stlt t ltlor syl c%}mlée%e emlorunsubasstltuted or
substitutsd SRV URSTR I e o B SR ETLIe Bhe fd unsubstituted or supstituted

heterc?éyélﬁéf?é?‘f" aﬁ‘f‘%d??fé*‘@ﬁ?b‘&ﬂ?ﬁ‘i‘éﬁ*@“ F?lf fé“ﬁﬁéﬂﬁ?ﬂfﬁ't@& or SR RHERFARA *dhsubstituted or
substituteeldebytmikgaid i atlfutivr erid pivsthitedihehs ky| ettt drrutdiiorssrstituted
heteroarydalieyirdnds dimrsaephbodinreidt sroRRirsaih giydobititciterioriseds titeltedid ey 2ddh salostituted or
substitutediaraes ddiastpstitited.firs dbgitrited Q. ol shmeiesibadinenisd Rgtisabfumsubstituted
or substitytedaeliisidstitited ersusiiiedaad axymbinau bsiiiesansibstisiedealkoxycarbonyl,
or Un%b%&%ﬁ@!ﬂg m@m&qtﬁm@mg O30 RBRRAIMERES, JVRn SuRRlQ bRichyis -1, -F, -Cl, or

-Br. In some bo dir ent ssggl)(’ef:&ed from thegl%ug conS|st|ngr of c%argo h%droxygenltro a

. mc um, monium, magnesuun, yon, Z
carbonic aci dacar onatgo In sgme enm gu bstityted or subsfituted phosphate.

Iments, R
In some éHﬁ’B‘bH’rr‘h“éﬁ}t% e PR BT et o S Sﬁlté e %’F%hé e1n°r§5%’qéﬁ18ara’?ﬁ°§'ﬁ# T Wen R2 is
alkyl, R2 Y&AREARYFS: é‘th%}F“‘ff’rb‘b&‘?FS fgﬂki?%'iﬂ‘“ﬁ"yﬁ’ﬁ"t‘ﬁﬂmﬁe*ﬁbsﬁt‘}fﬂ‘@W%é%f‘ﬁ&ﬂ}?ebéﬁﬁﬁ’“ﬁé‘i?ﬂ%r heptyl.
100177) Ferigornihsfipoeiinfetiisushiaeierapyeniryinsbrirpanidiehalrang rigiripmine. SyRpatmine.
heterceyeloalteydzaingl, laspialkybotimtarothir phatveteytisallyAciéopblatikenagditiom idlbis sresmdiomcyl, acyloxy,
alkoxycatamiayhns yitasnamicoymmdnichio rigesubstiuted by phosphate, substituted by urea, or
substitutqebBy carRaRBIRL1RFB Braame srrhadinapntsepdn tRigida -alyb-hataraalkyl, alkenyl,
allcynyl, %&9&9@'&y;lergatﬁaggy&mgmn@%ﬁémmgIag@,@emmtmh%@@M@JMa lkoxy, amide,
amino, a & afk)ﬂ“ox doﬂ q,x.)icu‘z 4 Oa%e[?t?l;‘ oFolionam %’y &‘\% ?%%%E%“?Qei?}én‘o"&h n%e'DrPrﬁx&L alkyl,

heteroalky I heterotc clo ﬁ\l g/ K gtetrogr %\( amldo amino, acyl,
acyloxy, é{ﬁ?g‘xﬁsca?ﬁc’"ve onalI e A o no. Ny ring Sigredent lea(: |, heteroalkyl,
alkenyl, dm‘?fffw&iﬂflﬁélkwt'ﬂ’éi%‘i‘ﬁwgé‘flc@ippgtmmﬁéfgfﬁé‘f“iﬁdﬁﬂ?owa'é"rﬁ?d’lf"‘ﬁ??ﬁ*ﬁ%'m& |, acyloxy,
alkoxycarsopsltiast sulfonamido may itself be substituted. 40 [001791 In some embodiments, q is an
integer of O. In some embodiments, q is an integer-Bf 1. In some embodiments, q is an integer of 2. In
some embodiments, q is an integer of 3. In some embodiments, q is an integer of 4. 1001801 In some
embodiments, Ra is a member selected from the group consisting of hydrogen, unsubstituted or
substituted alkyl, unsubstituted or substituted alkenyl, and unsubstituted or substituted allcynyl. In
some embodiments, R3 is unsubstituted or substituted aryl, unsubstituted or substituted heteroaryl,
unsubstituted or substituted cycloalkyl, or unsubstituted or substituted heterocycloalkyl. In some
embodiments, R.3 is unsubstituted or substituted alkoxy, 5 unsubstituted or substituted amido,

unsubstituted or substituted amino. In some embodiments, R3 is unsubstituted or substituted acyl,
1incrihetitiited or cirithetitiited acviovy 1incribetitiited or cirithetitiited alikovyvearbonv or rineribetitinited nr

anic



tmsubstituted or substituted cycloalkyl including but not limited to unsubstituted or substituted
C3-05cycloalkyl. In some embodiments, Its is unsubstituted or substituted heterocycloaikyl. In some
embodiments, Rs is unsubstituted or substituted heteroalkyl including but not limited to unsubstituted
or substit teg Ci- Cémm eroalkyl. In some em odiments, 125 lg unsubsfztltutmd or Sp stltgted alkoxy

{ i
including hot ifmited t‘gﬁ?\éﬁ%stltue 7 SU §i"f‘u atod'yc‘f” Rl 0oXy ns‘fé%e embodlments Rsis

unsu bstltl)l‘t‘g’ﬂ’ BFL s ey a&r‘ﬁ“&‘d"’ﬁ‘i‘(‘flﬁdi%&“’ﬁﬂ?ﬂ(?f fiflfa Famdricn B@Wﬁ’fé‘ﬁefi FeSLBERtERE d
C1-Cdamitish prasiis&ariba i PR RESIoR Seiluie Hestrins MTpRS i o the ETS fiPEtEE Sighl Hansirei®me embodiments,
R5 is unsprgstafitedoddiatn betitigeehtdephistinsubstiu(tedzortulrstitiie diacigolng nrissubstituted or
substituteogi] - @4 ey eaivnsitisiitutedi e eyttt achplikaty e aidaryly daseistiuiecskoahsubstituted

sulfonamiggneokmRstREIW dREshS e Felabds Wionatmise o Rspme-embosihan g5 is halo,
which is -J, oF. -Gl QLR s Qme embodiments, Rs is selected 30 from the group consisting of cyano,

hydroxy, @ggt{@ In séﬁ% other gerpegge |me§t Sul g“l"“’\,\)ﬁ“@n°ﬁ’g‘Cchﬁ§|j%’an propyl, isopropyl, -OCH3,

-OCH2C n some embodiments IS a alkenyl aIkynyI cycloalkyl,

heteroalkif® ”aky|s“§ﬁ€bx§7°%%‘1%“%hﬁﬁ°8 TR &ffmﬁ?%ﬂ?ﬁ Br ?u{ff%ﬁg??ﬂ% hEing oﬁflonally
substit\Stettefiih R BB BRI Yo et eralics o K iye W@Fney&f@awnsrﬁ@eé}f%wpda|ky|, aryl,
heteroaryioredkokogineentsitho paniirdiumery|, acyloxy, alkoxycarbonyl, 35 sulfonamido, halo, cyano, hydroxy
or nitro, emadajof Ruliidcbn abiatly"hetes ealidyl aldienykirgiopmed meyoloalitybmheterstycloalikhd, aryl, heteroaryl,
alkoxy, amidiommineiascyimaeylaxy :salliaxparraimhe asrlinaa midacman isalhesubstituted. [00185]
In some eSS ilElSBYIaen: Brsubsitiad.QrsuRslithiad plkW.ARe Wding Aktnot limited to
L% L g“ta'ted fob-fstaliot e R MBRAIMRNLS, RA/S MRRSIIUG A substituted

alken tidi ut not limited to unsubs ituted or substituted C2-05alkenyl. In some
embodlme?ﬂ’s fg' 1§ Uhisubstituted or substituted alkynyl including but not limited to unsubstituted or
substitutet08sh- Og'ﬁﬁli%id“cﬁﬂ‘?d?ﬂléaﬁﬁ%%‘ﬁ‘ﬂ%ﬂf%‘“%%cﬂﬁg’bﬁé‘ﬂgﬁﬁéﬂs&’%ﬁﬂmﬂfﬂﬁ &Roalkyl including
but not linsitedy e atitisisaly ey trosatyatiferatiedizrans cetohtityn Trode” rdprivegrsBBithents, R.6 is
unsubstititedici saistituiednh dbeirbyoisalisly rcople. @nbddaments iRt wires adrstittredkor substituted
heteroalkyltiag] udin@inatimitachio. ¢ sphstitistechons tpsitdied. Chedlaete oafiald lesome
embodimeggts . Rads-srsiatiuiac ersubaijsiacalkesinciuding e aabimied 1o nasukstituted or
substituted Gk CabONEs a9 AR E‘s%mﬁ&QQ&W@MQ%LM%Q&%&&%M&Qﬁm'do including

but not linyled 1q Upsupetiied.ar CPV%,}H;S%Q CliClamido. Jn some inpodiments, le s, unsubsfituted
or substituted amino.’In sone embodiment S, is unsuggtltute or su stltuted1 unsubstltuted or

substitute FEE B e e ey gr ?)S‘f\f’ﬂffecén A A e B T, "gfesulbsgi‘tb“[ed
alkoxyEartfotit %%B&‘ﬁﬁﬁ’é&‘wgﬁﬁﬁﬁiﬂﬁﬂ"sﬁﬁﬁﬁ%ﬁ&&’ “ér ‘ﬂﬂ&%@ﬁ‘t[ﬁt@ﬁ]“&l"r Sy HEAItRd
C1-C4sulforviaiiors| whish reicese therstifprrenreUniRIGYie Whte suftfitsdrig isjadmnisierkddy a Bemmelisome
embodimenis. F2Grigssede atde dropautidasgisuiped bmdistimchofrenad by hydifing fuatichairapdn some other
embodimerais: R isivEdohthonkatthAGehl Bwiy-piamythodiBicitoR APyt Eitla im Ot 23k ook 3. 1001861
In some ephedinaRiS. MR hRE IS BladesalkeRybralynpn&yeloalkyky haties eallavraexlisadkoxy, amido,

amino @%%Xé/malb%y ﬁ£@9€%'m95r§ g&mslfse Bﬁp&,;a@mﬁlﬁyeéuwﬁumwmb% L gnore of alkyl,
heteroalkyl alke °¥b c rg’)é cyclo heteroc cloal Iélargl hqterpa oxﬁ alkqx% {nldo amino, acyl,

orm a no or Teap 1o gro%
acyloxy, a su onaml a o cya oé/ or nltro &ac fw |ch a ni _heteroalkyl,
alkenyl, a‘I’(’,1 %??&'Ieo l?‘?%’t‘éaf%%em ‘éeﬁ<yl ar°‘1 Qncértaeroar AR nlfs o saTts aai‘(:yl acyioxy,
aIkoxycarﬁdﬁ?l‘”ﬁf‘gﬁl?bﬁﬁgﬁ‘l?db%ﬁﬁ‘/“if%ﬂ%‘@%‘%g‘ﬁfﬁfed 1001871 In some embodiments, 117 is
hydrogen 008 uBistitanéid ioStafsstieieient! o1 (et i Bliepisttifited to unsubstituted or substituted -
Cl-C4abkyibpsih soevencimbocliraients aievetinsulrs tigte gl stiiatecbatk ey bimatisding Hut not limited to
unsubstituied mpHastit ed.CdnORatcenyiuliacsame e mhosimentsnesiscunsdbatiytedamsubstituted 20
alkynyl ingluding pubLnget limited. to ubsubstued-onsubstiiuied GerGaaias ikl risame embodiments,
12.7is ungil §gguted or substituted cycloalkyl including but not limited to unsubstituted or substituted
C3-05cyc y embadiments, le is unsubstituted bstituted heterocyeloallcyl. In some
embodmLa)?Lll( F&J?Psss ‘g}r)mu es'ff?l%’e 8}"§ﬁ gqtelftl}:‘aeaelﬁgtgerg rﬁeén ﬁ]gc } compm’fnnso&lfr)%%{gd tol u};substltuted
or sub&it PSR LRI LO S eerr‘il SBainenTar smﬁcr’]usntaj%éa’f‘ %IL& GPGT Sulstitlited akoxy
including BUP%EQ‘?ﬁﬁﬂfé‘dfl‘bhlﬂﬁ%gﬁb%iﬁfé‘ﬂnHP %@tﬁu‘l‘é&e é?‘?ﬁ“’@‘éﬂgéﬁyb‘iﬁ béoﬁwé‘er‘ﬁ Bodiffients, le is
unsubstitgteenere silkis thaeer afiiglBvFERding but not limited to unsubstituted or substituted
C1-C4amido. In some embodiments, le is unsubstiti#ed or substituted amino. In some embodiments,
le is unsubstituted or substituted acyl, unsubstituted or substituted acyloxy, unsubstituted or
substituted C1-C4acyloxy, unsubstituted or substituted alkoxycarbonyl, unsubstituted or substituted
sulfonamido, or unsubstituted or substituted CI-C4sulfonamido. In some embodiments, le is halo,
which is -1, -F, -Cl, or -Br. In some embodiments, le is selected 30 from the group consisting of cyano,
hydroxy, and nitro. In some other embodiments, le is -CH3, -CH2CHS3, n-propyl, isopropyl, -OCHS3,
-OCH2CHS, or -CF3. [001881 In some embodiments, when fe is alkyl, alkenyl, alkynyl, cycloalkyl,

heteroalkyl, acyl, alkoxy, amido, amino, acyloxy, alkoxycarbonyl, or sulfonamide, le is optionally
crithetitiited with one or more of alikenv/l heteroanecvl  alikenvl allev'nvl evvelnallenrl hetaroceveloalleyyl arvl




25 [00194] When R9 is any of the above, in some embodiments, X is -CH2-, -CH2CH2-,
-CH2CH2CH2-, -CH(CH3)-, or - CH(CH2CH3)-. In some embodiments, when Xis -CI(CH3)-,
-CH(CH3)- is in an (S)- or (R)-stereochemical configuration. [00195] In some embodiments of the

compounggeé) FeRIbHRolm dEuRDSEAiIa-SOH TR, ARNRAHMRN BALSr piSpdRions 31 aomiE T pesREEONL -, -C(=0)-,

- 9)(C=0)- C= , C I CH3 C 2-,
NI\&JRH()((: H%(S 5‘;& l_(ix%R%zlr‘consg I)(_xllt\elé%:ﬁs dﬁou%? ﬁ%ﬁ%&mg% dmdla%ﬁg k%! degng( H ) H

- H3 (CH3)2)-.
some emBBHFHERSE |sa"l3(‘8 '“(t(lﬁ)gl)zme %@2 an w%e et Cpl Esoé()pm v%[' %T In some
embodimesARSus §f fee Peﬁ?mveﬁm“ﬂrt@m‘ﬁ‘“@ﬁ (’C’i%‘sj"i\ﬂ‘?mp(’gi" t‘,‘ili'(@m?mﬁ ‘h"cﬂ"fﬁ?) -CH(CH3)-NH-.
In somé émimdiments, X-Y is -N(CH3).CH2-, N(CH2CH3) CH2-, -N(CH(CH3)2)CH2-, or -NHCH2-.
[00197] Ineeomenben baginents hid is mm@mmmmtedxmwmgmoummumg@t srtsubstituted or
substituted R&nheterascioalikyhuns wastittiastaiatkrsiigtasiandianthimsb Miretas: aresishstituted
heteroary}, \y SR8 SNRAIREALYVRkis:pbsHhstiiesar el stifiedmanacyglisheteroaryl, or
unsubst'tuted Q¥ supsiiuied pic g&gmf,}s{%xm.l 00 mﬁafa@m@mﬂ Weldsa piayelig heteroaryl

having at least one heteropatom, e.g., a icy clic heterparyl hav st rogen ring atom. In
some%m%’@ﬁiﬁﬁ‘gﬁféﬂ\?\’)ams al B'f’é“ "(':17(ga 'ﬁ“(fteroararlyrfleavir% ) At 16as %ﬁvo hé?ero%%ﬁgs eg a bicyclic

heteroary}“ﬁ‘éﬁilﬂg‘“ﬁﬁﬁ‘&?f‘ﬁvﬁ‘ilﬁrﬂgé‘f?‘?ﬁf{j‘%ﬂé?ﬂ?'afﬁd B0 SRS RS "SRR BidgaMe heteroaryl
having tweo "iohiiseSriveldryisom ankedipryiiii erpRPECH ARRIERCTH Oy tPmeefier efmpisaitrremitiiowd is a
bicyclic hetexdarytrdvesiorghtic, titr Ogeistfigratoms dnetitielyieftho dpstribid tuiss.connected. In some
embodimppssg, \id imavibicyalicbeiar ands havingifaud eiannaiomeheng., a bicyclic heteroaryl having
four nitgogakrinNa.HRMS:HI0 SAME AMPRLIMEDIS.WEHEK 32rosRsitbstiiiaehahsuhstibitacdk

4-amino- 1'3 9:%7%9119&&%‘:% W{Lm!eq{ ?r&téﬂi IHEE‘,U %EM%O é&pmt%g homolog deleted on

7-amino- 2 me 1-2H azf lo[4, 3 ﬁ;m'dLnE KYI ur}\% st tutedd r su %
éﬁz{' ur' in- %)rs uﬁgﬁ %/tutea oresu stituted_6-amino-9H-r uer%l;lﬁl-enfy Fyf00198) In some

6-methyl -

embodlmgfﬁs W‘Baﬁ’?}ﬁ@ 5%%%?’0“‘8‘7\7%8 R RSTen R h°r°“ ceﬁ"%a!fg% phosphate urea,
carbonat&oaikyh LekessyanasadhT, W&@ﬁfﬁﬁ“ﬁé‘?@’i’@%’lk%%’r%f@ F ey, alkyl, halo,
amino2@rigel, yptrigone psedikerip haua their RiefgigHal amnwwwwt 2eflleiinglcahatd, aryl, heteroaryl,
heterocyqlosikytArycleticyh seagin o, beackaythocadid cHdh alkaxywsistranylkhor emmidend G881 In some
embodimepts, etz RinsIQRRA0 eV ene mtao dioe Bisis W, i5-4,5:[00 20 kintrsomeasmbodiments,
Wd is: [092021, I3-SAmERmRadiments: M iSead0R203] IR S0ma-sa0dinants s Wehsis a member

selected from &t'?a:geﬂyp 09“£A§@9n%59mmgsan %&ZQ&Q%&J@@J%M%@ GRIRARAIE,MpSubstituted
or substituted g%stltuted qllg{nyl

UnSUb%iltU%rbanOI' Sﬁﬁgilt‘é?eé% unsu Stl ute OI’ Su tltuté’a I?] eroa UnSUngtItUted or

substltute‘ﬁ%%@c%ﬂfﬁlf&mdmﬁdﬂﬁﬁ SRl é?%oméﬁﬂ?b?wa'w&r?‘ﬁarféné\?yfya &y,
cycloalkytotrestayogitkly rasy Hemrobycterah B9t sSsttitehael 55 R Sephemd i dredBshate. (002051
In some embogitricnts, Ryl de, mithaliks: Gfettlyidretipheuntistingl 8 mplirdg Bre snstsibbrsifeited or
substitutestaliymana (ualepwkEorinchddesethyldty! Go-popBr rintgomenembedimiaitsy Rbisunsubstituted
or subsituieghARRN0:-Bnsubstiuiedier snbstikedhanidpehyam xmontisabsiiird gosubstituted
%'S%Bgl": §9J§I&ﬁy§mggme&§r ﬁorl%ﬂ%ﬁ@%ﬁﬁt@}ilm%épe%mm?Q@Xn@ﬂ Ipatitutes ke, Mﬁ?{rbonatgett .

nso mpo S, W o IT IS substitute
by phospha?e E%Tfatergcry%oal gr?gl agﬁ%éé}%&%%%?ﬂ?ﬁgqﬁ%% Ji)l(}’ O%Ei Qggg(%qﬂe following

moieties:
-C(O)N(R')z, -N(R“)C(O)OR‘ N(R“)C(O)Ra - N(R®C(OYN(R),, N(RYCNRHN(R®),, -N(R*S(O)R* (where tis 1

35 or 2), -S(O)OR® (where tis 1 or 2), -S(O)N(R"), (where tis 1 or 2), or PO3(R"), where each R® is independently
hydrogen, alkyl, fluoroalkyl, carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocycloalkylalkyl,

heteroaryl or heteroarylalkyl.
{0094] “Alkylaryl” refers to an -(alkyl)aryl radical where aryl and alkyl are as disclosed herein and which are
optionally substituted by one or more of the substituents described as suitable substituents for aryl and alkyl

40 respectively.
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[002081 In some embodiments, Iti2 is a member of the group consisting of hydrogen, cyano, halo,
unsubstituted or 10 substituted alkyl, and unsubstituted or substituted alkynyl unsubstituted or
substituted alkenyl. In some embodiments, Ri2 is unsubstituted or substituted aryl. In some

embodimggys- &&}&Mﬁu&%@mm&gﬁim HRLERQRTY b Bre RRnsdiRCLIRS: BidtigiROt limited to
heteroary haIng ARMISITRSeS 00 NEISIRAN ARG ASLS MR DRAIEA. G lagRAN! With at jeast
t

one nltrogen rng atom, heteroary with two nltrogen ring atoms, monocylic heteroaryl, and bicyclic
heteroar;?fs‘l?ftg'e%e embodiments, R12 is unsubstituted or substituted heterocycloalicyl, which includes
but is noﬂ?ﬂ?ﬁled‘fb’ﬁ@f@?&%ﬂa‘lﬁwWﬁﬁ‘&'@)rﬂﬂﬁ‘ﬁé‘f?"ﬁﬁ(j“éfﬁ‘f‘ff FitarbER {/ﬂﬁ?sone oxygen ring
atom, R1gsepsdheriyensyeiishiie ghtiaithy ovhstistsdiy ?mgfmmfgem'éﬁt‘féiséﬁsﬁéféﬁé&%ﬁ?alkyl 6 membered
heterocy etbailies saturaded daibtbrdciicloatiatlydmnsaturated heterocycloallcyl, heterocycloallcyl having an
unsaturaiegmoietrieRanecEeRis abalesacysoplicwusingehniaranminaliat sdbstintedby oxo, and
heterocy glaal Gyl SHRSHHHE ALY RYQRX Q0 SR RINPAUMRINS BiA ibmaibaliteian omsrbstituted
Cycloa'kwg&%du Nd.Au409 &u@,ﬂ&s%e&yrcs&eggmu&&%l by gevls;mmxhg%lmrﬁy&mcycloalIcyl

substitute One 0X0, EI% oancyl havin mo le cg&pggte Jo tp cloallcyl ring.
In sonhe &Y dlme‘r’ﬁs S Ur suqnsfaf’u%eag%rs stg[ afrér im (}fpcar >&/ 5 unsubstituted or
substitut&¥RE ARy d?%ﬁl‘ﬁi?@d%?‘?lﬁ?gfﬁtﬁg&aéfm%‘B ffi}ﬁb’(ﬂ?@@‘f fhe s% r%'é AiBbdiments,
when R1¥isnenkyi zetagnigtein aqumgrion retieeh ro 2l 11 atisrue sibamest RiP o tap anes o o 2 ®IBstituted with
phosphaterbhn sonsteremsiietinrdints! arvhenaiRdsis o Rapkber kipmyl 3 editerapdmarst, heteqgdrsihding
heterocyatoalkd soncyciaalkyhbititesishs ik thmiihstirea 1d B gompemnhodinnaatsydientRd2 is alkyl,
alkynyls alkeRylonsmiRt ko REIRS el sbig eyt allivh oreuslaalic Yhadhdstsubsiitutadnvitbuearbonate.
[00210] Ig %%{:r.}g% gﬁm&ése@e@ﬁne%ﬁs@m@d wxﬁy@"sﬁmdnﬁwln heteraar hetarocycloalkyl,
cycloalky’, & 1X Xﬁmgn%eggea&/ aets'Séyca s %{f;%sortmy Qlaliod heteroallcyl,
cyc

alkenyl, aaﬁk oalkyl, heterocycio eteroary mino, a !kac yloxy,
alkoxycal“ﬁ?)?f)?’l‘m&ﬂ’fﬁ?f dVB‘°?1‘3?6p°8§7§Woarﬁ§l5¥5§eter6’?lﬁ’fﬁalkmétﬁk’()r’?'w‘i’f "ﬁ"gik tef?gtce?% ikyl, alkenyl

alkynyl, c3PAaaiRipll brereratyerramsioh Ao P%Qﬁ%wﬂ&qm%mmmaﬁ?ﬁ’f& 41, acyloxy,
alkoxyoatiostyisian g uiPBh SRIdCRRY it b CEABSHEIRAR [THLRDN B s NG SYRMEMERR 12 of Wd is
one of thexfatowwiRy MNEBUENEER, TCOZOERENRSe MERSISIDIRIwertss Wiis-Siizetepyiitmdine of
Formula by:-s@yhaay, @herbGi Mg, dHpofessinmR eishi: atkyhehdalny aymbae, amidnebyeipxy, or alkoxy, and
12121is F&@U&Y&yﬁm&xﬁﬂﬁ@ﬂwyz halm i Brisieand-BEtRIAGKAAAlYL-0 EXrRIQalkN Some
embod'm@wék R1A1¢§n9®;aoal M RA% Léfzﬂgté%YJaxee%M@yhoM&: Klﬁlpeambl DRIELAAM are o5

heterocy l, or c an In.some embodiments no. Jbgls alkyl, halo, aryl, 5
o ¢
heteroary‘fl erhggyl}'c%g&a\mi? X(r)erogtf/%"fo sf‘tdeq’ me emboc Pﬁg&rﬁs Tgslf |§1 amino and 1212 is

monocycﬁ‘?ﬁé‘ﬁé?of&'rﬁ}f‘e’i‘ﬁ’ %ﬂ@°§'ﬁ¥b’8ﬁﬁ’i‘i‘éﬂ¥5 R" is amino and R12 is bicyclic heteroaryl. In some
embodim@pe0l RAY R HigTIP AP ERY D W?’Eﬁ}%ﬁ’ﬁ‘yﬁﬁ‘ﬁﬁﬁ‘ BaATRSH Rtk Y ficgRyzifbonyl, or
amido. [00218 inmo rreepirisoidirmnentspithenddavine fierd tof Ftsnreatiter Pigna(co Mpouinybhich has a
structure vatesied dppans Haeig oupecansigti nghol RosniltefdsAo, cheBptZesAin &l radge\f-A, "Vig NI-A, VI-B,
VI-C, 65CestBnGmsY mkalk iR @eGitiay Bhpraay tantisePhani thané b-Rbarmula-t-Qim aratbaigmbodiment,
the COWR}%%EQ{M@A&%&M%W%Q@&mtmgﬁwe&s@ﬁk@&t@drim dhedrespasonsisting of
Formula il gy Wbl Wl Qoms Y, %9%%(;\%9&% @'mwtﬁéww@ AR fbgir, substituents
for the co oun ) o ormu alcan belL{)sed ﬁ—?ig?b n ang@ 11k ngi:[&ss L In pne aspect, for

comp ound“sgof’ TSR VAR br“{/?ﬁ PR ERS or 15 %eteroaryl Bis
alkyl or aheBfsdt pomii ﬁ@ﬁﬂ&ifﬂ“@dﬁ@?@ﬂ?'wd@%ﬁﬁ%@f 07 f“?\st‘ eef’(t)sc‘X/ Sdalkyl, or
cycloakyndmaengeptivpre: @yl hygroatiey alkray syl WF@WWWI m‘ﬁ%ﬂﬁﬁé‘f&’qgﬂs halo, hydroxy,
cyano, niteteranphosphiate; igltsczmovidoeensiol rifporgmeshogy, R, RBeRiFilzane PR SBire H; Xis absent or
(CH2)2; zis@®)-X isvainetO)RNHIAZBR OIONPREY ) HIRDYER R INK IS(E@roRfeM(CICCIBatkyl, Cr C7cycloalkyl,
or C2-Cmrtrrioatiasd;, anehYdekigiryyazaiemomidimeansnuringe soR1G 1= anethyrsaspery, for

com pounﬁiﬁgg FOrgsia kol wikhe Yth ﬁGsVrklp%né%aylﬁyh%gQﬂ&yﬁFé’mﬁw Qirbocf1i® alkyl or a moiety of
Form%ﬂl h'bela ryluhetRroank DetsIacKelRly R SlaalEY! v Reisidiy rliorCl, -CN, -CHS3,

isopropyl, C H3; hitro, or phosphate; le is halo, hydroxy, ¢yano, nitro, or phosphate; q is 0, | or
2; R5, R6, le, 10 and R8 are H; X is absent or (CH2)2; z is 1; Y is absent , -N(R9)-, or -N(R9) CH(R9)-;

R9 is hydrogen, methyl, or ethyl,
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hetcroaryl, heterocycloalkyl, cycloallcyl, cyano, amino, carboxylic acid, alkoxycarbonyl, or amide.
100217] In another aspect, for compounds of Formula I, 1V, V, VI, VII, or VIII, R3 is H, C1-13, CF3, Cl,
or F; B is alkyl or a moiety of Formula Il which is aryl, heteroaryl, heterocycloallcyl, or cycloalkyl; 12" is

H, -F, -Cliondhy ngepréaa&hky@Fﬁrs KQQr@mramepkg{y@é}%nwgd,JQ WRNARIVAERY o BYRLO,NItrO O

phosphat ?é ﬂwsesd el m and 1315 pq eﬂy sx?ns?’p.gcﬁ)y on or mbre oﬁh sélblt%t)en’ts Isérlbcx 1 agéent and Wd is:R";
Rn is amino; and Ru Is f kenyl, halo, aryl, eteroaryl &Reterocycloallcyl cycloalkyl,

cyano, e Ay e 24 Hclﬁ%g gecw c‘yl or amido. 1002181 In another aspect, for compounds of
Formula I’“‘PVZV‘CVPWHEWVWFY%“%CHO)&Q i’ebF1, Cl, or F; B is alkyl or a moiety of Formula II, which is
aryl, heftel9283]l “FretetioyictorikyC Y eddieskyl; Rl is H, -F, -Cl, -CN, 20 isopropyl, -CF3, -OCH3, nitro,
or phosphatesllecadaaigsrirgdraxiradssino, nitro, or phosphate; qis 0, 1 or 2; Rs, R6, R7, rrc Nu 2. and
R8 are Hio%1i8](Cliialky? iereks 1Y isioeRE) or RYdpRydragan, copaikdyhipia@th yhd asbybiclaiswidygsd 002191 In
another agpeeh [PLGRM RRMAGSICEEIRHRIR s Vv gélp v M b & 263y orfs ik, &6, C1. O Fi B is.

2yl or & MRbh kel st Q@%baléuégxlmbsg%gm ﬁs&%r%xgls;@ébx LSRRI s H. -F, -Cl
-CN, -cHY s0 ? Zf nltr rphos R2 is ha l{f cyano ntro or

phospH)at%gq S I Qa‘ﬂ%s ﬁ%"i%{hec EPARE R t°f3t°v’°séﬁ‘()& "ﬁ& e ydrogen,
methyl, oﬂoé?ﬁwaé‘ﬁ‘& V\Rﬂ“i’é "‘[5’6’2?61 Fiié ﬁﬁ&éﬁﬁ@ﬁ%ﬁéﬁ‘ﬁ?&&lﬂ% °a‘%°8mﬁ‘8u*ha %‘fﬁl%ﬁ‘ﬁﬁﬁ?&yl‘x or its
pharmaceudivebllystvepeples staciolkgemypite i 1T 2t iniipiedhn leTingme e cxeripRIB pendently
CRs, S, NyanbihRéyclaprelyhyrigpandeperidertlycCidiRyeny, d¢lomrhR4civketasiromherelddrar two adjacent
fing atomgBEayNiiegemRaUskifuE Aot pbiabis iShope: a2 antikadis N @ENRy4; [00222] WO is
CR8, T QriNRRa %QJQQ%%@L&MA&MM%&%&@mum,,he&ma&kmkenemwemmw or a moiety of
Formula I, GRH wan,ll & 4]11\9(!9&;&' rﬂe a@yvhyag;@r%nyal;ﬁeﬁQ&y&éﬁ@Iqxhuaro&aﬁ;&galkyl and

1002251 qis anl cloallcyl, aryl or
heteroary‘gmbl 1 abser@ér Is - é@ \%go g@b% |ns qnce (@5%%? pendently is an
integer of‘]iR?C ’YW@&B@%W)-’OW%Q : {N@))”’- SoraRNEE)E @r( 0)-(CHR9)z-,

-C(=0)-, -r&(@@}l@hmtwdw@eowwmmgﬁ’ %Pf’[@&?@]’”‘fﬁ%@ ﬁyaMgf@ﬁdea‘lWVdf?éf%roa|ky|
alkenylp adlkyhfhorylktb sdtopty Hetcarbesyeitriiikydryh mpdlkdritairec  briind rbrry ty 2@ hdalsy b batgiesid AT alkoxy,

amido, amiaeargiayl).acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxy, nitro, phosphate,
urea, or CpisnaisskRR2Re]yt2e:isalkydydnaterpaliyl rabka nyb-adigsay eynlaatcytidaeipseaycloallcyl, aryl,
arylalkyl, El?és‘sﬂa%éln QQW%I@JJSALI@%%ma@}IQQoammgsm&m@mrqumﬁonyl sulfonamido,
halo, Cyanq*t th'&[-?ca ?11) qsagyca}g%hlgﬂfgsp%\%rbonate 25 [00231] 124 is hydrogen, acyl,alkyl,

Ikeny], alky l:Caneteroalky|: [002321 R d R8
ﬁldggﬁngén}ﬁ/ jg/ ?oaugn%t M, 3 "Tikg/ 'lgl —?ﬁycg) C oain1 ?)Q%ﬂé%% if(cl xﬁdygril:g amln?)reacyl

acyloxy, SRO% &?lbﬁﬁrfll"sgﬁ ﬁ&?ﬁf&‘b@ﬁ%&“é&?&ﬁé’“ﬂ%}* Wtﬁ? BitPs °Tb?5"2§§’f S5 tance of RO is
independéueipidyeiregdrsuetivenp Rikyieregieid ersatleplonhetestitstioalkyl, or Cr Cloheteroallcyl.

[00108] “Cycloalkyl-heteroaryl” refers to a {cycloalkyl) heteroaryl radical where cycloalkyl and heterocycloalkyl are
as disclosed herein and which are optionally substituted by one or more of the substituents described as suitable

30 substituents for heterocycloalkyl and cycloalkyl respectively.
[00109] The term "alkoxy" refers to the group -O-alkyl, including from 1 to 8 carbon atoms of a straight, branched,
cyclic configuration and combinations thereof attached to the parent structure through an oxygen. Examples include
methoxy, ethoxy, propoxy, isopropoxy, cyclopropyloxy, cyciohexyloxy and the like. "Lower alkoxy" refers to alkoxy
groups containing one to six carbons. In some embodiments, C;-C, alkyl, is an alky! group which encompasses both

35 straight and branched chain alkyls of from 1 to 4 carbon atoms.
{00110] The term "substituted alkoxy" refers to alkoxy wherein the alkyl constituent is substituted (i.e.,
-O-(substituted alkyl)). Unless stated otherwise specifically in the specification, the alkyl moiety of an alkoxy group is
optionally substituted by one or more substituents which independently are: alkyl, heteroalkyl, alkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, hydroxy, halo, cyano, trifluoromethyl,

40 trifluoromethoxy, nitro, trimethylsilanyl, -OR®, SR?, -OC(0)-R®, -N(R®), -C(O)R", -C(O)OR", -OC(O)N(R?),,
-C(O)N(R?),, -N(R®C(O)OR?, -N(R*C(O)R?, - N(R*)C(OIN(R"),, N(R)C(NR)N(R"), -N(R")S(O}R" (where tis 1 or
2), -S(0),OR® (where tis 1 or 2), -S(O)N(R?), (where t is 1 or 2), or PO3(R"),, where each R® is independently
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1002341 Substituents described for Formula | are equally applicable to compounds of Formula IX,
except for W2, W,,2, W,4, and Wb5 which are defined as follows: [00235] In some embodiments, W2
is CR5, S, N, or Me. 1002361 In some embodiments, W2 is CR5, S, N, or NR4. 5 1002371 In some
em bOdimﬁRl@geV\élﬂﬁ @J@m'i«yNaa%dwm 480238 dn, someuembadinanisy WerdsyldaRdky0r NR8. [00239]
In some qup ompound of Formula IX has a structure which is a member of the group
conS|st|n C I |s e% W42 is CRS,
-64 -s W ngl\loxgﬁgrgg(g %ﬁ/? %ml{;lifge 1aa(qg°§g?gﬁ mﬁ(& |s N; (iv) W2 is
NIL.4, W; %b@w%efwﬂ*fsa‘&ﬁf%ﬁ&aﬁ% SN Wﬁmﬁmw E‘|§ﬁﬂkW°ﬁb§”&&‘2“f’ Sd Wb is
CRS; (i) Mowigrurbaying frag No ¢garbencime ey s RS 1\ oifF vy I SR ALRET 2 is N, W: is CR7,
and Wb5 é&cbib:c(\bﬁil)i@ ife4o M[@@Mﬂ'yl group wherein the alkoxy group is a lower alkoxy group. Insom€R7 and WO is
NR8; (iX) MibpokiiGehtiRz},O\dikinyGRb albkYleigupNyhath ehAbfipbsiss G 8tr{dght W@ bisnMddlofaiVuikBxisefolgbef W, 4 is N,
and Wb5 jsGHR8atxb) M. Is NR4, W12'is CR5, We4 is N, and WD5 is N; (xii) is NI24 W2 is CR5, W:

is N, and \f{h3 %NB&? &%@!}u\éé%déx?ea}één;ﬁ&ﬁéow i mbmmg%&&avmw § W12 is CRS,

W,4is N, an |sCH 3 x W2|SSW|S
CR5, \}\943.”a ngm IS ‘K%go\évu C%%? gﬂawzﬁ %és W"%“‘ erw’se sPéchbg R8 (xvul)W is N,
W,2 is CF?%“W“&’ gealky ‘\’Rlﬁ’o“’l%‘“@ﬁ‘ﬁ’@”’(’ﬁ%%’? ié‘ﬁ‘“’{ﬁ? Rt ytsd W’&"% %“’%HBS‘WTS‘% R (xx) W2 is
N, W12 isndspesdepyr arqliy!, &ﬁﬂ%"l?’fﬂ‘?ﬁ‘y’%ﬁﬂﬂﬂ% hetpaesy Sgebis 2R 912l Bstemapil\Wb5 is CRS: (xxi)
W; is CRBetegarPajicyNoyioxishlo. aysdo)sffieoian@iiR B fsceificiig 2y o ®OREmafyy BilpsyN;OR); $8°S, and Wb5 is N;
(xxiii) W2-SCORB, Wi2)is- 00 ad(@soB’, araon@is NO; (xxiv) W2 is S, W2 is N, W14 is CR7, and Wb5
is CRE;s(xxtO)Nikej3 -SRYABARE, Lo (8t SNGHTO0) Reh.Y Va8 @R X XWRYED IR Snded st b, W is
C127, an%W@@RNwﬁéRéYkDW?z S&M&u&*ﬁ&b\e}é\é&ﬂ%@i%?p@@?;%é&%a&lﬁi&s (i is CR5, W2 is N,
W.ais Nthé'i\}Faan V\{%oroa gpo(xngl car oc%c?ﬁkr))’lw 1'%%1"\(.:%&%?'\'&@?‘1@(@/ QCK? a&y‘iﬁ}ﬁ (xxx) W2 is

CR5, W2 Is XXXI) is N, W: is NR4, and Wb5 is NR;
(rail) W (&R Rt “ti’ﬁ%“"{/v 4 is S, and Wh5 is CHRS: (XXXill) Wal is CR5, W: is CR5, W,,4 is S,
and Wbs |§”E¥1”8‘y‘(’>€i§?ﬁﬁ°\*ﬂg’?§pﬁﬁgl)wo s RS %%M%WNQQHCF@&G‘)"WS is CR5, W2 is
CR5, W: {gegro2sati iS5, iR Frgh eom4otreh Soprike eaisi GenprETHEoug the sarbemh Snsbeselist-the group
consistingoot byedbgen, ilinsQiSh tatoeicn stitistitedhacy! nwrbelysthitedrog serpstithteldyh iyl which
includes httrisrnof ieideddocunsiibstittitac 1oy subsitiy ieck-&hbnil 4absy bf deys ibstited @z stibstituted
alkenyl whigh.insludes.uisinel imiactiéart salkanybidinsubstituieth.pbstastithieshalicynyl which

includes %‘&é%&lﬂlhl#ﬂlﬂ&%% &%n%@mywlmy&wﬁkmq QJfﬁglﬁsimHJ?ﬂcﬁ%%géu@dRW@W includes but is
not Jimi 0 c ubstituted ar substi ete clo nd.unsubstituted or
30 tzlg it dt C3- 05 xﬁ mci“%% bstituted b ttH.l;gd h tJenﬁ}’ar'e 31@"5&" g bstituted

substitited’ hetéroal f<yc1p e< but ofsmﬁrssulrsﬁﬁén to Lnsu stltuted or substltuted
C,.-C4hetBfBEnar Bo632H kﬁli R A o NSy WRER R A TSR Rk, a(’l’fZén)ﬂ Atcynyl, cycloalkyl
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alkoxycarbonyl, or amido. 20 [00246] In another aspéct, for compounds of Formula 1X, X, Xi, XII, Xl
or X1V, B is a moiety of Formula 1l wherein W. is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl; Rl is
H, -F, -ClI, -CN, -CH3, isopropyl, -CF3, -OCH3,or nitro; R2 is halo, hydroxy, cyano, or nitro; qis 0, 1 or
2;124, R5, and R.; are H or methyl; R8 is H; X is (CH2)z; zis 1; Y ; It" is amino; and RI2 is 1-1, alkyl,
allcynyl, alkenyl, halo, aryl, heteroaryl,



heterocycloalkyl, or cycloallcyl. [002471 In another aspect, for compounds of Formula IX, X, XL, XII,
Xl or XIV, B is alkyl or a moiety of Formula 1l wherein Wo is aryl, heteroaryl, heterocycloalkyl, or
cycloallcyl, R' is H, -F, -Cl, -CN, -CH3, isopropyl, -CF3, -OCH3, 5 nitro, or phosphate; R2 is halo,
hydroxy, GMQQQ .snum SPBIIRSPARIE6h R QinkePindenthyiRope Ry RidoRER T QEEARHIYI; Rsis  H; Xiis
(CHO.; z 'Sho?emc DS éf;iiéa@@ WQO@CF%: AR ﬂ&aﬂqph&%a%ﬂhaéx aligrnyl, alkenyl, halo, aryl,

heteroary loalky|, cyang, amino, carboxylic.a arbo or amido.
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isopropy| he@mglaligiop|gs taehither e prrifsphndherpci§aiin YyeroXR %Waﬁm?%ﬂﬂlﬁh%‘phate, qis 0,
1 or 2;124ydRgsraing R Beapattited withatibmitroRs don) To Todn: aX-is-(CHR):manisrdd tiis F@ei@jolezWRD; Y

iS-N(12.2)s mEd@dmdyel tagenemastbyth, opeibhdlindnd MWeiscitQ 2481 laanatheraspartifor sompounds of
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h hat R2 t h d 122
ethy RS ﬁ'sﬂim‘%ﬂ%;ﬂ“’;m o o el °Sp S .s% RO et el i
\—-"N R30H %%@g@fmsf%a%@mﬁgm éﬁa TR a> emﬁm M rovided,

wherein REROKRIR budeirerdn Al é@pltt(wwwsm@mw%wmwaemg bR BeBPRSRYOMEN, C-CN, or
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or C-CF3neiytyobdRslalen) eateairamedioadvienn aid kaany ofsBrantdesgr b eglioial ¥ albbentedand any of R.12 as
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B Sub- clag&stgdtios 2 8.3 .CH(CH3)2 B-4
20 [00117] "Amide" or “amido” refers to a chemical moiety with formula ~C(O)N(R); or -NHC(O)R, where R is

selected from the group consisting of hydrogen, alkyl, cycloalkyl, aryl, heteroaryl (bonded through a ring carbon) and
heteroalicyclic (bonded through a ring carbon), each of which moiety may itself be optionally substituted. In some
embodiments it is a C;-C4 amido or amide radical, which includes the amide carbonyl in the total number of carbons in
the radical. The R, of - N(R), of the amide may optionally be taken together with the nitrogen to which it is attached .

25 to form a 4-, 5-, 6-, or 7-membered ring. Unless stated otherwise specifically in the specification, an amido group is
optionally substituted independently by-one or more of the substituents as described herein for alkyl, cycloalkyl, aryl,
heteroaryl, or heterocycloalkyl. An amide may be an amino acid or a peptide molecule attached to a compound of
Formula (I), thereby forming a prodrug. Any amine, hydroxy, or carboxyl side chain on the compounds described
herein can be amidified. The procedures and specific groups to make such amides are known to those of skill in the art

30 and can readily be found in reference sources such as Greene and Wuts, Protective Groups in Organic Synthesis,
3.sup.rd Ed., John Wiley & Sons, New York, N.Y., 1999, which is incorporated herein by reference in its entirety.
[00118] "Aromatic” or "aryl" refers to an aromatic radical with six to ten ring atoms (e.g., C¢-C; aromatic or Cs-Cyo
aryl) which has at least one ring having a conjugated pi electron system which is carbocyclic (e.g., phenyl, fluorenyl,
and naphtixyl). Bivalent radicals formed from substituted benzene derivatives and having the free valences at ring

35 atoms are named as substituted phenylene radicals. Bivalent radicals derived from univalent polycyclic hydrocarbon
radicals whose names end in "-yl" by removal of one hydrogen atom from the carbon atom with the free valence are
named by adding "-idene” to the name of the corresponding univalent radical, e.g., a naphthy! group with two points of
attachment is termed naphthylidene. Whenever it appears herein, a numerical range such as "6 to 10" refers to each
integer in the given range; e.g., "6 to 10 ring atoms” means that the aryl group may consist of 6 ring atoms, 7 ring

40 ' atoms, etc., up to and including 10 ring atoms. The term includes monocyclic or fused-ring polycyclic (i.e., rings
which share adjacent pairs of ring atoms) groups. Unless stated otherwise specifically in the specification, an ary!
moiety is optionally substituted by one or more substituents which are independently: alkyl, heteroalkyl, alkenyl,
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alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, hydroxy, halo, cyano,
trifluoromethyl, trifluoromethoxy, nitro, trimethylsilanyl, -OR®, -SR®, -OC(0)-R®, -N(R"),, -C(O)R’, -C(O)OR?,
-OC(O)N(R),, -C(ON(R"),, -NR®)C(O)OR", -N(R?)C(O)R", - N(R")C(OIN(R")2, N(R)IC(INR)N(R")z,
-N(R®)S(O)R" (where tis 1 or 2), -S(O)OR" (where tis 1 or 2), -S(O)N(R®), (where t is 1 or 2), or POQ(R’);, where
each R® is independently hydrogen, alkyl, fluoroalkyl, carbocyclyl, carbocyclylalkyl, aryi, aralkyl, heterocycloalkyl,
heterocycloalkylalkyl, heteroaryl or heteroarylalkyl.

[00119} “Aralkyl” or “arylalkyl” refers to an (aryl)alkyl— radical where aryl and alkyl are as disclosed herein and
which are optionally substituted by one or more of the substituents described as suitable substituents for aryl and alkyl
respectively.

[00120] "Ester" refers to a chemical radical of formula —COOR, where R is selected from the group consisting of
alkyl, cycloalkyl, aryl, heteroaryl (bonded through 2 ring carbon) and héiefpalicyclic (bonded through a ring carbon).
Any amine, hydroxy, or carboxy! side chain on the compounds described herein can be esterified. The procedures and
specific groups to make such esters are known to those of skill in the art %mdpan readily be found in reference sources
such as Greene and Wats, Protective Groups in Organic Synthesis, 3.sup.rc§ Ed., John Wiley & Sons, New York, N.Y.,
1999, which is incorporated herein by reference in its entirety. Unless stated otherwise specifically in the specification,
an ester group is optionally substituted by one or more substituents which independently are: alkyl, heteroalkyl,
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, hydroxy, halo, cyano,
trifluoromethyl, trifluoromethoxy, nitro, trimethylsilanyl, -OR®, -SR®, -OC(O)-R", -N(R"),, -C(O)R", -C(O)OR",
-OC(O)N(R®), -C(O)N(R*), -NR*)C(O)OR’, -N(R*)C(O)R®, - N(R)C(O)N(R");, N(R)C(NRIN(R"),,
-N(R®S(O)R® (where t is 1 or 2), -S(O)OR® (where t is 1 or 2), -S(O}N(R®), (where tis 1 or 2), or PO3(R"),, where
each R® is independently hydrogen, alkyl, fluoroalkyl, carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl,
heterocycloalkylalkyl, heteroaryl or heteroarylalkyl.

{00121} "Fluoroalkyl” refers to an alkyl radical, as defined above, that is substituted by one or more fluoro radicﬂs, as
defined above, for example, trifluoromethyl, difluoromethyl, 2,2,2-trifluoroethyl, 1-ﬂuoromethyl—iéﬂuoroethyl, and
the like. The alkyl part of the fluoroalkyl radical may be optionally substituted as defined above for an alkyl group.
{00122] "Halo", “halide”, or, alternatively, "halogen" means fluoro, chloro, bromo or iodo. The terms "haloalkyl,"
"haloalkenyl," "haloalkynyl” and "haloalkoxy" include alkyl, alkenyl, alkynyl and alkoxy structures that are
substituted with one or more halo groups or with combinations thereof. For example, the terms "fluoroalkyl" and
"fluoroalkoxy" include haloalkyl and haloalkoxy groups, respectively, in which the halo is fluorine.

{00123} "Heteroalkyl" "heteroalkeny]" and "heteroalkynyl" include optionally substituted alkyl, alkenyl and alkynyl
radicals and which have one or more skeletal chain atoms selected frk)m an atom other than carbon, e.g., oxygen,
nitrogen, sulfur, phosphorus or combinations thereof. A numerical range may be given, e.g. C;-C, heteroalkyl which
refers to the chain length in total, which in this example is 4 atoms long. For example, a —-CH;OCH,CHj radical is
referred to as a “C,” heteroalkyl, which includes the heteroatom center in the atom chain length description.
Connection to the rest of the molecule may be through either a heteroatom or a carbon in the heteroalkyl chain. A
heteroalky] group may be substituted with one or more substituents which independently are: alkyl, heteroalkyl,
alkenyl, alkynyl, cycloalkyl, heterocycioalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, hydroxy, halo, cyano, nitro,
oxo, thioxo, trimethylsilanyl, -OR®, -SR?, -OC(0)-R®, -N(R"),, -C(O)R®, -C(O)OR?, -C(O)N(R"),, -N(R*)C(O)OR",
N(RYC(O)R?, -N(R*)S(O)R® (where t is 1 or 2), -S(O}OR® (where tis 1 or 2), -S(O)}N(R"), (where tis 1 or 2), or
PO;(R"),, where each R* is independently hydrogen, alkyl, fluoroalkyl, carbocyclyl, carbocyclylalkyl, aryl, aralkyl,
heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or heteroarylalkyl.
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[00124] “Heteroalkylaryl” refers “to an -(heteroalkyl)ary! radical where heteroalkyl and aryl are as disclosed herein
and which are optionally substituted by one or more of the substituents described as suitable substituents for
heterc;al kyl and aryl respectively. ‘
[00125] “Heteroalkylheteroaryl” refers “to an -(heteroalkyl)heteroaryl radical where heteroalkyl and heteroaryl are as
disclosed herein and which are optionally substituted by one or more of the substituents described as suitable
substituents for heteroalky! and heteroaryl respectively
[00126] “Heteroalkylheterocycloalkyl” refers “to an -(heteroalkyl)heterocycloalkyl radical where heteroalkyl and
heteroaryl are as disclosed herein and which are optionally substituted by one or more of the substituents described as
suitable substituents for heteroalky! and heterocycloalkyl respectively
{00127} “Heteroalkylcycloalkyl” refers “to an -(heteroalkyl) cycloalkyl radical where heteroalkyl and cycloalkyl are
as disclosed herein and which are optionally substituted by one or more of the substituents described as suitable
substituents for heteroalkyl and cycloalkyl respectively.
[00128] "Heteroaryl" or, alternatively, "heteroaromatic” refers to a 5- to 18-membered aromatic radical (e.g.,Cs-Cy3
heteroaryl) that includes one or more ring heteroatoms selected from ﬁitr:ogen, oxygen and sulfur, and which may be a
monocyclic, bieyelic, tricyclic or ieu'acyciic ring system. Whenever it appears herein, a r;umerical range such ias "5 to
18" refers to each integer in the given range; e.g., "5 to 18 ring atoms" means that the heteroaryl grou;; may consist of
5 ring atoms, 6 ring atoms, etc., up to and including 18 ring atoms. Bivalent radicals derived from i;mivalent }i’eferoaryl
radicals whose names end in "-y!" by removal of one hydrogen atom from the atom with the free va:ilence are ﬂna'med by
adding "-idene” to the name of the corresponding univalent radical, e.g., a pyridyl group with two points of aﬁachment
is a pyridylidene. An N-containing "heteroaromatic” or "heteroaryl” moiety refers to an aromatic groﬁp in which at
least one of the skeletal atoms of the ring is a nitrogen atom. The polycyciic heteroaryl group may be fused or non-
fused. The heteroatom(s) in the heteroaryl radical is optionally oxidized. One or more nitrogen atoms, if present, are
optionally quaternized. The heteroaryl is attached to the rest of the molecule through any atom of the ring(s).
Examples of heteroaryls include, but are not limited to, azepinyl, acridinyl, benzimidazoly}, benzindolyl,
1,3-benzodioxolyl, benzofuranyl, benzooxazolyl, benzo{d]thiazolyl, benzothiadiazolyl, benzo[b][1,4]dioxepinyl,
benzo[b][1,4]oxazinyl, 1,4-benzodioxanyl, benzonaphthofuranyl, benzoxazolyl, benzodioxolyl, benzodioxinyl,
benzoxazolyl, benzopyranyl, benzopyranonyl, benzofuranyl, benzofuranonyl, benzofurazanyl, benzothiazolyl,
benzothienyl (benzothiopheny!), benzothieno[3,2-d]pyrimidinyl, benzotriazolyl, benzo[4,6]imidazo[1,2-a]pyridinyl,
carbazolyl, cinnolinyl, cyclopenta{d]pyrimidinyl, 6,7—dihydro-5H—cyciopenta[4,5]thieno[2,3-d]pyrimidinyl,
5,6-dihydrobenzofh]quinazolinyl, 5,6-dihydrobenzo[h]cinnolinyl, 6,7-dihydro-5SH-benzo[6,7]cyclohepta[1,2-
c]pyridazinyl, dibenzofuranyl, dibenzothiophenyl, furanyl, furazanyl, furanonyl, furo[3,2-c]pyridinyl,
5,6,7,8,9,10-hexahydrocycloocta[d}pyrimidinyl, 5,6,7,8,9,10-hexahydrocycloocta[d]pyridazinyl,
5,6,7,8,9,10-hexahydrocycloocta[d]pyridinyl,isothiazolyl, imidazolyl, indazolyl, indolyl, indazolyl, isoindolyl,
indolinyl, isoindolinyl, isoquinolyl, indolizinyl, isoxazolyl, 5,8-methano-5,6,7,8-tetrahydroquinazolinyl,
naphthyridinyl, 1,6-naphthyridinonyl, oxadiazolyl, 2-oxoazepinyl, oxazolyl, oxiranyl,
5,6,6a,7,8,9,10,10a-octahydrobenzo[h]quinazolinyl, 1-phenyl-1#-pyrrolyl, phenazinyl, phenothiazinyl, phenoxazinyl,
phthalazinyl, pteridinyl, purinyl, pyranyl, pyrrolyl, pyrazolyl, pyrazolo[3,4-d]pyrimidinyl, pyridinyl,
pyrido[3,2-d]pyrimidinyl, pyrido[3,4-d]pyrimidinyl, pyrazinyl, pyrimidinyl, pyridazinyl, pyrrolyl, quinazolinyl,
quinoxalinyl, quinolinyl, isoquinolinyl, tetrahydroquinolinyl, 5,6,7,8-tetrahydroquinazolinyl,
5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidinyl, 6,7,8,9-tetrahydro-5H-cyclohepta{4,5)thieno[2,3-d]pyrimidinyl,
5,6,7,8-tetrahydropyrido[4,5-c]pyridazinyl, thiazolyl, thiadiazolyl, thiapyranyl, triazolyl, tetrazolyl, triazinyl,
thieno[2,3-d]pyrimidinyl, tbieno[3,2-d]pyrimidinyl, thieno[2,3-c]pridinyl, and thiophenyl (i.e. thienyl). Unless stated
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otherwise specifically in the specification, a heteraryl moiety is optionally substituted by one or more substituents
which are independently: alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, hydroxy, halo, cyano, nitro, oxo, thioxo, trimethylsilanyl, ~OR®, -SR®, -OC(O)}-R®, -N(R"),, -C(O)R",
-C(O)OR", -C(O)N(R®),, -N(R)C(O)OR®, -N(R*)C(O)R®, -N(R™)S(O)R* (where t is 1 or 2), -S(O){OR* (where tis 1 or
2), ;s(o)‘N(R‘)z (where t is 1 or 2), or POs(R"),, where each R" is independently hydrogen, alkyl, fluoroalkyl,
carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocycloalkylalkyl, ixeteroaryl or heteroarylalkyl.
[00129] Substituted heteroary! also includes ring systems substituted with one or more oxide (-O-) substituents, such
as pyridinyl N-oxides. o

[00130] “Heteroarylalky!” refers to a moiety having an aryl moiety, as described herein, connected to an alkylene
moiety, as described herein, wherein the connection to the remainder of the molecule is through the alkylene group.
[00131)] "Heterocycloalkyl" refers to a stabie 3- to 18-membered non-aromatic ring radical that comprises two to
twelve carbon atoms and from one to six heteroatoms selected from nitrogen, oxygen and suifur. Whenever it appears
herein, 2 numerical range such as "3 to 18" refers to each integer in the given range; e.g., "3 to 18 ring atoms” means
that the heterocycloalky! group may consist of 3 ring atoms, 4 ring atoms, etc., up to and including 18 ring atoms. In
some embodiments, it is a Cs-Cyo heterocycloalkyl. In some embodiments, it is a C4-Cyo heterocycloalkyl. In some
embodiments, it is a C3-Cq heterocycloalkyl. Unless stated otherwise specifically in the specification, the
heterocycloalky! radical is 2 monocyclic, bicyclic, tricyclic or tetrécyclic ring system, which may include fused or
bridged ring systems. The heteroatoms in the heterocycloalkyl radical may be optionally oxidized. One or more
nitrogen atoms, if present, are optionally quaternized. The heterocycloalkyl radical is partially or fully satﬁrated. The
heterocycloalkyl may be attached to the rest of the molecule through ariy atom of the ring(s). Examples of such
heterocycloalkyl radicals include, but are not limited to, dioxolanyl, thienyl{1,3]dithianyl, decahydroisoquinolyl,
imidazolinyl, imidazolidinyl, isothiazolidinyl, isoxazolidinyl, morpholinyl, octahydraindolyl, octahydroisoindolyl,
2-oxopiperazinyl, 2-oxopiperidiny!, 2-oxopyrrolidinyl, oxazolidinyl, piperidinyl, piperazinyl, 4-piperidonyl, .
pyrrolidinyl, pyrazolidinyl, quinuclidinyl, thiazolidinyl, tetrahydrofuryl, trithianyl, tetrahydropyranyl, thiomorpholinyl,
thiamorpholinyl, 1-oxo-thiomorpholinyl, and 1,1-dioxo-thiomerpholinyl. Unless stated otherwise specifically in the
specification, a heterocycloalkyl moiety is optionally substituted by one or more substituents which independently are:
alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, hydroxy,
halo, cyano, nitro, oxo, thioxo, trimethylsilany!, -OR®, -SR*, -OC(0)-R", -N(R");, -C(O)R®, -C(O)OR®, -C(O)NR™,,
N(R®)C(O)OR?, -N(R®)C(O)R®, -N(R")S(O)R" (where t is 1 or 2), -S(O),OR® (where t is 1 or 2), -S(O)N(R"), (where t
is 1 or 2), or PO3(R®),, where each R® is independently hydrogen, alkyl, fluoroalkyl, ca.rbocycl;/l, carbocyclylalkyl,
aryl, aralkyl, heterocyclbalkyl, heteroaryl or heteroarylalkyl.

[00132] "Heterocycloalkyl” also includes bicyclic ring systems wherein one non-aromatic ring, usually with 3 to 7
ring atoms, contains at least 2 carbon atoms in addition to 1-3 heteroatoms independently selected fror;l oxygen, sulfur,
and nitrogen, as well as combinations comprising at least one of the foregoing heteroatoms; and the other ring, usually
with 3 to 7 ring atoms, optionally contains 1-3 heteroatoms independently selected from oxygen, sulfur, and nitrogen
and is not aromatic.

{00133] "Isomers" are different compounds that have the same molecular formula. "Stereoisomers" are isomers that
differ only in the way the atoms are arranged in space. "Enantiomers” are a pair of stereoisomers that are
non-superimposable mirror images of each other. A 1:1 mixture of a pair of enantiomers is a “racemic" mixture. The
term "(.£.)" is used to designate a racemic mixture where appropriate. "Diastereoisomers” are stereoisomers that have
at least two asymmetric atoms, but which are not mirror-images of each other. The absolute stereochemistry is
specified according to the Cahn-Ingold-Prelog R-S system. When a compound is a pure enantiomer the
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stereochemistry at each chiral carbon can be specified by either R or S. Resolved compounds whose absolute
configuration is unknown can be designated (+) or (-) depending on the direction (dextro- or levorotatory) which they
rotate plane polarized light at the wavelength of the sodium D line. Certain of the compounds described herein contain
one Or more asymmetric centers and can thus give rise to enantiomers, diastereomers, and other stereoisomeric forms
that can be defined, in terms of absolute stereochemistry, as (R)- or (S)-. The present chemical entities,
pharmaceutical compositions and methods are meant to include all such possible isomers, including racemic mixtures,
opticélly ‘pure forms and intermediate mixtures. Optically active (R)- and (S)- isomers can be prepared using chiral
synthons or chiral reagents, or resolved using conventional techniques. When the compounds described herein contain
olefinic double bonds or other centers of geometric asymmetry, and unless specified otherwise, it is intended that the
compounds include both E and Z geometric isomers.

[00134] "Moiety" refers to a specific segment or functional group of a molecule. Chemical moieties are often
recognized chemical entities embedded in or éppcnded to a molecule. A

[00135} “Nitro” refers to the ~NO, radical.

[00136] "Oxa" refers to the -O- radical.

[00137] "Oxo" refers to the =O radical.

[00138] "Tautomers" are structurally distinct isomers that interconvert by tautomerization. "Tautomerization” is a
form of isomerization and includes prototropic or proton-shift tautomerization, which is considered a subset of
acid-base chemistry. "Prototropic tautomerization” or "proton-shift tautomerization" involves the migration of a

proton accompanied by changes in bond order, often the interchange of a single bond with an adjacent double bond.

‘Where tautomerization is possible (e.g. in solution), a chemical equilibrium of tautomers can be reached. An example

of tautomerization is keto-enol tautomerization. A specific example of keto-enol tautomerization is the
interconversion of pentane-2,4-dione and 4-hydroxypent-3-en-2-one tautomers. Another exampie of tautomerization
is phenol-keto tautomerization. A specific example of phenol-keto tautomerization is the interconversion of
pyridin-4-ol and pyﬁdin-4(lH)—one tautomers.

[00139} The compounds of the present invention may also contain unnatural proportions of atomic isotopes at one or
more of atoms that constitute such compounds. For example, the compounds may be radiolabeled with radioactive

isotopes, such as for example tritium (*H), iodine-125 (**’I) or carbon-14 (**C). All isotopic variations of the

* compounds of the present invention, whether radioactive or not, are encompassed within the scope of the present

invention.

[00140] A “leaving group or atom” is any group or atom that will, under the reaction conditions, cleave from the
starting material, thus promoting reaction at a specified site. Suitable examples of such groups unless otherwise
specified are halogen atoms, mesyloxy, p-nitrobenzensulphonyloxy and tosyloxy groups.

[00141} “Protecting group” has the meaning conventionally associated with it in organic synthesis, i.e. a group that
selectively blocks one or more reactive sites in a multifunctional compound such that a chemical reaction can be
carried out selectively on another unprotected reactive site and such that the group can readily be removed after the
selective reaction is complete. A variety of protecting groups are disclosed, for example, in T.H. Greene and P. G. M.
Wauts, Protective Groups in Organic Synthesis, Third Edition, John Wiley & Sons, New York (1999). For example, a
hydroxy protected form is where at least one of the hydroxy groups i:resent in a compound is protected with a hydroxy
protecting group. Likewise, amines and other reactive groups may similarly be protected.

[00142] "Solvate” refers to a compound (e.g., a2 compound selected from Formula I or a pharmaceutically acceptable

salt thereof) in physical association with one or more molecules of a pharmaceutically acceptable solvent. It will be
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understood that "a compound of Formula I" encompass the compound of Formula I and solvates of the compound, as
well as mixtures thereof.

[00143] "Substituted” means that the ;'eferenced group may be substituted with one or more additional group(s)
individually and independently selected from acyl, alkyl, alkylaryl, cycloalkyl, aralkyl, aryl, carbohydrate, carbonate,
heteroaryl, heterocycloalkyl, hydroxy, alkoxy, aryloxy, mercapto, élkylthio, arylthio, cyano, halo, carbonyl, ester,
thiocarbonyl, isocyanato, thiocyanato, isothiocyanato, nitro, oxo, perhaloalkyl, perfluoroalkyl, phosphate, silyl,
sulfinyl, sulfonyl, sulfonamidyl, sulfoxyl, sulfonate, urea, and amino, including mono- and di-substituted amino
groups, and the protected derivatives thereof. Di-substituted amino groups encompass those which form a ring togeiher
with the nitrogen of the amino group, such as for instance, morpholino. The substituents themselves may be
substituted, for example, a cycloalkyl substituent may have a halide substituted at one or more ring carbons, and the
like. The protecting groups that may form the protective derivatives of the above substituents are known to those of
skill in the art and may be found in references such as Greene and Wuts, above.

[00144] "Sulfanyl" refers to the groups: -S-(optionally substituted alkyl), -S-(optionally substituted aryl),
-S-(optionally substituted hé;teroaryl), and -S-(optionally substituted heterocycloalkyl).

[00145] "Sulfinyl” refers to the groups: -S(O)-H, -S(O)-(optionally substituted alkyl), -S(O)-(optionally substituted
amino), -S(O)-(optionally substituted aryl), -S(O)-(optionally substituted heteroaryl), and -S(O)-(optionally substituted
heterocycloalkyl).

[00146] "Sulfonyl” refers to the groups: -8(0,)-H, -S{0.)-(optionally substituted alkyl), -S(O,)-(optionally substituted
amino), -S(0,)-(optionally substituted aryl), -S(O.)-(optionally substituted heteroaryl), and -S(O,)-(optionally '
substituted heterocycloalkyl).

[00147] “Sulfonamidy!" or “sulfonamido” refers to a ~S(=0),-NRR radical, where each R is selected independently
from the group consisting of hydrogen, alkyl, cycloalkyl, aryl, heteroaryl (bonded through a ring carbon) and
heteroalicyclic (bonded through a ring carbon). The R groups in —=NRR of the —S(=0),-NRR radical may be taken
together with the nitrogen to which it is attached to form a 4-, 5-, 6-, or 7-membered ring. In some embodiments, it is
a C;-C), sulfonamido, wherein each R in sulfonamido contains 1 carbon, 2 carbons, 3 carbons, or 4 carbons total. A
sulfonamido group is optionally substituted by one or more of the substituents described for alkyl, cycloalkyl, aryl,
heteroaryl respectively

[00148] “Sulfoxyl” refers to a —S(=0),0OH radical.

[00149] “Sulfonate” refers to a ~S(=0),-OR radical, where R is selected from the group consisting of alkyl,
cycloalkyl, aryl, heteroaryl (bonded through a ring carbon) and heteroalicyclic (bonded through a ring carbon). A
sulfonate group is optionally substituted on R by one or more of the substituents described for alkyl, cycloalkyl, aryl,
heteroaryl respectively.

[00150] Where substituent groups are specified by their conventional chemical formulae, written from left to right,
they equally encompass the chemically identical substituents that would result from writing the structure from right to
left, e.g., -CH,0- is equivalent to -OCH;-.

[00151] Compounds of the present invention also include crystalline and amorphous forms of those compounds,
including, for example, polymorphs, pseudopolymorphs, solvates, hydrates, unsolvated polymorphs (including
anhydrates), conformational polymorphs, and amorphous forms of the compounds, as well as mixtures thereof.
"Crystalline form," "polymorph,” and "novel form" may be used interchangeably herein, and are meant to include all
crystalline and amorphous forms of the compound, including, for example, polymorphs, pseudopolymorphs, solvates,
hydrates, unsolvated polymorphs (including anhydrates), conformational polymorphs, and amorphous forms, as well
as mixtures thereof, unless a particular crystalline or amorphous form is referred to.
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[00152] Chemical entities include, but are not limited to, compounds of Formula [, IV, V. VI, VII, VII1, IX, X, X,
X11, X111, and XIV and all pharmaceutically acceptable forms thereof. Pharmaceutically acceptable forms of the
compounds recited herein include pharmaceutically .acccptable salts, chelates, non-covalent complexes, prodrugs, and
mixtures thereof. In certain embodiments, the compounds described herein are in the form of pharmaceutically
acceptable salts. Hence, the terms "chemical entity” and "chemical entities" also encompass pharmaceutically
acceptable salts, chelates, non-covalent complexes, prodrugs, and mixtures. -

[00153] In addition, if the compound of Formula 1, IV, V. VI, V11, VIII, IX, X, X1, XII, XIII, or XIV is obtained 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 acceptable addition salt, may be produced by dissolving the
free base in a suitable organic solvent and treating the solution with an acid, in accordance with conventional
procedures for preparing acid addition salts from base compounds. Those skilled in the art will recognize various
synthetic methodologies that may be used to prepare non-toxic pharmaceutically acceptable addition salts.

[00154] In one aspect, the present invention provides a compound of Formula I or a pharmaceutically acceptable salt

thereof:,
o]
\Na1 B
e
W,2 N~
!
Wa3 >
~
4 Wbs )l(
Y-
~
Wy
Formula 1

[00155] wherein W, is CR® or N; W,2is CR® or N; W2 is CR® or N; W, is N or CR”; W,’ is CR%, CHR®, or N,
[00156] wherein no more than two adjacent ring atoms selected from W,', W,2, W.2, W,*, and W, are heteroatoms;
{00157} W, is heterocycloatkyl, aryl or heteroaryl;

[00158} B is alkyl, amino, heteroalkyl, cycloalkyl, heterocycloalkyl, or a moiety of Formula II;

R1
@ (R?)q

Formula II

2

[00159] wherein W, is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl, and qis an integer of 0, 1, 2, 3, or 4;
[00160] X is absent oris —(CH(Rg))z and each instance of z independently is an integer of 1, 2, 3, or 4;

[00161] Y is absent, -O-, -S-, -8(=0)-, -8(=0)s-, -N(R®)-, -C(=0)-(CHR®),-, -C(=0)-, -N(R’)-C(=0)-, or -N(R>)-
C(=0)NH-,-N(R*)C(R®),-, or -C(=O)-(CHR®)~;

{00162] R! is hydrogen, alkyl, heteroalkyl, aikenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxy, nitro,

phosphate, urea, or carbonate;
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[00163] R?is alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl,

heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sutfonamido, Balo, cyano, hydroxy, nitro,

phosphate, urea, or carbonate; ' ’ ‘

[00164] R’ is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, alkoxy, amido, amino, acyl, acyloxy,
5 alkoxycarbonyl, sulfonamido, halo, cyano, hydroxy, nitro, aryl, or heteroaryl;

[00165]) R®, R%, R7, and R® are independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterdalkyl, alkoxy,

amido, amino, acyl, acyloxy, sulfonamido, halo, cyano, hydroxy or nitro; and

[00166] each instance of R’ is independently hydrogen, C;-Cyoalkyl, C3-Cscycloalkyl, heterocycloalkyl, or Cp-

Cioheteroalkyl. ’

10 [00167] In some embodiments, W,' is CR>. In some embodiments, W,'is N. In some embodiments, W, is CR®. In
some embodiments, W,”is N. In some embodiments, W,.2is CR®. In some embodiments, W, is N. In some
embodiments, W,' is CR". In some embodiments, W, is N. In some embodi;nents, W,® is CR®. In some embodiments,
W,® is CHR®. In some embodiments, W, is N. In some embodiments, W, is CR®, W, is CR® and W,* is CR’. In
some embodiments, W,2 is N, W,? is CR®, and W,* is CR’. In some embodirnents, W,” is CR®, W,” is N, and W, is

15 CR. In some embodiments, W,? is CR®, W,? is CR, and W,* is N. In some embodiments, W,? and W,’ are N and W,*
is CR”. In some embodiments, W 2 is CR®, and W,> and W,* are N. In some émbodimehts, W, is CR®. In some
embodiments, W’ is CHR®. In some embodiments, Wbs is N. In some embod-ivments, W,2 is CR®, W is CRS, W% is
CR’, and W,* is CR®. In some embodiments, W,” is CR’, W, is CR®, W,* is CR’, and W’ is CHR®. In some
embodiments, W,? is CR®, W, is CR®, W,* is CR’, and W, is N. In some embodiments, W, is N, W,’ is CR®, W,* is

20 CR’, and W,® is CR®. In some embodiments, W,” is N, W,” is CR®, W,* is CR", and W}’ is CHR®. In some
embodiments, W2 is N, W,? is CR®, W,* is CR’, and W’ is N. In some embodiments, W,* is CR®, W,’ is N, W, is
CR’, and W,® is CR®. In some embodiments, W,? is CR?, W,” is N, W,* is CR’, and W, is CHR®. In some
embodiments, W,2 is CR®, W,% is N, W, is CR’, and W,® is N. In some embodiments, W, is CR®, W, is CR®, W,* is
N, and W,® is CR®. In some embodiments, W,? is CR®, W,» is CR®, W,* is N, and W,® is CHR®. In some

25 embodiments, W,2 is CR®, W,? is CR®, W,* is N, and Wy is N. In some embodiments, W,2 and W,* are N, W,* is CR’,
and ‘Wbs is CR®. In some embodiments, W, and w2 are N, W, is CR’, and W,* is CHR®. In some embodiments, w2
and W, are N, W, is CR”, and W, is N. In some embodiments, W, is CR®, W,’ and W,* are N, and W,® is CR®. In
some embodiments, W,2 is CR®, W,> and W’ are N, and W, is CHR®. In some embodiments, W,? is CR’, W,’ and
W,* are N, and W, is N. '

30 [00168] In some embodiments, B is unsubstituted or substituted alkyl, including but not limited to (CH,),-NR'R*
,wherein each R® is independently hydrogen, alkyl, fluoroalkyl, carbocyclyl, carbocyclylalkyl, aryl, aralkyl,
heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or heteroarylalkyl, or NR'R® are combined together to form a
cyclic moiety, which includes but is not limited to piperidinyl, piperazinyl, and morpholinyl. In some embodiments, B

is unsubstituted or substituted amino. In some embodiments, B is unsubstituted or substituted heteroalkyl.

R1

(R3q
s |

Formuia II

35

[00169] In some embodiments, B is a moiety of Formula II and wherein W, is a member selected from the group
consisting of unsubstituted or substituted aryl, substituted phenyl, unsubstituted or substituted heteroaryl including but
-26-
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not limited to pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, pyrimidin-4-yl, pyrimidin-2-yl, pyrimidin-5-yl, or pyrazin-2-yl,
unsubstituted or substituted monocyclic heteroaryl, unsubstituted or substituted bicyclic heteroaryl, a heteroaryl
comprising two heteroatoms as ring atoms, unsubstituted or substituted heteroaryl comprising a nitrogen ring atom,
heteroary! comprising two nitrogen ring atoms, heteroaryl comprising a nitrogen and a sulfur as ring atoms,

5 unsubstituted or substituted heterocycloalky! including but not limited to morpholinyl, tetrahydropyranyl, piperazinyt,
and piperidinyl, unsubstituted or substituted cycloalky! including but not limited to cyclopentyl and cyclohexyl.

[00170] In some embodiments, B is one of the following moieties:
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[00171] In some embodiments, B is substituted by one or more of alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroary! alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano,
hydroxy or nitro, each of which alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,

15 alkoxy, amido, amino, acyl, acyloxy, or sulfonamido, may itself be substituted.
{00172] In some embodiments, R! is a member selected from the group consisting of hydrogen, unsubstituted or
substituted alkyl, unsubstituted or substituted heteroalkyl, unsubstituted or substituted alkenyl, unsubstituted or
substituted alkynyl, unsubstituted or substituted cycloalkyl, or unsubstituted or substituted heterocycloalkyl. In some
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compound having a structure of Formulal, 1V, V. VI, VI, VIII, IX, X, XI, XII, XIlI, or XIV. Sub- class
Sub- class # W2 Sub- class # Ri2 # 12-1 -CN

embodiments, R' is unsubstituted or substituted aryl, unsubstituted or substituted arylalkyl, unsubstituted or substituted

heteroaryl, or unsubstituted or substituted heteroarylalkyl. In some embodiments, R’ is unsubstituted or substituted

alkoxy, unsubstituted or substituted amido, unsubstituted or substituted amino. In some embodiments, R! is

" unsubstituted or substituted acyl, unsubstituted or substituted acyloxy, unsubstituted or substituted alkoxycarbonyl, or
5 unsuﬁstituted or substituted sulfonamido. In some embodiments, R! is halo which includes ¥C1, -F, -1, and -Br. In

some embodiments, R' is selected from the grc'mp consisting of cyano, hydroxy, nitro, unsubstituted or substituted

phosphate, unsubstituted or substituted urea, and carbonate.

[00173] In some embodiments, when R' is alkyl, R is methyl, ethyl, propyl, isopropyl, »- butyl, tert- butyl, sec-butyl,

pentyl, hexyl or heptyl. )

10 [00174] In some embodiments, when R' is alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl,
arylalkyl, heteroaryl,‘heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alicoxycarbonyl, sulfonamido, or hydroxy,
R} is substituted by phosphate, or unsubstituted urea, or substituted urea, or carbonic acid, or carbonate.

[00175} In some embodiments, when R! is alkyl, heteroalkyl, alkenyl, alkyﬁyl, cycloalkyl, heterocycloalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, or sulfonamido, R'is

15 substituted by one or more of alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalky!l,
heteroaryl, heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, atkoxycarbonyl, sulfonamido, halo, cyano, hydroxy
or nitro, each of which alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, or sulfonamido may itself be substituted. .
[00176] In some embodiments, R? is a member selected from the group consisting of unsubstituted or substituted

20 alkyl, unsubstituted or substituted heteroalkyl, unsubstituted or substituted alkenyl, unsubstituted or substituted
alkynyl, unsubstituted or substituted cycloalkyl, and unsubstituted or substituted heterocycloalkyl. In some
embodiments, R? is unsubstituted or substituted aryl, unsubstituted or substituted arylalkyl, unsubstituted or substituted
heteroaryl, or unsubstituted or substituted heteroarylalkyl. In some embodiments, R? is unsubstituted or substituted
alkoxy, unsubstituted or substituted amido, unsubstituted or substituted amino. In some embodiments, R%is

25 unsubstituted or substituted acyl, unsubstituted or substituted acyloxy, unsubstituted or substituted alkoxycarbonyl, or
unsubstituted or substituted sulfonamido. In some embodiments, R? is halo, which is -1, -F, -Cl, or -Br. In some
embodiments, R is selected from the group consisting of cyano, hydroxy, nitro, a carbonic acid, and a carbonate. In
some embodiments, R is unsubstituted or substituted phosphate. In some embodiments, R? is unsubstituted or
substituted urea. In some embodiments, when R? is alkyl, R? is methyl, ethyl, propyl, isopropyl, n- butyl, fert- butyl,

30 sec-butyl, pentyl, hexyl or heptyl.

[00177] In some embodiments, when R? is alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, or hydroxy,
it is substituted by phosphate, substituted by urea, or substituted by carbonate.

[00178] In some embodiments, when R? is alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl,

35 arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, or sulfonamido, it is
substituted by one or more of alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
alkoxy, amido, amino, acyl, acyloxy, alkokycarbonyl, sulfonamido, halo, cyano, hydroxy or.nitro, each of which alkyl,

" heteroalkyl, alkenyi, alkynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkoxy, amido, amino, acyl, acyloxy,
atkoxycérbonyl, or sulfonamido may it;elf be substituted.

40 [00179] In some embodiments, q is an integer of 0. In some embodiments, g is an integer of 1. In some embodiments,

q is an integer of 2. In some embodiments, q is an integer of 3. In some embodiments, q is an integer of 4.
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{00180] In some embodiments, R’ is 2 member selected from the group consisting of hydrogen, unsubstituted or
substituted alkyl, unsubstituted or substituted alkenyl, and unsubstituted or substituted alkynyl. In some embodiments,
R’ is unsubstituted or substituted aryl unsubstituted or substituted heteroaryl, unsubstituted or substituted cycloalkyl,
or unsubstituted or substituted heterocycloalkyl In some embodiments, R is unsubstituted or substituted alkoxy,

5 unsubstituted or substituted armdo, unsubstituted or substituted amino. In some embodiments, R® is unsubstituted or
substituted acyl, unsubstituted or substituted acyloxy, unsubstituted or substituted alkoxycarbonyl, or unsubstituted or
substituted sulfonamido. In some embodimcnts, R? is halo, which is —'I, -F, -Cl, or -Br. '
[00181] In some embodiments, R’ is selected from the group consisting of cyano, hydroxy, and nitro. In some
embodiments, when R’ is alkyl, R? is methyl, ethyl, propyl, isopropyl, #- butyi, tert- butyl, sec-butyl, pentyl, hexyl or

10 heptyl. In some embodiments, R® is -CF.

[00182] In some embodiments, when R’ is alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl, he'terocycloalkyl,
alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, or sulfonamido, itis substituted with one or more of alkyl,
heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkoxy, amido, amino, acyl, acyloxy,
alkoxycarbonyl, sulfonamido, halo, cyano, hydroxy or nitro, each of which z;Ikyl, heteroalkyl, alkenyl, alkynyl,

15 cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkoxy, amido, amino, acyl, acyloxy, alkoiycarbonyl, or sulfonamido
may itself be substituted.

[00183] In some embodiments, R is hydrogen, unsubstituted or substituted alkyl (including but not limited to
unsubstituted or substituted C,;-Cqalkyl). In some embodiments, R’ is unsubstituted or substituted alkenyl including
but not limited to unsubstituted or substituted C,-Csalkenyl. In some embodiments, R® is unsubstituted or substituted

20 alkynyl including but not limited to unsubstituted or substituted C,-Csalkynyl. In some embodiments, R®is
unsubstituted or substituted cycloalkyl including but not limited to unsubstituted or substituted C;-Cscycloalkyl. In
some embodiments, R’ is unsubstituted or substituted heterocycloalkyl. In some embodiments, R® is unsubstituted or
substituted heteroalkyl including but not limited to unsubstituted or substituted C;-C,heteroalkyl. In some
embodimcnts, R? is unsubstituted or substituted alkoxy including but not limited to unsubstituted or substituted C;-

25 Cqalkoxy. In some embodiments, R’ is unsubstituted or substituted amido including but not limited to unsubstituted or
substituted C;-C,amido. In some embodiments, R’ is unsubstituted or substituted amino. In some embodiments, R’ is
unsubstituted or substituted acyl, unsubstituted or substituted acyloxy, unsubstituted or substituted C;-C,acyloxy,
unsubstituted or substituted alkoxycarbonyl, unsubstituted or substituted sulfonamido, or unsubstituted or substituted
C,-C,sulfonamido. In some embodiments, R® is halo, which is —1, -F, -Cl, or -Br. In some embodiments, R’ is selected

30 from the group consisting of cyano, hydroxy, and nitro. In some other embodiments, R? is -CH3, -CH,CHj, n-propyl,
isopropyl, -OCH;, -OCH,CHj, or -CFs.

{00184} In some embodiments, when R’ is alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, acyl, alkoxy, amido,
amino, acyloxy, alkoxycarbonyl, or sulfonamido, R’is optionally substituted with one or more of alkyl, heteroalkyl,
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl,

35 sulfonamido, halo, cyano, hydroxy or nitro, each of which alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, or sulfonamido may itself be
substituted.

[00185] In some embodiments, R® is hydrogen, unsubstituted or substituted alkyl (including but not timited to
unsubstituted or substituted C;-Calkyl). In some embodiments, R® is unsubstituted or substituted alkenyl including

40 but not limited to unsubstituted or substituted C,-Csalkenyl. In some embodiments, R® is unsubstituted or substituted
alkyny! including but not limited to unsubstituted or substituted C;-Csalkynyl. In some embodiments, Réis
unsubstituted or substituted cycloatky! including but not limited to unsubstituted or substituted C;-Cscycloalkyl. In
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some embodiments, R® is unsubstituted or substituted heterocycloalkyl. In some embodiments, R® is unsubstituted or
substituted heteroalkyl including but not limited to unsubstituted or substituted C,-Czheteroalkyl. In some
embodiments, R is unsubstituted or substituted alkoxy including but not limited to unsubstituted or substituted C;-
Cqalkoxy. In some embodiments, RS is unsubstituted or substituted amido including but not limited to unsubstituted or
substituted C,-C,amido. In some embodiments, R® is.unsubstituted or substituted amino. In some embodiments, R is
unsubstituted or substituted acyl, unsubstituted or substituted acyloxy, unsubstituted or substituted C,-C4acyloxy,
unsubstituted or substituted alkoxycarbonyl, unsubstituted or substituted sulfonamido, or unsubstituted or substituted
C;-Cosulfonamido. In some embodiments, R® is halo, which is -1, -F, -Cl, or -Br. In some embodiments, R® is selected
from the group consisting of cyano, hydroxy, and nitro. In some other embodiments, R® is -CHj, -CH,CH;, n-propyl,
isopropyl, -OCHj3, -OCH,CHj, or -CF3.

[00186] In some embodiments, when Réis alkyl; alkenyl, alkynyl, cycloalkyl, heteroalkyl, acyl, alkoxy, amido,
amino, acyloxy, alkoxycarbonyl, or sulfonamido, R® is optionally substituted with one or more of alkyl, heteroalky),
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, aikoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl,
sulfonamido, halo, cyano, hydroxy or nitro, each of which alkyl, heteroalkyl, alkenyl, alkynyl,.cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, or sulfonamido may itself be
substituted.

[00187] In some embodiments, R’ is hydrogen, unsubstituted or substituted alky! (including but not limited to
unsubstituted or substituted C,-Csalkyl). In some embodiments, R’ is unsubstituted or substituted alkeny! including
but not limited to unsubstituted or substituted C,-Csalkenyl. In some embodiments, R’ is unsubstituted or substituted
alkynyl including but not limited to unsubstituted or substituted C,-Csalkynyl. In some embodiments, R’ is
unsubstituted or substituted cycloalkyl including but not limited to unsubstituted or substituted C;~Cscycloalkyl. In
some embodiments, R is unsubstituted or substituted heterocycloalkyl. In some embodiments, R’ is unsubstituted or
substituted heteroalkyl including but not limited to unsubstituted or substituted C,-Csheteroalkyl. In some
embodiments, R is unsubstituted or substituted alkoxy including but not limited to unsubstituted or substituted C;-
C.alkoxy. In some embodiments, R’ is unsubstituted or substituted amido including but not limited to unsubstituted or
substituted C,;-Csamido. In some embodiments, R’ is unsubstituted or substituted amino. In some embodiments, R is
unsubstimt;:d or substituted acyl, unsubstituted or substituted acyloxy, unsubstituted or substituted C,~C,acyloxy,
unsubstituted or substituted alkoxycarbonyl, unsubstituted or substituted sulfonamido, or unsubstituted or substituted
C,-Cqsulfonamido. In some embodiments, R’ is halo, which is -, -F, -Cl, or -Br. In some embodiments, R’ is selected
from the group consisting of cyano, hydroxy, and nitro. In some other embodiments, R’ is -CH3, ~-CH,CH, n-propyl,
isopropyl, -OCHjs, -OCH,CHj, or -CF3. .

[00188] In some embodiments, when R’ is alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, acyl, alkoxy, amido,

amino, acyloxy, alkoxycarbonyl, or sulfonamido, Ris optionally substituted with one or more of alkyl, heteroalkyl,

“alkenyl, alkynyl, cycloatkyl, heterocycloalkyl, aryl, heteroaryl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, .

sulfonamido, halo, cyano, hydroxy or nitro, each of which alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, or sulfonamido may itself be
substituted. )
[00189] In some embodiments, R® is hydrogen, unsubstituted or substituted atkyl (including but not limited to
unsubstituted or substituted C;-Cqalkyl). In some embodiments, R® is unsubstituted or substituted alkenyl including
but not limited to unsubstituted or substituted C;-Csalkenyl. In some embodiments, R%is unsubstituted or substituted
alkynyl including but not limited to unsubstituted or substituted C,-Csalkynyl. In some embodiments, R®is
unsubstituted or substituted cycloalkyl including but not limited to unsubstituted or substituted C;-Cscycloalkyl. In
-31-
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some embodiments, R® is unsubstituted or substituted heterocycloalkyl. In some embodiments, R® is unsubstituted or
substituted heteroalkyl including but not limited to unsubstituted or substituted C;-C,heteroalkyl. In some
embodiments, R® is unsubstituted or substituted élkoxy including but not limited to unsubstituted or substituted Ci-
C.alkoxy. In some embodiments, R® is unsubsﬁfuted or substituted amido including but not limited to unsubstituted or
5 substituted C;-Csamido. In some embodiments, R® is unsubstituted or substituted amino. In some embodiments, Riis
unsubstituted or substituted acyl, unsubstituted or substituted acyloxy, unsubstituted or substituted C;-Cqacyloxy,
unsubstituted or substituted alkoxycarbonyl, unsubstituted or substituted sulfonamido, or unsubstituted or substituted
Cy-Cysulfonamido. In some embodiments, R® is halo, which is -1, -F, -Cl, or -Br. In some embodiments, R® is selected
from the group consisting of cyano, hydroxy, and nitro. In some other erﬁbodiments, R% is -CH3, -CH,CH;, n-propyl,

10 isopropyl, -OCHj, -OCH,CHj, or -CFj.

[00190] In some embodiments, when R® is alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, acyl, alkoxy, amido,
amino, acyloxy, alkoxycarbonyl, or sulfonamido, R® is optionally substituted with one or more of alkyl, heteroalkyl,
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl,
sulfonamido, halo, cyano, hydroxy or nitro, each of which alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl,

15 heterocycloalkyl, aryl, heteroaryl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, or sulfonamido may itself be
substituted. :

[00191] In some embodiments, R®, R®, R”, and R® are H.
~ [00192] In some embodiments, X is absent. In some embodiments, X is -(CH(R°)),, and Z is an integer of 1, 2, 3 or 4.
[00193] In some embodiments, R is unsubstituted or substituted alky! including but not limited to unsubstituted or

20 substituted C,-Cyoalkyl. In some embodiments, R® is unsubstituted or substituted cycloalkyl iﬁcluding but not limited
to unsubstituted or substituted C;-Cjcycloalkyl. In some embodiments, R? is methyl or hydrogen. In some
embodiments, R® is unsubstituted or substituted heterocycloalkyl including but not limited to unsubstituted or
substituted C,-Cjgheteroalkyl. In some embodiments, R’ is unsubstituted or substituted heteroalkyl including but not
limited to unsubstituted or substituted C,-C;oheteroalkyl. '

25 [00194] When Ris any of the above, in some embodiments, X is -CH;-, -CH;CH,-, -CH,CH,CH-, -CH(CHj3)-, or -
CH(CH,CH;)-. In some embodiments, when X is -CH(CH;)-, -CH(CH;)- is in an (S)- or (R)-stereochemical
configuration.

[00195] In some embodiments of the compound of Formula I, Y is absent. In some embodiments, Y is ~O-, -8-~, -
S(=0)-, -8(=0),-, -C(=0)-, -N(R®)(C=0)-, -N(R*)(C=0)NH-, -N(R*)C(R*),- (such as-N(R’)CH,-, specifically -

30 N(CH;)CH,-, N(CH(CH;);)CH; - or N(CH;CH3)CH;-), -N(R®)-, -N(CHz)-, -N(CH,CHj)-, or -N(CH(CHa),)-. In some
embodiments, Y is -C(=0)-(CHR®),- and z is an integer of 1,2, 3, or 4.

[00196] In some embodiments, X-Y is -CH;-, -CH;-N(CHj), -CH(CH;)-NH-, (8) -CH(CH3)-NH-, or (R)
-CH(CHa)-NH-. In some embodiments, X-Y is -N(CH;).CHz-, N(CH,CH3) CH,-, -N(CH(CH;),)CHy-, or -NHCH,-.
{00197} In some embodiments, Wy is a member selected from the group consisting of unsubstituted or substituted

35 heterocycloalkyl, unsubstituted or substituted aryl, and unsubstituted or substituted heteroaryl. In some embodiments,
W, is unsubstituted or substituted monocyclic heteroaryl, of unsubstituted or substituted bicyclic heteroaryl. In some
embodiments, W, is a bicyclic heteroaryl having at least one heteroatom, e.g., a bicyclic heteroary! having at least one
nitrogen ring atom. In some embodiments, Wy is a bicyclic heteroaryl having at least two heteroatoms, e.g., a bicyclic
heteroaryl having at least two nitrogen ring atoms. In some embodiments, Wy is a bicyclic heteroary! having two

40 heteroatoms in the ring which is connected to XY. In some embodiments, Wy is a bicyclic heteroaryl having two
nitrogen ring atoms in the ring to which XY is connected. In some embodiments, Wy is a bicyclic heteroaryl having
four heteroatoms, e.g., a bicyclic heteroaryl having four nitrogen ring atoms. In some embodiments, W, is
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unsubstituted or substituted 4-amino-1H-pyrazolo[3,4-d]pyrimidin-1-yl, unsubstituted or substituted
7-amino-2-methyl-2H-pyrazolo[4,3-d]pyrimidin-3-yl. unsubstituted or substituted 6-methylenyl-9H-purin-6-yl, or
unsubstituted or substituted 6-amino-SH-purin-9-yl.

[00198] In some embodiments W, is one of the following:
t

™ s
Re. N XN y{[ v
\ \—-R? N ’ NH
N= \7/‘ \ R2 YK(
R‘! 1 R \?
R1 1 R 12
5 R‘l 1

wherein R® is hydrogen, halo, phosphate, urea, carbonate, alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, or
heterocycloatkyl;

R is H, alkyl, halo, amino, amido, hydroxy, or alkoxy, and

R'Zis H, alkyl, cyano, alkynyl, alkenyl, halo, aryl, heteroaryl, heterocycloalkyl, cycloalkyl, amino, carboxylic acid,
10 alkoxycarbonyl, or amido.

[00199] In some embodiments, Wd is:

{00200} In some embodiments, Wy is:

15 [00201] Insome embodiments, Wy is:

[00202] In some embodiments, Wy is:

1
N
N
« N\ —-R?
N*K/ '
=N
R11
[00203] In some embodiments of W4 R® is 2 member selected from the group consisting of hydrogen, halo,
20 phosphate, urea, a carbonate, unsubstituted or substituted alkyl, unsubstituted or substituted aikenyl, unsubstituted or

substituted alkynyl, unsubstituted or substituted cycloalkyl, unsubstituted or substituted heteroalkyl, and unsubstituted

or substituted heterocycloalkyl.
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{00204} In some embodiments of Wy, when R is alkyl, alkynyl, cycloalkyl, heteroalkyl, or heterocycloalkyl, it is
substituted by phosphate, urea, or carbonate.

{00205] In some embodiments, R'' is 2 member of the group consisting of hydrogen, unsubstituted or substituted
alkyl, and halo, which includes I, -F, -Cl, or -Br. In some embodiments, R'! is unsubstituted or substituted amino,
unsubstituted or substituted amido, hydroxy, or unsubstituted or substituted alkoxy. In some embodiments, R'" is
phosphate, unsubstituted or substituted urea, or carbonate.

[00206] In some embodiments, when R’ is alkyl, amino, amido, hydroxy, or alkoxy, it is substituted by phosphate,
urea, or carbonate.

[00207] In some embodiments,-X-Y-W is one of the following moieties:

o

$_sCHs . CHs .
‘|’ f’jN é’jN
H N g N . N
Ha R ’N R1Z =N Rtz =N
2
10 HzN H,N HoN
$._-CHs s _Et é’\\/(
eiNr é’jN/
- N - N ’ N
N7 N—H N S—H N \—H
R12 =N R12 =N R12 =N
HzN H2N HzN
i
o . ~§\(CH3 g\l..\CHa ~g\‘
CH id N ,N ,N
,,\3’ >Ny N /N\\,~CH3 N /N\}’CHs
HN R2 =N R12 =N R2 =N
2 HaN HoN HoN
o
f\rcns A \cua
A U *{
HaN :g, HoN
Lo $_CH, 2 CHs 2
T 2 )
\N NS N\ ; N,N N . ’N N Nr N e
v N —
R1Z N =N R N
HzN HoN HoN H,N
£ £ CH c X
~ o\ (e} ;\Nr 3 f\ ;;jN " //\ ng
N VNN NN NN 0
n=( TN N7 YN\/IO N T \‘)/N\//O \ N
=N R =N R —N R12 =N
15 HeN HoN HoN HoN
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N \]/ s,é CH
({/\}»H ( _C\\FH ( {\7"}4 ({\)/CHs ({\7’0%( ‘C\)/cna
HoN
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g CH3 \CH3

; ; \I
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[00208] In some embodxments, R'? is a member of the group consisting of hydrogen, cyano, halo, unsubstituted or
10 substituted alkyl, and unsubstituted or substituted alkyny! unsubstituted or substituted alkenyl. In some embodiments,
R'? is unsubstituted or substituted aryl. In some embodiments, R'? is unsubstituted or substituted heteroaryl, which
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includes but is not limited to heteroaryl having a 5 membered ring, heteroaryl having a six membered ring, heteroaryl
with at least one nitrogen ring atom, heteroaryl with two nitrogen ring atoms, monocylic heteroaryl, and bicyclic
heteroaryl. In some embodiments, R'? is unsubstituted or substituted heterocycloalkyl, which includes but is not
limited to heterocycloalkyl with one nitrogen ring atom, heterocycloalkyl with one oxygen ring atom, RZis
heterocycloalky! with one sulfur ring atom, 5 membered heterocycloalky!, 6 membered heterocycloalkyl, séturated
heterocycloalkyl, unsaturated heterocycloalkyl, heterocycloalky! having an unsaturated moiety connected to the
heterocycloalkyl ring, heterocycloalkyl substituted by oxo, and heterocycioalkyl substituted by two oxo. In some
embodiments, R'? is unsubstituted or substituted cycloalkyl, including but not limited to cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloalky! substituted by one oxo, cycloalkyl having an unsaturated moiety connected to the
cycloalkyl ring. In some embodiments, R'? is unsubstituted or substituted amido, carboxylic acid, unsubstituted or
substituted acyloxy, or unsubstituted or substituted alkoxycarbonyl.

[00209] In some embodiments, when R'? is alkyl, alkynyl, alkenyl, ai'yl, heteroaryl, heterocycloalkyl, or cycloalkyl, it
is substituted with phosphate. In some embodiments, when R'? is alkyl, alkynyl, alkenyl, aryl, heteroaryl,
heterocycloalkyl, or cycloalkyl, it is substituted with urea. In some embodiments, when R' is alkyl, alkynyl, alkenyl,
aryl, heteroaryl, heterocycloalkyl, or cycloalkyl, it is substituted with carbonate.

{00210] In some embodiments, when R'?is alkyl, alkynyl, alkenyl, aryl, beteroaryl, heterocycloalkyl, cycloalkyl,
alkoxycarbonyl, amido, or acyloxy, it is substituted with one or more of alkyl, heteroalkyl, alkenyl, alkynyl,
cycloalkyl, heterocycloatkyl, aryl, heteroaryl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sulfonamide, halo,
cyano, hydroxy or nitro, each of which alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, hgterocycloalkyl, aryl,
heteroaryl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, or sulfonamido may itself be substituted.

[00211] In some embodiments, R'? of W is one of the following moieties:

=1 +K

[
VAN
|
\
I

Ne_zN N N\!/ N
N
NH, NH, NH, NH,
T ;{%f UNOY
| . /N
NH Cl
— NH--N/ NH\N/ \ NH
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10 [00212] In some embodiments, Wy 1sapyrazofopyrimidme of Formula III
I
e
NN
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01 H2N 12-68 -1t?: CC . HIN 12-69 WS H 12-70 /N. INH 12-71 INtN ,H 12-72N..4iNNH 12-73
'eee==(-. NH Cr-14 H 12-74 Oi---Ni -LW -7. N- H

Formula 11 .
wherein R'" is H, alky!l, halo, amino, amido, hydroxy, or alkoxy, and R'? is H, alkyl, alkynyl, alkenyl, halo, aryl,
heteroaryl, heterocycloalkyl, or cycloalkyl. In some embodiments, R'! is amino and R' is H, alkyl, alkynyl, alkenyl,
halo, ary}, heteroaryl, heterocycloalkyl, or cycloalkyl. In some embodiments, R'" is amino and R'? is alkyl, halo, aryl,

5 heteroaryl, heterocycloalkyl, or cycloalkyl. In some embodiments, R'" is amino and R'? is monocyclic heteroaryl. In
some embodiments, R'! is amino and R' is bicyclic heteroaryl. In some embodiments, R'' is amino and R'? is cyano,
amino, carboxylic acid, acyloxy, alkoxycarbonyl, or amido. '

[00213] In some embodiments, the compound of Formutla I is a compound which has a structure selected from the
group consisting of Formula 1-A, 1-B, Q-A, 2-B. 1V, V, V-A, VI, VI-A| VI-B, VI-C, 6-Cl1, 6-C2, V-]-D, and 6-D:

10

Formula 1-A Formula 1-B Formula 2-A Formula
2-B

HoN

15

H H N/N N
LY
R?Z —=N

HaN

Formula V1 Formula VI-A Formula 6-A
-38-



12-75-,,4 -----(00-NH 12-76 ...wit -. A 8 ON H 12-77 i NC'j 12-78 .1.4 H2NA, ut 12-79 ,"4 FIN-4 /0
12-80 NHMe 12-81 CNA c); 12-82 v4 0--e.", 'Li H3c 12-83 04 Eio 12-84 .34

Formula VI-B
R3
‘H
R3 (o]
) H N'B
H R9
! H 7 NH
H Nﬁ
N/ \ N\
N\=p H
5 Formula 6-C2 Formula VI-D Formula 6-D

In another embodiment, the compound of Formula I is a compound which has a structure selected from the group

consisting of Formula VI, 7-A, VI, VIII-A, and 8-A:

3 R® o}
R 0]
- )\
SO
Y
\
R8 Wd Wd
Formula VII Formula VIII
RP 0
5
R pZ N B

10
Formula VIII-A Formula 8-A

[00214] Any of the disclosed elements and their substituents for the compounds of Formula I can be used in any

combination. .
{00215] In one aspect, for compounds of Formula L, IV, V, VI, V11, or VIIL, R, is H, CH,, CF;, CL, F, aryl, or

15 heteroaryl; B is alkyl or a moiety of Formula II;
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Formuta Il
wherein W, is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl; R'is H, -F, -Cl, -CN, -CH;, isopropyl, -CF3, -OCH;,
nitro, or phosphate; R? is halo, hydroxy, cyano, nitro, or phosphate; q is an integer of 0, 1, 2, 3, or 4; R, RS, R’,and R®
5 are H: X is absent or (CHa),; z is 1; Y is absent , -N(R®)-, or -N(R®) CH(R®)-; R’ is hydrogen, C;-C,palkyl, C;-
Cicycloalkyl, or C;-Cioheteroalkyl; and Wy is pyrazolopyrimidine or purine.
[00216] in another aspect, for compounds of Formula I, IV, V, VI, VII, or VIiI, Rs is H, CH;,, CF;, Cl, or F; B is alkyl
or a moiety of Formula II which is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl; R' is H, -F, -Cl, -CN, -CHs,

R1

>

isopropyl, -CF, -OCHs, nitro, or phosphate; R is halo, hydroxy, cyano, nitro, or phosphate; q is 0, 1 or 2; R RS, R,
10 and R® are H; X is absent or (CH,);; z is 1; Y is absent , -N(R®)-, or -N(R®) CH(R®)-; R’ is hydrogen, methyl, or ethyl;

!

A
N
) NWN\ |
AT - H e :
W, is: R or N : R''is amino; and R' is H, alkyl, alkynyl, alkenyl, halo, aryl,
heteroaryl, heterocycloalkyl, cycloalkyl, cyano, amino, carboxylic acid, alkoxycarbonyl, or amido.
[00217] In another aspect, for compounds of Formula 1, IV, V, VI, VII, or V111, Rs is H, CH;, CF3, Cl, or F; B is alkyl
or a moiety of Formula II which is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl; R'isH, -F, -Cl, -CN, -CHs,
15 isopropyl, -CF3, -OCH;, nitro, or phosphate; R? is halo, hydroxy, cyano, niiro or phosphate; qis 0, 1 or 2; R, RS, R,

H

e

NN
| / N
o)
==N
and R® are H; X is (CHp),; zis 1; Y is absent and Wy is: R ; R'is amino; and R'? is H, alkyl, alkynyl,
alkenyl, halo, aryl, heteroaryl, heterocycloalkyl, cycloalkyl, cyano, amino, carboxylic acid, alkoxycarbonyl, or amido.
[00218] In another aspect, for compounds of Formulal, IV, V, VI, VI, or V111, R; is H, CHs, CF;, Cl, or F; B is alkyl

or a moiety of Formula II, which is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl; R!isH, -F, -Cl, -CN, -CHs,
20 isopropyl, -CFs, -OCHj, nitro, or phosphate; R? is halo, hydroxy, cyano, nitro, or phosphate; qis 0, 1 or 2; R®, RS, R,

\ Nﬁ
N )N
8 . . 9 9. . \x H

and R® are H; X is (CHy); z is 1; Y is~N(R”)~; R’ is hydrogen, methyl, or ethyl; and Wy is N .
[00219] In another aspect, for compounds of Formula I, IV, V, V1, VI, or VIII, R; is H, CH3, CF;, Cl, or F; B is alkyl
or a moiety of Formula II, which is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl; R!isH, -F, -Cl, -CN, -CH;,
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0/(1)0_ /1.4-\-0 12-94'4-12-95...",/, -k NAK INI1-NiH12-96 O-1IN\CIl| NH2  100251]
lllustrative embodiments of Formula 2-A and Formula 2-B are provided, wherein R3 is selected from
any of H, ClI, F, or methyl; any of Waz2 is elected from CH, N, C-CN, or C-OCH3; any of Wa3 is

selected from g{%}é,o Hg,'liéd o ok QHE:S R A %e\% l?/,%elected frofrapas ngafe

selected HERP ahy of B'ag desdri
and any of X-Y-Wd as described in Table 3. The compounds of Formula,
contain any substituents specified under R3, W12, Wa3 , Wa4 , Rs B, 12

embodiments described in no way limit the invention, but are descriptive fth co

F3 R of Rs h
azlsg{s%e%cr"begy in Table 2,

ormula 2-B can
-YWd. The specific
unds of the

inventionaSakae Bdditiora) ExeRISIRDORD 6 tinidgeafrosmer abyR aad &hd 2-Batk illustrated in Table 5.

R30 Wd 143l0] ridlavenfimd plaldiad F2ompound of Formula IX or its pharmaceutically acceptable salt,

O
W 1
/
Waz\
W4 X
Y-
~
Wy
5 ) " Formula IX

[00221] wherein W,' and W,2 are independently CR?, S, N, or NR, and W,* is independently CR’, S, N, or NR*

wherein no more than two adjacent ring atoms are nitrogen or sulfur, and when W,' is S, one of W,” and W, is N or

NRY
[00222] W,® is CR®, N, or NR%;
10 [00223] B is alkyl, amino, heteroalkyl, cycloalkyl, heterocycloalkyl, or a moiety of Formula II;

R1
@ (R3)q

Formula 1]

e

[00224] wherein W_ is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl, and
[00225) qis an integer of 0, 1,2, 3, or 4;
15 [00226] W, is absent or is a heterocycloalkyl, aryl or heteroaryl moiety;
[00227] X is absent or is —~(CH(R®)),- and each instance of z independently is an integer of 1, 2, 3, or 4;

[00228] Y is absent, -O-, -S-, -S(=0)-, -8(=0);-, -N(R%)-, -C(=0)-(CHR"),-, -C(=0)-, -N(R®)-C(=0)-, or -N(R®)-

C(=0)NH-,"N(R*)C(R*)z-, or -C(=0)-(CHR");

[00229] R’ is hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloatkyl, aryl, arylalkyl, heteroaryl,
20 heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxy, nitro,

phosphate, urea, or carbonate;

[00230] R?is alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl,

heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxy, nitro,

phosphate, urea, or carbonate;
25 [00231} R'is hydrogen, acyl,alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, or C;-C;heteroalkyl;

[00232] R®, R, and R® are independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, alkoxy, amido,

amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxy or nitro;

[00233] each instance of R? is independently hydrogen, C,-Cgalkyl, C;-C;cycloalkyl, heterocycloalkyl, or Co-

C,gheteroalkyl.
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Table 3. Exemplary X-Y-Wd for a compound having a structure of Formula I, IV, V, VI, VII, VI, IX, X,
X1, XilI, X1lI, or XIV. Sub- class 4 X-Y-Wd Sub- class 4 X-Y-Wd Sub- class 4 X-Y-Wd 1 40 N N -N H2N
2 .11".CH3 N,NR"N H2N 3 1. N,NN R12---N 142N 4 40 N -N [-12N 5 _ (CH3, NN'S> N---CH3 R12N

H2N [00234] Substituents described for Formula 1 are equatly applicable to compounds of Formula IX, except for w,',

W2, W,*, and W,’ which are defined as follows:
{00235] In some embodiments, W,' is CR®, S, N, or NR*.
[00236] In some embodiments, W,” is CR®, S, N, or NR*.
5 [00237) In some embodiments, W, is CR’, S, N, or NR".
[00238] In some embodiments, W,® is CR®, N, or NR®.
[00239] In some embodiments, the compound of Formula IX has a structure which is a member of the group
consisting of : () W, is NR?, W,2 is CR®, W,* is CR, and W,® is CR®; (i7) W,' is NR®, W,% is CR®, W,* is CR’, and
W, is CHRE; (iii) W,' is NR?, W, is CR®, W,* is CR", and W, is N; (iv) W,' is NRY, W,? is CR®, W,* is CR’, and
10 W% isNR% (v) W,'isNRY, W2 is N, W,! is CR’, and W’ is CR%; (vi) W,'is NR*, W,2 is N, W," is CR’, and W}’ is
CHR®; (vii) W, is NR, W2 is N, W, is CR7, and W,* is N; (vii)) W, is NR*, W2 isN, W,* is CR, and W, is NR%;
(ix) W, isNRY, W2 is CR’, W,* is N, and Wy is CR®; (x) W,' is NR', W2 is CR’, W,* is N, and W, is CHR?; (xi)
w,!is NRY, W2 is CR®, W,* is N, and W is N; (xi)) W, is NR*, W,2 is CR®, W,* is N, and W, is NR®; (xiii) W,'is
S, W.2 is CR®, W, is N, and W, is CR®; (xiv) W, is S, W, is CR®, W, is N, and W, is CHR®; (xv) W,' is S, W2 is
15 CR®, W.*is N, and W,® is N; (i) W, is S, W,2 is CR®, W,* is N, and W,,® is NR®; (xvif) W,' is N, W.2is CR®, W, is
S, and W, is CR%; (wiil) W, is N, W,2 is CR®, W,* is S, and W, is CHR®, (xix) W,' is N, W,%is CR®, W,*is §, and
W,S is N; @) W, is N, W2 is CR®, W,* is S, and Wy is NR; (xxi) W,' is CR®, W, is N, W,*is S, and W;® is CR®;
(xxi) W' is CR®, W2 is N, W,* is S, and W, is CHR®; (xxil) W,' is CR®, W,2is N, W," is S, and Wy is N; (xxiii) W,
is CRS, W,2is N, W,* is S, and W, is NR; (xxiv) W, is S, W,? is N, W,* is CR”, and W,* is CR®; (o) W,' is S, W2
20 isN, W,*is CR’, and W, is CHR®; (xrvi) W, is S, W,2 is N, W, is CR’, and Wy’ is N; (orvid) W,' is S, W, is N, W,*
is CR’, and W, is NR®; (orvidi) W, is CR®, W,2 is N, W," is NR®, and Wy’ is CR®; (xxix) W,' is CR®, W,2is N, W,* is
NR®, and W, is CHR®; (xxx) W,' is CRS, W,2 is N, W,* is NRY, and W, is N; (xxxd) W,'is CR®, W2 is N, W, is NR®,
and W’ is NR®; (xxxif) W, is CR®, W,2 is CR®, W, is S, and Wy* is CHR®; (xxxiii) W,' is CR®, W, is CR®, W,*is S,
and W,* is CR®; (xxaxiv) W, is CR®, W,2is CR®, W,* is S, and W,® is N; and (xxxv) W,' is CR®, W,2 is CR®, W,*is S,
25 and W,® is NR®.
[00240] In some embodiments, R* is a member of the group consisting of hydrogen, unsubstituted or substituted
acyl, unsubstituted or substituted alkyl which includes but is not limited to unsubstituted or substituted C;-C,alkyl,
unsubstituted or substituted alkenyl which includes but is not limited to C;-Csalkenyl, unsubstituted or substituted
alkyny! which includes but is not limited to C,-Csalkynyl, unsubstituted or substituted cycloalkyl which includes but is
30 not limited to C3-Cscycloalkyl, unsubstituted or substituted heterocycloalkyl, and unsubstituted or substituted
heteroalkyl which includes but is not limited to unsubstituted or substituted C;-C;heteroalkyl.
[00241} In some embodiments, when R*is acyl, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, or heteroalkyl,
it is substituted with one or more of alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, ary}, heterdaryl,‘
alkoxy, amido, amino, acyl, acyloxy, sulfonamido, halo, cyano, hydroxy or nitro, each of which alkyl, heteroalkyl,
35 alkenyl, atkynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkoxy, amido, amino, acyl, acyloxy, or sulfonamido
may itself be substituted.
[00242] In some embodiments, the compound of Formula IX is a compound which has a structure selected from the

group consisting of Formula X, XI, XII, XIIl, and XIV:
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R12N 6 -1. N,N /CH3 H2N 7 -1 R12-N H2N 8 N H2N \  W2N H2N 10 ,N 12 F(N H2N 11 st-I ,N
R12N H2N 12 -to .. -,S).----t% - N H2N 13

) , 0] ,
‘ 0]
_B S N/B R®
N RS . ‘ _B
\ /A N I N
N N N N J\
X X S Wbs X

AN “ Yo
Wqy Wy Wy
Formula X Formula XI Formula XII
RS o i
B
B e
2ILN/ RS ‘(I‘k N
/k S /k
& N X N X
Y, Y.
AN N
Wy Wy |
Formula XIII . Formula XIV

5 [00243] Any of the disclosed elements and their substituents for the compounds of Formula IX can be used in any

combination.
{00244] In one aspect, for compounds of Formula IX, X, X1, XII, Xl or XIV, B is alkyl or a moiety of Formula II;

R‘l
@ (R3q

Formula II

e

10 wherein W, is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl; R'is H, -F, -Cl, -CN, -CH, isopropyl, -CF;, -OCH;,
nitro, or phosphate; R? is halo, hydroxy, cyano, nitro, or phosphate; q is an integer of 0, 1, 2, 3, or 4; R* R®, R7,and R®
are H or methyl; X is absent or (CHy),; zis 1; Y is absent, —N(R9)~, or —-N(R®%) CH(R®)-; R® i; hydrogen, C;-C;oalkyl,
C;-Cseycloalkyl, or C;-Coheteroalkyl; and Wy is pyrazolopyrimidine or purine.

[00245] In another aspect, for compounds of Formula IX, X, X1, XII, XIII or XIV, B is alkyl or a moiety of Formula

" 15 1l wherein W, is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl; R!is H, -F, -Cl, -CN, -CHj, isopropyl, -CFj, -
OCHs, nitro, or phosphate; R? is halo, hydroxy, cyano, nitro, or phosphate; q is an integer of 0, 1, 2,3, or 4; R*,R%, and
R’ are H or methyl; R®is H; X is absent or (CHy),; z is 1; Y is absent or —N(R’)-; R® is hydrogen, methyl, or ethyl; Wy

I

PisYact

heterocycloalkyl, cycloalkyl, cyano, amino, carboxylic acid, alkoxycarbonyl, or amido.

; R'!is amino; and R'? is H, alkyl, alkynyl, alkenyl, halo, aryl, heteroaryl,

20 [00246] In another aspect, for compounds of Formula IX, X, X1, XI1, XIII or X1V, B is 2 moiety of Formula II
wherein W, is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl; R'is H, -F, -Cl, -CN, -CH3, isopropyl, -CF3, -OCHjs,or
nitro; R? is halo, hydroxy, cyano, o nitro; q is 0, 1 or 2; RY, R®, and R are H or methyl; R® is H; X is (CHy)s zis 1; Y
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.11,,0H3, NNN....-- /t-C"----- R12N‘H2N 14 its,,CH3 NINN A\)----c"--- R12N H2N 15 N,NN.... .--

N)------ "..- R12N H2N 16 1'0 Nro . _t-rj 17 H2N kr.CH3 /s.rN\___, R12N N-NNrThO 18 its_i",CH3 N
N Nro R'2-N H2N N [-12N

M
NN
/ N
R‘lz \
=N
is absent and W is: R : R''is amino; and R"? is H, alkyl, alkynyl, alkenyl, halo, aryl, heteroaryl,

heterocycloalkyl; or cycloalkyl.
[00247] In another aspect, for compounds of Formula IX, X, XI, XII, XIIf or XIV, Bis alkyl or a moiety of Formula
I wherein W, is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl, R! is H, —F, -Cl, -CN, -CHj, isopropyl, -CF3, -OCH;,
5 nitro, or phosphate; R? is halo, hydroxy, cyano, nitro, or phosphate; qis 0, 1 or 2; R, R®, and R” are H or methyl; R%is
P
NN

i / N
Y
==
H; X is (CHy);; zis 1; Y is absent and Wy is: RM : R" is amino; and R'? is H, alkyl, alkynyl, alkenyl,
halo, aryl, heterbaryl, heterocycloalkyl, cycloalkyl, cyano, amino, carboxylic acid, alkoxycarbonyl, ot amido.
[00248] In another aspect, for compounds of Formula IX, X, X1, XII, XI1I or XIV, B is alkyl or a moiety of Formula

II wherein W, is aryl, heteroaryl, heterocycloalkyl, or cycloalky?; R'isH, -F, -Cf, -CN, -CHs, isopropyl, -CFs, »OCH;,
10 nitro, or phosphate; R? is halo, hydroxy, cyano, nitro, or phosphate; qis 0, 1 or 2; R*, R®, and R” are H or methyl; R®is

\
RPN

N)_\g’jN\

= H

H; Xis (CHp),;; zis 1; Xis (CHp) zis 1 Y is-N(R®)-; R’ is hydrogen, methyl, or ethyl; and Wy is

[00249] In another aspect, for compounds of Formula IX, X, X1, XII, XIH or XIV, B is alkyl or a moiety of Formula
II wherein W, is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl, R'is H, -F, -Cl, -CN, -CHs, isopropyl, -CF3, -OCH,,
nitro, or phosphate; R? is halo, hydroxy, cyano, nitro, or phosphate; qis 0, 1 or 2; RY, Rs, and R’ are H or methyl; R®is

\eee H
15 H; Xisabsent; Y is —~N(R9) CH(R®)-; R® is hydrogen, methyl, or ethyl; Wy is: N .

R® o]
Wﬂz AN N/B
[
WA 2
8\\Na"' H ?HZ
8
TN
| N
R12 /
S
HoN HaN
Formula 1-A Formula 1-B

[00250} Illustrative embodiments of Formula 1-A and Formula 1-B are provided, wherein R is selected from any of
H, Cl, F, or methyl; any of W, is elected from CH, N, C-CN, or C-OCHs; any of W,’ is selected from CH, N, C-CF;,
20 or C-CHj; any of W,* is selected from CH, N, or C-CF;; any of R®* selected from H, Me, or Cl; any of B as described
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19 "--i N,NrO \\"...-/ R12N ii2N 20 is' "SN\ CrLrNH NY-N R 1 2 21 NN, "ONr.--"\ 1---(LiINH t R12 22 1
'NHN.---\NH N__ N1 Ri223 1 HNNH NN 1 R12 24 TACH3,N

in Table 1; and any of R™ as described in Table 2. The compounds of Formula 1-A and Formula 1-B can contain any
substituents specified under R®, W,2, W,>, W,*, R®, B, and R'2. The specific embodiments described in no way limit
the invention, but are descriptive of the compounds of the invention. Some additional exemplary compounds of
Formulas 1-A and 1-B are illustrated in Table 5.

5 | Table 1. IHustrative B of a compound having a structure of Formula I, IV, V, VI, VIL, VIIL IX, X, X1, XII, XI1I, or

XIV.
Sub- B i Sub- - B Sub- B
class class class
# # #
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Table 2. DNiustrative R'? of a compound having a structure of Formula I, IV, V, V1, VII, VII1, IX, X, XI, XII, XIII, or

XIV.
Sub- R Sub- R” Sub- R"
class class # class #
#
12-1 -CN 12-2 -Br 12-3 -Cl
124 | -CH,CH, 125 | -CH, 12-6 | -CH(CHy)
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[06251] Illustrative embodiments of Formula 2-A and Formula 2-B are provided, wherein R? is selected from any of
H, Cl, F, or methyl; any of W,? is elected from CH, N, C-CN, or C-OCH; any of W,’ is selected from CH, N, C-CF;,
or C-CH;; any of W,* is selected from CH, N, or C-CF;; any of R®#* selected from H, Me, or C; any of B as described
5 in Table 1; any of R'? as described in Table 2, and any of X-Y-W, as described in Table 3. The compounds of
Formula 2-A and Formula 2-B can contain any substituents specified under R, W2 W,,3 AN R%,B, R', and X-Y-
Wg. The specific embodiments described in no way limit the invention, but are descriptive of the compounds of the

invention. Some additional exemplary compounds of Formulas 2-A and 2-B are illustrated in Table 5.

R3 0 R3 0
W27 NS N8 W N—B
I Il
AN WA AN A
P w,e HOX W,* X
RS 1 i R8 ¢
\ N

Wd Wd
10 Formula 2-A Formula 2-B
Table 3. Exemplary X-Y-W, for a compound having a structure of Formula [, IV, V, VI, VII, VIII, IX, X, XI, XII,

X111, or XIV.
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100252) lllustrative embodiments of Formula 6-A are provided, wherein R3 is selected from any of H,
Cl, F, or methyl; any of B as described in Table 1; and any of 12.12 as described in Table 2. The
compounds of Formula 6-A can contain any substituents specified under R3, B, and R12. The specific
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[00259] The chemical entities described herein can be synthesized according to one or more
illustrative schemes 5 hereln and/ or technlques well known in the art. [00260] Unless speC|f|ed to the
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Formehadlo4 is cohverted to

an amide using, for example, a standard amide coupllng reagent, such as EDCI. The product, a
compound of Formula 105, is isolated. Referring to Scheme 1, Step 5, a compound of Formula 105 is
converted to the corresponding amide using, for exaple, chloroacetyl chloride. The product, a
compound of Formula 106, is isolated. Referring to Scheme 1, Step 6, a compound of Formula 106 is
10 converted to a compound of Formula 107, using, for example, acetic acid. The product, a
compound of Formula 107, is isolated. Referring to Scheme 1, Step 7, a compound of Formula 107
undergoes a displacement at the chlorine when reacted with a nucleophile and a base, such as
pyrazolopyrimidine 108 and potassium carbonate. The product, a compound of Formula 109, is
isolated. Referring to Scheme 1, Step 8, a compound of Formula 109 is coupled with an aryl or

heteroaryl boronic acid or boronic acid derivative such as, for example, a borolan, using, for example,
15 nalladinim catalvizad coirinlina conditione The nrodiicet a comnniind of Eormiila 110 ic ienlated



Reaction Scheme 2 1002691 Referring to Scheme 2, Step 1, a compound of Formula 108 is converted
to a compound of Formula 202, for example, via an alkylation of a compound of Formula 201. The
product, a compound of Formula 202, is isolated. 20 Referring to Scheme 2, Step 2, a compound of

Formula converted to-a-compound of Formula 203 fore The product,
a compo Ad of Fb’nmﬁﬁzos, is isolat¢d Reféﬁd’r:é] to Scheme 2, ormula 203

is cyclized to a fuinazolne gf Formula 205,|for &, via seal pmpound of
Formula 204 and a d hyméting agent, such as Clg,NThe produg ormula 205, is
isolated. Reactipn 83 25[00270] Refernireg 0 Scheme 3, p compou ¥ormula 109 is

converted to a gomppu q of Formula B02, fpr e%ﬁ‘r‘ble, via a Sor] agashira"&p, ing with & compound
of Formulgs301] The gwpauct, a compoegd f&FoTEnuia 302,15 1so[aed. [ T00P 71T Referring to Scheme
4, Step |, ja comp’éFI nd of Formula 407 is copvefted to a ¢pmpound of H ula 403, for example, via a
twO step upling with a cpmp ormula #02, follo H\W’écid catalyzed 5
cyclizatiop in methank]. Jine product, & compou ormula 403, is isolatedzReferring to Scheme 4,
Step 2, a compounh{\gt\J ormula 403 i$ converté‘qL compound|of Fofmula-404, for example, via
reaction vy propriatety substitgqted-amitimeTHeproduct,acomppund of Formuta 404, is
isolated. Referring(to {cheyae 4, Stepj 3, a compound of Formula 404 is converted to a cgmpound of
Formula 405, fgr ex rnﬁié, though rej:ctior with lithium aluminurE hydfide. The product,{compound

of Formula 405 is | Bd. Referring to Scheme 4, Step 4, a 10 compgund of Formula 405 is
converted to a comBemmnd of Formula 106, for example, via reaction with thionyl chloride. The product,
a compound of Formula 406, is isolated. Referring to Scheme 4, Step 5, a compound of Formula 406
is converttastd Huamstnprméreshi e Famnaa o et aresmprenfa intreplet for amtiaf 8 ST olopyrimidine
using a bastylsughf asspiotaidsiimTarrbentte off iyrsulivet ind dtrapBunenpfRGRfisadOrAisisolated.
Referringéfafehaogituend s@tapdendredBpatrit T FpesiidabdOiieits eanitedtie doteagiaonmpound of Formula
408, fos exRmMSu\ia AsSHRKIE 1RACHEN 3 Ho et UStme Q8NRe wRE L FoHmua: 408 risiisolated.
Reaction Scheme 2:4R3R3.4 00H COCICOCI ROCI R4ArNH2 Step 1BrStep 2 502503 507 Step 8
[00272] Referring to Schemes, Step!, a compound of Formula 501 is converted to a compound of
Formula 502, for example, with a reagent suitablcc-:-)for introduction of an acid chloride, for example,
wady! chloride. The product, a 5 compound®f Fgfmula 502, is optionally isolated. Referring to Scheme
5, Step 2, a compound of Formula 502 ety a compound of Formula 503 for example,
reaction with, for example, an aryl amine. rodyct, & compound of Formula 503, is isolated.
Referring to Scheme 5, Step 3, a compdundyof Fermula$893 is converted to a compound of Formula

504, for example, via a Stille coupling usingtan aﬁp;g?#—g;hlvinyl-stannane. The product, a compound
teg 4,

of Formula 504, is isolated. Referring to Scheme 5, compound of Formula 504 is converted
to a 10 tertiary amide, a compound of Formula 50&2via gion with chloroethyl acetate and sodium
hydride base. The compound of Formula 505 is isolaiggi Referring to Scheme 5, Step 5, a compound
of Formula 505 is oxidized to an aldehyde, usjng, for example, osmium tetramdde and sodium
periodinate. The product, a compound of Formula 506, is isolated. Referring to Scheme 5, Step 6, a
compd&nd of Formula 506 is converted to a compound of Formula 404, for example, though aldol
reaction iftHAHuIHN FRbpLSEt S Erada S afPearabtatE This Sﬁ\‘é’ﬂﬁ%‘f,‘“é“é@mbéi’xﬁ(?’of 15 Formula
404, is isoritdcrRERayingrierde ftnd 5YSERD Thish Eerspesiive ofFORr RIS ROY: e ré8d 3 a primary
alcohol viastaguotioblaitihfomexars pi@otibin S ahnmitrimanh ydsigentonrbeLivesRGBakpoahd of Formula
405, whiati?isnisgloirdnRefaringtaisaheimeplibtep il aieopourdofifof Miuienddbdstbnverted to a
compqayinghakiFO NI R BA%YiRFaRE e pwithscarbanidairabro nidatranstiphenylphosphine. The
compound of Formula 507 is optionally isolated.ql'his compound can be a central intermediate in the
synthesis of the compounds of the invaptiofl, 20/ Reggction Scheme 6: 108 1002731 Referring to
Scheme 6, Step I, a compound of Formu , Syhthesized as described in Reaction Scheme 5 is
converted to a compound of Formula 4 ing-Hith a compound of Formula 108 in the
presence of base, for example, potassium rg butgxidg. Thg compound of Formula 407 is isolated.
Referring to Scheme 6, Step 2, a 25 compound of For)%t&@O? is converted to a compound of
Formula 408 via coupling with, for example, an aryl kﬁqg C Eqid, in the presence of coupling catalysts
and base, for example, palladium acetate, triphenylphothine and sodium carbonate, for example.
The compound of Formula 408 is isolated. 700  -53-




1002741 Referring to Scheme 7, Step 1, a compound of Formula 701 is reacted with a compound of
Formula 702. The product, a compound of Formula 703, is isolated. Referring to Scheme 7, Step 2, a
compound of Formula 703 is 5 reacted with an optionally substituted purine such as a compound of
Formula 704. The product, a compound of Fopnula Z@%, is isolated. Reaction Scheme 8: Ra  [002751
Referring to Scheme, 8, Stedp 1,a com Olél_%g of Form‘%JNla}‘801Ri§, treatteddfrwith area ent such as thionyl
chloride 138 hIBHIRE TRSHEEUNEST ormuafﬁgpé(iﬁf3 FERT S ISSTSTe  ReR Mifg T’ Eheme 8, Step 2,
a compomsErbREGHRH e destEdn e dotfau AR of Rish RSO BRrd e ShthEdfTiihdresence of base.
The produetpandestsouics-62 Formiia BOmbittigwiaesificRuferRng. i8S HbmesdicSrbpidieatscompound of
Formula 8Q4itsdcomvesteditteancariapourac dddriptima o an80bponhial tis iseldtedsdreastiomiScheme 9:
(R2),'NI-l2ef RO Nr3teRsbOOR Bier 2arihirated :5k64901902 171  Step 6rOH Step 7 rBrStep 8
909911 1002761 Referring to Scheme 9, Step 1, a compound of Formula 104 is reacted, for example,
with sodium nitrite and 5 potassium iﬂdide ndef acidic conditions, to produce a compound of Formula
901, which can be isolated. Referring t e SBtep 2, the compound of Formula 901 is converted
to its acid chloride by reaction with, for ghloride, to obtain a compound of Formula 902,
which can be isolated. Referring to SBhemg 9, Step 3} the acid chloride of Formula 902 is reacted with
an optionally substituted amino- aryl or antino- hetary#iRéonmqund 903, to yield a compound of
Formula 904, which is isolated. Referring to Scheme 9}3‘%/’% the compound of Formula 904 is 10
coupled, for example, with an ally] stannane, to prodtﬁ{é_e:a omppund of Formula 905, which is
isolated. Referring to Scheme 9, Step 5, the compoun olNFormula 905 is converted to its epoxide by
treatment with, for example, metachloroperbefig@idade, to yield a compound of Formula 906, which
can be isgiessy IRefevsingdinBSehe e SR pdriri¢csompoRid sikfarmuladd6liSidyetized by
treatmgnind@yiaxasmple ssadhitana Tudricedang iTethylidornamideorn btaivaaampourd of Formula 907,
which is isolaieds Referingde.Schema,Qusiehd sHheRrimnaw nydroeytelibencamparad of 15 Formula

907'is Coqﬁ\é%@ﬂntma@ Rromide. Ay TRt Rk [l S X AMRIS AN G RARS I alomids.and
triphenylp osgﬁ)hlne, torpr%d}uce Fs%qgégglynd 0 .Fg)armtgla 908, whiich is isolated. Referring to Scheme 9,
a [

Step 8, tHEEERTHSTRYOf Eormu $'coup é%loto a pyrazolopyrimidine of Formula 108A by
treatment, for example, with potassium garb nat¢ in dimethylformamide, to yield a compound of
Formula 909, which is isolated. Referring emé 9, Step 9, the dihydroisoquinolone of Formula -
909 is coupled with an optionally substity af8ryl boronic acid of Formula 20 910 to produce
a compound of Formula 911, which is isolat N

aw
\—y H

15 Formula 6-D
[00256] Iliustrative embodiments of Formula VIII are provided, wherein R? is selected from any of H, Cl, F, or
methyl; any of W,2 is elected from CH, N, C-CN, or C-OCHj; any of W,2 is selected from CH, N, C-CFs, or C-CHj;
any of W,* is selected from CH, N, or C-CFj; any of B as described in Table 1; any of R'? as described in Table 2, and
any of X-Y-Wj as described in Table 3. The compounds of Formula VIII can contain any substituents specified under
20 R}, W,z, w2, Wi, B, R', and X-Y-W,. The specific embodiments described in no way limit the invention, but are

descriptive of the compounds of the invention. Some additional exemplary compounds of Formula VI are illustrated

in Table 5.
R3 0
Waz \ N —B
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Was\ = X
a N i
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Reaction Scheme 10: R4 0Step 540 om R1Ne)2 1006 Steps,N WNo2(R2),, 1007 5 1002771
Referring to Scheme 10, Step 1, a compound of Formula 1001 is treated with a sodiuni acetate and
acetone, The product, a compound of Formula 1002, is isolated. Referring to Scheme 10, Step 2, a
compound of Formula 1002 is cyclized to the c&grre%ding pyrazole, for example, with hydrazine in
acetic acid and water. The product, a compound"cl)uil ormula 1003, is isolated. Referring to Scheme 10,
Step 3, a compound of Formula 1003 is, for example, alkylated using dimethyl sulfate. The product, a
compoun@BF T drin eryidd@s cqBrapa Rl eh DR TS PRI O SRR ere eETrriSTslstare Boedtapbund of Formula
1004 is nittetedR’ sintstéd Fexdimpitylasolutiomdfisitriedcid s uiiirendcid Féeqntdmct! a compound
of Formnsulgt it eh&tiisointed, RefaringmorSeitenay bOR'Sepdxddeom ppaNdeof Fanpttasha)s is
saponified, L3iRgiRDASH1, MG HE S LBy iaxidr: i RRc-RIdH, AeanRRURGRRFEBWa 1006, is

- Isolated. Referning g Schems 1y, 215R 8 SaBRURd 8f HmladR08.$41s caRusHHdo an acid
chioride using. ShoDY,S0GH0Men [EEeR wilh.an.apRigpriaiely SUbsuieq anting (orereate the
corresponding amide. The 1% product, a cor pouna of Formula 1007, is‘isolated. | @ferrlng to Scheme
10, Step ?‘f‘%’%@?ﬁ'ﬁ%‘i’?&ef)‘f‘ EOYRI R 167 Rk BttRE T8 NG RbFSSBBHAR Y BRIMB SYraTSle using
hydrod@nadiseresrrairleneonaerd af EoagleatAyet-Bhhaepiettict i épound of Formula 1008, is
isolated. Refserring todScheme 195 Step &a compowgd of Fopmula 1008 is cyclized to the

corresponding quinagplinone using conditions syich ag chlorgacetyjchloride and acetic acid. The
product, a co d ofNeormula IS i i1g to-@Cheme 10, Step 9, a compound of
Formula 1009 is cpupled 20 with\a pyrazologyrmidi 108, for example using conditions
such as potaspl ~kheproduct, a compound of Formula
1010, is isolgted. Ref@rring* to Srheme 1Q,Step 9, &k€ompou f'Formula 1010 is coupled with an
aryl boronic acid of F%rmuhé\of 910, for exampl¥, using pallaﬁium dcetate catalysis, in the presence of
triphenyl phosphine and sodi¥n carbonate in DMfsto produce a comfoupgnpizermula 1011. The
product, a compound of Formyla 114, is isolateg, 25 sReaction Scheme 11: RL,COOH NH2 R5
COOEt NS\ NHCOOPh 1105 Stecp 6 R5COCI N?N H2 110611071108 o

R\ "\ "\
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N R:R2)aet!) - N1t4 4 OHR5 N c._?..-N 1113tiLI NINN NS N CI, /, Step 10Ar-N H2N 11121114
1002781 Referring to Scheme 11, Step 1, a compound of Formula 1101 is reacted with potassium
thiocyanide in acetonitrile to produce a compound of Formula 1102, which can be isolated. Referring
to Scheme 11, Step 2, the compougld of Formula 1192 is reacted Witg a conjugated ester of Formula
1103, to produce a compour{d of Fprmula 10‘{[104, hich is iSQIated. Referring to Scheme 11, Step 3,
the compound of Formula 11844 iz&d, fo Ay treatingitw ifrr®bromine in ethanol, to
obtain a thiazole of Formn 10%, whichR5Ts

Formula 1105 is deprotected ; A
to yield a compound of Formula 11&)56, which is isolgied. Referring to Seheime 11, Step 5, the ester of
the compound of Formula 1106 is sapoﬁ'if d with, for exghwle, sodium hyBioxide in water, to produce
the 15 compound of Formula 1107, which i$ isolated. Referrl"ng to Scheme 1%, Step 6, the free acid of
the compound of Form@tat4&is converf@tt fHE acid chidrfd@ By fteating it with, for example, thionyl

amino- aryl or amino-hetegoaryf compoynd oft-orfnula ¥109, to a c§mpound of Formula 1110,
which is isolated. Reférring to %chepie 1,S imary 20 amine gf the compound of Formula
1110 is reacted with a halo'é[lcyl chloridg, for exampld; chl oacet§| chlofde Mx-69- pyridine and
methylene chloride to pré&uce a amp@und"o‘f Formgta 1 l11, Which is | t%d. Referring to Scheme
11, Step 9, the compound of Formula 1’_bw. is cyclized by, fq;\,example, heatin\s&,\i/n a sealed tube in the
presence of phosphoryl chloride, to yield a’compound of Fornula 1112, which is‘isolated: Referring to
Scheme 11, Step 10, th&MlaZ8lopyrimidone coftpBtiaf FormulZ°T42P® reacted with an
pyazolopyrimidine of Foumula 1913 in the presence 5 of a bage, for éxample potassium t-butoxide in
dimethylformamide to produce corpgound\,@f Fo ula/]a114,w_?ich is@@ted. Reaction Scheme 12:
--RW12N 1210111 N[O%?Q eferrind'to Scheme 12, Step 1, a

compound of Formula 7 Ilcﬂ%ejf with

product, a compound of Formu Ql 1214, is isOlated.]Reaction Schemefl3: "$3041305 1002801
Referring to Scheme 1R Step 1rt@a co#npoﬁnd of Fe?mul& 1307 is firsichn\éerted to an acid chloride
using thionyl chloride, then reacted Wifl‘wgn appropriately\wpstituted aniline\;];pe product, a compound
of Formula 1302, is 15 isola‘ted. Referring to Scl}emqa:lg;[, Step 2, afcorq%)qgnd of Formula 1302 is

cyclized to the correspoRding thieno-pyrimidinona. Tor example, with chloroacetyl chloride in acetic

[¢)
acid. The product, a cdkcpoun of R4 0 R4
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Formula 1303, is isolated. Referring to Scheme 13, Step 3, a compound of Formula 1303 is, for
example, alkylated using an appropriately substituted pyrazolo-pyrimidine. The product, a compound
of Formula 1304, is isolated. Referring to Scheme 13, Step 4,a compound of Formula 1304 is, for
example, arylated using an appropriately 20 substituéed boronic acid. The product, a compound of
Formula 1305, is isolated. '--NH 511002811 Referring to Reaction Sclieme 14, Step I, iodo ester 1401,
is reacted with an allcyne 1 [ ~coppBer iodide and triethylamine
(TEA) to couple the allgs 7140 to piod co pouNd of Formula 1403. The
compound of Formula 1403\ '
Formula 1403 is treated with potagsiumthydroxide b set obtain the o*ylic acid, a compound of
Formula 1404, if the reaction prodﬁ?:t isvqcidified, or fts sakt, The comdgundqu Formula 1404 is
isolated. Referring to 10 Reaction Schem®:l4, Step 3, a coMpound of Formu¥ 1404 is treated with his
(acetonitrile)dichloropallaghtim ¢bk) and TEA to eflestinsramolecularsingasiosure to produce a

: %
Scheme 14, Step 5, a compou d of FormuT‘é\ 14

protecting group on nitroge$, antkT5tg obtaif a ¢
Formula 1407 can be isolated. Réa‘errilhg to Reactiga Sclieme 14, Stgpts, A compound of Formula
1407 is reacted with a compound of F&g)ula 1408, to progice a compouﬁd f Formula 1409. The
compound of Formula 1409 is isolated. R&action Scheme 15: R30 R30 14%-12N, Step 4

15041505 [00282] Referfrtgiit’REaction Schemd 888 1, iodo €St8P#40is reacted with allcyne
1501 in the presence Qg pallad@m couplir&g catalys, copper igdide, arfl TEA, to obtain a compound of
[ [ Reagtion Scheme 15, Step 2,
lum hygfoxi 5"to obtain the carboxylate or

the compound of Form 2 iSNfeated
free acid of a compounq of flormula 1503.
Formula 1503 is treated $ith big{a ,;tonitril@ dich
ring closure to produce a compgund pf Formula 1504. THe compound @fHFoimula 1504 is isolated.
Referring to Reaction Scheme 15, Stép 4, the compound(‘af Formula 1504 iS\reated with a primary
amine to product a compound of Formif¥a 1505. The compé%i‘nd of Formula 1505 is isolated.
10Reaction Scheme 16: ituR8 AFt3 0 WPM/3)202#rd{ ReICN)2C 1 2FGuilaPBAOMeKOH,OHTEA Step
IStep 2Step 3 /603/ THP rca HN 36041606 /5041605/ THPTHP [002831 Referring to Reaction
Scheme 16, Step 1, iodo ester 1401 is r%acted with cyng 1601 in thg presgnce of palladium coupling
catalyst, copper iodide,Rgnd [ ounadnof For 602nThe compound of

L] i ¥
H
RS R8 RS
Y\ Y\ Y\
Wd Wd Wd
Formula 9-AK Formula 9-AL Formula 9-AM
0
B
\
X
R7 RB H \l,
AN
Wy

10 Formula 9-AN Formula 9-AO Formula 9-AP
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15 Formula 1602 is isolated. Referring to Reaction Scheme 16, Step 2, the compound of Formula
1602 is treated with potassium hydroxide base to obtain the carboxylate or free acid of a compound of
Formula 1603. Referring to Reaction Scheme 16, Step 3, the compound of Formula 1603 is treated
with bis (acetonitrile)dichoropalladium (11) and TEA to effect intramolecular ring closure to produce a
compound of Formula 1604. The compound of Formyjla 1604 is isqjated. Referring to Reaction

Scheme 16, Step 4, the 8f Formula 8 iS Leaﬁed with ayri armine to 20 produce a
compound of Formu 05. Th; ompou Fo |'nuI91605 is isoldted] RefE rring to Reaction
Scheme 16, Step 5, the Eompeliny,of FormulaM605+48 treated with gei ve the THP protecting

gimp to obtain a compound of For@ula 1606. The compou\hd of Forkhula 1606 Ll(s isolated. Reaction

Scheme 17: Step 1 [002841 Referriyg to Reaction Schem\aw}?, Step 1 the comgpund of Formula

1701 is synthesized ba/ a variety of synthetic routes, includinngariation§ of §cghe§nes 1 or 2 where, for
ormula 9-AQ | . ormula 9- ormula 9-A

example, a benzyl amine’is useéd in the step of converﬁrr’lg a compound of Formula 403 to a compound

of Formula 404. The benzyl protecting grolip ofcghe amine may, be remoyed by standard deprotection

chemistry to produgg a compound of 1801. Thejlcompound of Formula 1XQ1 i§5 converted to a

compound of Formula,170 alBylationyaf the B nitrogen r of 2-carbon containing
synthons which can ted, oxid eprotected as\the fespective ketal, the compound of
Formula 1702, Which\g golated. Reterring eaction Schetne 17:NSte £-1, the compound of

Formula 1702 is transformed by, for example, reductive amination of the ester jnoiety to introduce the
purinyl moiety of a compound of kormula 1703, or alternatively, is allcylated to¥sg introduce a purinyl
moiety and obtain a compound of Psrmula 1703. Referyitag to 10 Reaction Scherdé& 17, Step 3.1, the
compound of Formulagk#@3datreated with aciddgm@imaove the ketal protesfing-group to produce a
compound of Formula 17q4. Thg compound of Formula 1704 is isolated gReferring to Reaction
Scheme 17, Step 4-1, thé\comp und of Formula 1704 is reductively amifjated with an amine to

produce a compound of F ze@. The compoupd of fsormul iSigdlated. Referring to

Reaction Scheme 1R’ 2-p, thel.compo f Fprmula 1702 I trarjsformed by, steps 7 and 8 of

Scheme 5 and step 1 of Sefieme; introduce azolopyifniding“moigty of a compound of
{

Formula 1706. The compound of Forxnnula 170¢'is isolated’ Referfing to Reactjon Scheme 17, Step
3-2, the compound of Formula 1706 i&{reated with acid to%emove the ketal pr&ecting group to
producé a compound .of Formula 1707.%he compound of Fottnula 1707 can be Rolated. Referring to
Reaction Scheme 17, Stepur-2AiMe compound demsindutd 1707 is rede@tiety Eminated with an amine
to produce a compound of Formula 1708. The compound of Forfnhula 1708 is isolated. 20Reaction
Scheme 18: H2N [002851 Referrﬁﬁg to Reaction Scheme 18, Stgip 1, tge compound of Formula 1701
is synthesized as described in Sc gVény other génerglly f/vn chemistry. The compound of

Formula 1701 is transforme Icyl@tion pf the amide xitroden with a number of 2-carbon containing
synthons which can be deprotectet;a erted to the’?5 alkexy gotected species as shown in the
compound of Formula 1801, which can be iso)fated. Reftring to Reaction Scheme 18, Step 2, the
compound of Formula 1801 is converted via chemistry described in Sf(ep 2-1 of Scheme 17 to
introduce a purinyl moiety, and that resultant coW‘fpound is transformed %{9 deprotection, activation and
amination with an amine to produderaudmdound of Formuf&™882Bdvhich is isolated. 1002861
Referring to Reaction Schemg 18, Step 3, thgecomppund of Formula 1801 is converted via chemistry
described in Step 2-2 8( Scheme 17 to introdqsce a pyrazogopyrirnidine pioietygand that resultant
compound is 5 transfor, Fotection, Activation¥ind amirgfitio with 'an amine to produce a
compound of Formula¥{803, Whi%h is isolate 19 HRO9 N N N N, THP 1906
19041905 Step 3 10 [09287INRefsring to ReAction chelne 19, $tep |, the csmpound of Formula
1901 is treated with afi’ amine to pdpduce a gompound of ‘r'ormuﬁza 1902. The ¢ompound of Formula
1902 is isolated. Referring to Reacﬁw;n Scheme 19, Step 2\,m}ge compound of F\twgnula 1902 is treated
with phpsphorus oxychleride to generate a compayng.af gfeormula 1963, [hg.ggmpound of Formula
1903 is isolated. Referring to Reaction Scheme 19, Step), the compound of Formula 1903 is reacted
with an amino purine of Formula 1904 to obtain a compound of Formula 190$. The compound of
Formula 18/%808% UBTEILE RTRpuiAg Y& B HE RS S EhR M ™ &ep 4, the compound of Formula
1905 is treated with hydrochloric acid to remove the protecting group at nitrogen on the purine moiety
to produce a compound of Formula 1906. The compsgtind of 1906 is isolated. Reaction Scheme 20:
140120022003 20 [00288] Referring to Reaction Scheme 20, Step 1, the compound of Formula 1401
is treated with vinylogous ester 2001 using, for example a Heck reaction with subsequent cyclization,
to produce a compound of Formula 2002. The compound of Formula 2002 is isolated. Referring to
Reaction Scheme 20, Step 2, the compound of Formula 2002 is reacted with 4- amino N-Boc
piperidine to produce a compound of Formula 2002, The compound of Formula 2003 is isolated. The
compound of Formula 2003 can be used as an intermediate in the synthesis of the compounds of the
25 invention. Reaction Scheme 21:




140121022103 1002891 Referring to Reaction Scheme 21, Step 1, the compound of Formula 1401 is
treated with an allcynyl alcohol, for example, of Formula 2101, the presence of copper iodide and
palladium on carbon catalyst, to produce a compound 5 of Formula 2102. The compound of Formula
2102 is optionally isolated and optionally purified. Referring to Reaction Scheme 21, Step 1, the

compound of, Fogm 102 IS reaciethwith Boc piperidipe to proguc ompound of
Formula Zlﬁ«ﬁh ,F@J af;j?r ted.[Th§ c ?%[ SILF la 2103 can be
used as anlin di te inl heésis undp of the inentio 02901 Any of the
compounds of For lal,IV,V, VINVII VIII IX I ra, II of XIV can'be Eyn esized 10 using the
reaction schemes §s losed hegei cﬁ; variants f SE process WeII kmo the art. (002911
The chemical entlti'e‘gazzg by an appr ate cop n of ge er eII known
synthetic methods. & 1 I nﬁ‘e"embodlmentmzune or mor ject compowurds bind specifically
to a PI3 kinase or a protein kinase selected from the group conS|st|ig of mTog, ependent protein

kinase DNA ep@n %Pu med rotein a es nl;g%dt(P ) AAA79I184), AN
tyrosine kin MII kifiag€ (RPAN CN 1 69ﬁ§8it (PPAN
' CAA24495)l v a end rowth gieiz ptor AB8B826"9)Nvascular endothelial
growth factor | recep r2(PPAN 61&5‘) epi rrnal growthf togreceptor (® ’AO43241) EPH
receptor 34 (PPQ%_%&Z?;SZO) S cell factor Tegepyor (PPAN 272141) <L \aq¢protein kinase
receptor TIE-2 ( 02858¥Atins ted t)%gsm;rkmase 3 (PP INP_0f4 1 Y nplatelet-derived
growth 20 factor rec@btor alpha( PAN NP_99 Oéﬁ) RET (PPAI\PﬁAA73131f“ and any other protein
kinases listed in thg ded tables and figures, as well as any fun t|o mts thereof. In some
embodimentsWa subje oryp119a, 0, 8 is less than about |
uM, less than ut 100 nM, less t /abun@ \‘gﬂm abo less than 1 riM or even
N~

less than about™0. th\/lN In some ermbo a subject compoypd for mTor is less than

100 niVl, Ie:w an about 50 n s than abo t 1D N, 25 less than 1 nM
or even less than apdut 6= M In som ef"embodlme
dual binding speg /ltyHand ar apabl f Nlbltln

lon% or more sybjest¥ompounds exhibit
kindse (geg $1INP|3 kinase) as well as

a protein kinase’(e.g., mTor) with an I value less than abdut 1 uM, Ie han about 100 nM, less
than about 50 nM, Iegs than abo t 20 nM, less than 1 nM or even,jes ap bout 0.5 nM. One or more
subject compoyg g tyrosw& k| as ample DNA-dependent
protein kina:se / é‘OJ m??jase (P IRy s ion number (PPAN)
AAA79184), AN tyros e klnase ( 387), Bcr- Abl“ op0|et|c ce inase (PPAN CAI 19695), Src
(PPAN CAA24 lar d gro h factor j€geptor 2 (PFNA B82619), vascular
endothelial gF fac ﬁ\}rece N K ), @pidermal gro hctor receptor (PPAN

A643241), EPgbre or 34 AL23820) stem fctor recéfhabtbr (PPAN AAF22141),
Tyrosine-protein klnase receptor TIE 2 (PPAN Q02858), fms-related ine Icinase 3
ptor Ip {@N NP_990080), RET (PPAN

odime ks, The tyrosine kinase is Abl, Bcr-Abl,
les hereln. 'i 931 In some embodiments, the
{ invention xhlplts one or myre functional Gha ct,erlstlcs disclosed herein.
e |f®ally to a P}3 Tojatise. In some
, ®#By, or ph 05 is less than
ghM, less t about 10 nM, less than about |
nM, les$ than about™.5nM, less than 5 abouf‘TOOpM or less than abdut 50 plvl. 1002941 In some
embodiments,/oneor more of the subject compound may selectively inhibit one or more members of
type | or cla§s osilatidylinositol 3-kinases (P13-kinase) with an IC50 value of about 100 nM, 50

nM, 10 nM, $ , 10 pM or 1 pM, or less as measured in an in vitro kinase assay: 1002951 In
some embodimenys, one or more of the subject compound may selectively inhibit one or two members
of 10 type! or dass | phosphatidylinositol 3-ldnases (P13-kinase) consisting of PI3-kinase a,
P13-Icinase p, nkinase y, and P13-kinase 5. In some aspects, some of the subject compounds
selectively inhib P,IIS kinase 5 as compared to all other type | P13-kinases. In other aspects, some of
the subject éb'f‘npounds selectively inhibit P13-kinase S and PI3- kinase y as compared to the rest of
the type | P13-kinases. In yet other aspects, some of¢he subject compounds selectively inhibit
P13-kinase a and P13-Icinase 13 as compared to the rest of the type | P13-kinases. In still yet some
15 other aspects, some of the subject compounds selectively inhibit P13-kinase 5 and P13-ldnase a
as compared to the rest of the type | P13-kinases. In still yet some other aspects, some of the subject
compounds selectively inhibit PI3-kinase 8 and P13-kina.se p as compared to the rest of the type!
P13-kinases, or selectively inhibit P13-kinase 8 and P13-kinase a as compared to the rest of the type!
P13-kinases, or selectively inhibit PI3-kinase a and P13-kinase y as compared to the rest of the type |

P13-kinases, or selectively inhibit P13-kinase y and P13-kinase /3 as compared to the rest of the 20
e | P12-kinaceae 100270A1 In vt annthear acnact an inhihitar that calactivielvy inhihite Nnne or maore



1003041 The subject pharmaceutical compositions can be administered alone or in combination with
one or more other agents, which are also typically administered in the form of pharmaceutical
compositions. Where desired, the subject 20 compounds and other agent(s) may be mixed into a
preparation or both component be formulated into separate preparations to use them in
combination separately onat: sﬁe time. 1003051 In some empodiments, the concentration of one

or more of the unds’ tov ded in the ph u ical co irons of the|py s@ invention is less
than 1009  70%, 09 50%, 40%, o0 , 25 100806 ){n Some
embodim ; concentratlonl'o /orfe or more'o the ompounds pf'the present |n ention is greater

than 90%, 80%, F0950%, 5024, 4498, 30%, 2094 19.75%, 19.5094 0.05% 19963 875%, 18.50%,
18.25% 18%, 30 1255 696,84, 73UN5. 50% 5 250 §0, 4. %54, 5% 4.25%54T% & 75%, 3.50%,
3.25%, 3%, 2.75%yA.50%, 2.25%, 2%, HY5%al.50%, 12594, 1%, 0.5%, o\N 3%, 0.2%, 0.1%,

0.09%, 0.08%, 0.07%, 0.06%, O. 05% 0.04%, 8 03 35 0. 020 ’P@ , 0. 009% O 008%, 0.007%,
VIV

0.006%, 0.0050%6,0. /0 .008% 02%, 0 0 8% 0 nc §, 0.0006%,
0.0005%, 0. OO 00 00@?/0 r 0[00019 w/w 1@ 7 In some embodiments,
the concentration ofjone f the comipotinds of the presen mwen 6nY¥€ n the range from
approximately 0.0 /S)to approximaigly 50%, ap ately 0. % Jto apprq ly 40 %,
approximatgly 003% 0 approxi

y 30%, app X A)t appro im2 9%,
approxmat’é,t % to 40 apprekim tey28% ppr X|mat>lN 4% to@p roxm&tely 27%,
Y

approximately 0 05% to approxmateR/ 26%, apprOX|mater % to apprOX|mater 25%,
approximately §.07% fo approxmately 24%, approxmately 0.08% to approximately 23%,
approxim
approxim

0.4% to approxim 18%| af 0 9%
approxmatel;;'g%‘fggﬁrommate y ! 7% to apprOX|maer 15% appronmately 0.8% to apprOX|mater
14%, approxi ¥ﬁ1 9% to approx] f‘é}y 12%, approx 89tely 1% tQ n\mmately 10% w/w, wiv or
vIV.VvIv. 5 081 gh%;ng 5@ gonge N of one dg @of the compounds of the
present investion is in th ange’fromtapprommate'ly 00621% to approxﬁtat@ly 10%, approximately
0.01% to aprodlm Mvia%0, approximately 002% to approximately 4.5% approximately 0.03% to

2 oximately 004% to approximately 3.5%, approximately 0.05% to approximately
0.06% to approximately 2.5%, approximately 0.07% to approximately 2%,
approximatély 0. t0 approximately 1.5%, approximately 0.09% to approximately 1%, 10
approximately O. 1%'0 apprOX|mater osto WAN, w/v or v/v. 1003091 In some embodiments, the
amount of one orh{ﬁq egf the compounds of the present invention is equal to or less than 10 g, 9.5 g,
9.09,859,80¢g ,7.009,6.50,6.09.5509,509,459,4.09,359,3.09,2592.09,1.59g,1.0
g 0959g0.9¢q,0. 85 g, .8 g,0.75¢9,0.7 g, 0.65¢g, 0.6 g, 0.55¢g, 0.5 g, 5 > g, 0.49,0.359,0.3g,0.25
g,0.29g0.15¢9,0.1g,0.09g, 0.08 g, 0.07 g, 0.06g,0.05g,0 1 f) 02 g, 0.01 g, 0.009 g,

g 0. 0006 g 0. 0005 g. 0. 0004. Cg L 101 In some embodiments, the
amount of dne Pr p of the QUR han 0.0001 g, 0.0002 g,
0.0003 g, f 005 '@u 6 g,l0. o g, 0.0015 g, 0.002 g,
0.0025 g, 0:00%g 9 0035 g.0.004 g, . a,4, 0.0065 g, 0.007 g, 0.0075 g,
0.008 g, 20 0.g0ga3" &\P09g 0.00% 1g OQl'S 029 025 g, 0.03 g, 0.035 g, 0.04 g,
0.045 g, OW%%@OOG 06 g, 00_7ﬁ‘£9b08g @q@SQ,OOQg 0.095¢,0.19,0.15¢,
0.2 g, 0,25 g,tgq35g, Mgy 45g2:\059,055gHQu6g 0.65 gw0.7 g,0.759,0.89,0.85 g, 0.9 g,

0.959,19, 159,29,25,309,35,494509,509,5509,609,6.59,7g9, 7.59, 88,850, 9g,9.5¢g, or 10
g. 1003111 In some embodiments, the amount of one or more of the compounds of the present
invention is in the range of 25 0.0001-10 g, 0.0005-9 g 0.001-8 g, 0.005-7 g, 0.01-6 g, 0.05-5 8,0.1-4 g,
0.5-4q, or 1-3g. 1003121 The compounds according to the invention are effective over a wide dosage

~ range. For example, in the treatment of adult humans, dosages from 0.01 to 1000 mg, from 0.5 to 100
mg, from Ito 50 mg per day, and from 5 to 40 mg per day are examples of dosages that may be used.
An exemplary dosage is 10 to 30 mg per day. The exact dosage will depend upon the route of
administration, the form in which the compound is afitninistered, the subject to 30 be treated, the body
weight of the subject to be treated, and the preference and experience of the attending physician.
[003131 Described below are non-limiting exemplary pharmaceutical compositions and methods for
preparing the same. 1003141 Pharmaceutical compositions for oral administration In some
embodiments, the invention provides a pharmaceutical composition for oral administration containing a
compound of the present invention, and a 35 pharmaceutical excipient suitable for oral administration.
1003151 In some embodiments, the invention provides a solid pharmaceutical composition for oral

administration containing: (i) an effective amount of a compound of the present invention; optionally (ii)
an affectinvvie amoirint nf a cecond anent: and (i1 a nharmaceritical aveinient crnitahle for aral



is expected. An anhydrous pharmaceutical composition may be prepared and stored such that its
anhydrous nature is 20 maintained. Accordingly, anhydrous compositions may be packaged using
materials known to prevent exposure to water such that they can be included in suitable formulary kits.
Examples of suitable packaging include, but are not limited to, hermetically segleﬁlb,\plastic or the
like, unit dose containers, blister packs, and strip packs. 1003181 An active in re iept can be

combined in an intimate admixture withja pharmaceutical carrier accorgi cgnventional
pharmaceutica) ¢ dipg cmje?s. The alggelf an takeoa Wi riety of forms depending on
the 25 for ¢ atio I admyini foR1n pr compositiqng] (NJ}) an oral dosage
form, any sual ph ical me e empl carriers, suchas, Yo example,

water, glycols, oilsy alcohols, flav H¥g agents, preservatives, colph \agents, e like in the case
of oral liquid pr %ons (suchémpensions,u fons, and et syor aergsdjs; or carriers such as
starches, sugarsy o-crystalliﬁ@ lose, dilule'g sgranuladin, ents, Iubri@qénts, binders, and

disintegrating agents'can be used in the case of oral Solid prep'érations, in some 30 embodiments

without employing the)u\se of lactose. Foy e m/pm, suitableocaﬁ%ers include powders, capsules, and
9 .

tablets, with thg splidoral preparftiq) esited, tablefs ¢ n coated b%sta Nrht;‘leaqueous or

nonaque echniques.(1003191 Bin le for inlpharmacegutigal gompositions and

dosage forfisclude, but@aregnot limited to, co d(ch, potatd star otNer Starches, gelatin,
, g i "

natural and syntl Rlg n|Nc7 her alginates, powdered
tragacanth, guar X celigtdse, cellul etate,

DEd), polyvinyl oﬂzone, methyl
cellulose, pre-gelatinized stayChy hydroxypre ylo ine gellulose, and
mixtures thereof. 1003201 Exa’mples of suita%( fillers for usé in the phargaceuti¥al compositions and
dosage forms d%losed herein'ihclude, but are hot limited toﬁ’alc, calcium carbonate (e.g., granules or
powder), micrqgry @l dered 20 ose, dextrates, kaolin, mannitol, silicic acid,
sorbitol, stakc pre-gela I'siarsh, andSw ereof. 1003211 Disintegrants may be used in
the compdsitionsg of the i @A provi v at disintegrate when exposed to an aqueous
environment. Too tegrant may proguce tablets which may disintegrate in the -80-
bottle. Too little may b® insufficieht f r/&isintegra@?occur and may thus alter the rate and extent of

(e.g., et

%3
y??lethyl @
yhmethyl cellgloge, microcrys

release of the acivejngredient(s) fro the dosaljé f rmy Thus, a sufficient amount of disintegrant that
is neither too ligtle AdF too mugk. ﬂ'é"frimentally after the release of the active ingredient(s) may be
used to form the dosage forms of the compounds disclosed herein. The amount of disintegrant used
may vary BESSGTHBRRETS BIFORHTENGH ST M Begrast i Siatis A SR A55% readily
discernibleetr grg/Se EhHAEHAT SRIT iA T8é&art. About 0,5 to about 15 weight percent of disintegrant, or
about Ito #0210 Sniss Rytvifpéicbnontadistivteseptiont desralehisrein take pathet IhesphasceeitaBesmiyosition.
Disintegrantsnthashsadfub engs eshia doonm phaonaestieabcokipositigrsmndegosagestaams of the invention
include, by, afiennp! HnadoI BYaREAL ;AUMRIGREIH bRIGIHEpRALARAIE IiCEasRstall nggcellulose,
croscarmellgse SeAM, SroFRRVIAONE, POIAGIIN RAATSHTLSQENM REEGH Qw&%ﬁfﬁe&%@&mo or tapioca
starch, other starches, pre- 10 gelatinized starch, other starches, clays, other algins, other celluloses,
gums df rﬁ??fﬁ?éasb?ﬁel?eh%‘ffleOBZZl_ Lubricants which can be used to form pharmaceutical

compositiBSY TaedoEa SR BrmE B e e Fi B AT S B sy 2T iivfterrto e rdlion learate,
magnesiuts Seesiereine dsirded g piop s it SR B et Mkt c s8R Ethylene glycol, other
glycols, steahiciaiieh SHEHMitabribouifétel BME ) piirdoenattd pe gitéds|erdiflergnetreaiitioll,
cottonseegheaimaumniiowvetigihyseisans € UP ) ive dit, achin 104, Hncsseyliedan oi}pzing stearais, ethyl oleate,
15 ethylaysenien-a@alonoicsohstu resitheraal oAdslitional lwarsapisrsaciusleieie xaeaplg.a Syoid silica gel,
a coagulagad;aersnl Af syethelis silica afmixyesibessafA lubricant can optionally be added, in an
amount offizs AR ARRHL AWRIDbF RESeRILALIAS AbAMAGEMIERL EOTRARRIPG. HAB3ZAT When

aqueous suspensions. atgd/or elixirs ar, dtesweg or or; Iasa iminis eaHx(t)rgﬁotnhext(xaascgg)n;iatslmﬂlczgt\]/oe ingredient
therein m&y'B5& TSMBIEL Wh VArToUS Sweetening or havoring agents, coloring mater or dyes and, if
so desired°!yTr SHIBRTEANY AR SUEPERRTAY SJRATEY folemseritl SRR BItERY 4&vater, ethanol,
propyléheryrytnts gigrsdrfuivdrarfte Botrmrigtio StReEsteriors ea be et atitersccaitbe uncoated or
coated byekarpisrhdeiobatiguBsvEoed ofbey ddisirteigregitinanicehtissorpidireinatrsgustrdintestinal tract and
thereby provide a sustained action over a longer pettdd. For example, a time delay material such as
glyceryl monostearate or glyceryl distearate can be employed. Formulations for oral use can also be
presented 25 as hard gelatin capsules wherein the active ingredient is mixed with an inert solid diluent,
for example, calcium carbonate, calcium phosphate or kaolin, or as soft gelatin capsules wherein the
active ingredient is mixed with water or an oil medium, for example, peanut oil, liquid paraffin or olive
oil. 100325] Surfactant which can be used to form pharmaceutical compositions and dosage forms of
the invention include, but are not limited to, hydrophilic surfactants, lipophilic surfactants, and mixtures

thereof. That is, a mixture 30 of hydrophilic surfactants may be employed, a mixture of lipophilic
crirfactante mav be emnloved or a mivtiire of at leact one hvdronhilie erirfactant and at leact nne



-25 polyethylene glycol sorbitan fatty acid esters; hydrophilic transesterification products of a polyol with
at least one member of the group consisting of glycerides, vegetable oils, hydrogenated vegetable oils,
fatty acids, and sterols; polyoxyethylene sterols, derivatives, and analogues thereof; polyoxyethylated
vitamins erivatives thereof: oxyethylene-polyoxypropylene block copolymers; and mixtures
thereof; p %g%ﬂ %cﬁ‘g“'f%ofé%? .?a%%?ﬁf?“a%i‘ ‘esters gﬁﬁlﬁw%ﬁeﬁm&%‘%hé r§Jt0‘f_anrti |(§§eﬁ%n products of a
polyol witffsﬁivfggéi"sﬁ’gsﬁ?éml5°e‘P°6°fsfﬂ‘&"d?é’lfﬁ"&&%?;’l‘gﬂﬁlﬁbéf%“fﬁ&@&‘éﬁﬁ?&%‘ﬁé‘fﬁﬁé oils, and
hydrogen&teelevsgéidise biisrastd FoRisrmicy seglireis Ve ipeeropsnyattyisieylycol, sorbitol,
propyleneyishauly perramed for ety B satdlvatitezat 0831 etk Herindrabhifisaivneotinc sorfactants
includes watkaivthdi it e h sptifucatat, Btandd antyatac Bibtion O laditate, filntsd B stpatiade, PEG-32
dilaurate, fPEGrdiiQigRiGmbE-damfitatco BE frilbalgatenRRGrehdiolenta «RFfndr gleate, PEG-200
oleate, PEG-400 ql8alp, DECID.SIRAI AR « BEG AR ileai e REGAQ sI8AIAIRL EG-100 stearate, 35
PEG-20 di‘ll?ura%ge, PEG:‘c xg%ggr rlmtlrlg)eks-:-ag% 5€P§9-32 %lgrli(gate elgsEug;;--ZO Egrgycerty\!elggr%te, PEG-30
glyceryl laurate, ﬁ)ﬁfeﬁc g‘i ceryf steara e, - 63 g yceryiyg eate, - 8 %ﬁyeer)gf cﬁ’eate, PEG-30
glyceryl |StHSRSSSERS 6/ ﬁﬂ%‘é‘rﬁ BX PRI 876 A SR KA AT B “PRES I 1y P8y &hated castor oil,
PEG-40 Ja%¢l Bl Prrerdsdessdesiheninee &5-pHced s P aile P b A RyeHE e h el St OI™P EG-60
hydrogenttedresstdpgnitidReElosSisorn oil, PEG-6 caprate/caprylate glycerides, PEG-8
caprate/cgjporysptaas) yomeighamalboiygliyeayd-ilg tavpaiels REQs30ahalesteroimdrzG-240aBk, phyto sterol,
PEG-30 saydaNeiotnBRe-eohthinl aaie.RE G satitamplpaiedBiseSRinarbiaadamgate, polysorbate
20, polysQihataiPOn s AdalmlisiReyPOE-23 lauryl ether, POE-10 oleyl ether, POE-20 ley] ether,
POE-20, {5364 HHSrni2RaPh B ERG d0R sHGeRale B4 holesleralaluglyqenyl 001eate
Tween 40, Tween 60, SuCrose -,?32- ) monoslteara €,.SUCrose mono atl_lérate,bstlﬂcra%sie monopalmitate,
PEG 10-180 FHy PRl g LR e S B P et P R0 SaHas A poro CATneTE 1803321
Suitable I pHETRECEHERseLATEN ehs sl VB AP EoR RuiTHe S fatty alcohols; glycerol fatty acid esters;
acetylatedogA§t ctis| famguetsief bsvrrtidowebealabpizefatyr apiesresrerdinstiopsilisnergipdstifatty acid esters;
sorbitan fakiydBs aold estrsiipeljetride toifiyd ol ibomitamiat)iacidestersdsterdlgedmndssierol derivatives;
polyoxyethylatact stapolsiasrthsketalod erivaiy @scnpalyaihiy teneos yredalsy bathairs sapgads @sters; sugar
ethers; lagticagid ferivatyes ohmanas ang-dimivearides; hydrophobic transesterification products of a
polyol with gt least one member of the group consisting of glycerides, vegetable oils, hydrogenated
vegetable olls, fatty acids and sterols; oil-soluble vitamins/vitamin derivatives; and mixtures thereof.

Within this group, greferred lipophilic s@tfd&tants include glycerol fatty acid esters, 10 propylene glycol
ble jhsij

fatty acid esters, mi turgs thereof/or are drgph e ;erigcat' of a polyol with
te - e e .
at least one member of up consisting a ygro%eﬂa bd egetable oils, and
triglycerideMe®0398 In one eMBBdintMe the compodition May include a $blubiiker to ensure good
solubilization amor dissolution of th®zompound of the predesit invention aiod to minimize precipitation
of the compound of the presenBinve iQn. This can be espexiall ortant for compositions for
non-oral use, e.g., compositiong forfinjegtion. A 15 solukili Iso he gdded to increase the
solubility of theS§Rifophilic d\‘;ggi;eﬂegﬁpon ntd, subh as ERPECEERTS, or to maintain the
composition as a stable eneous solution or di¥peidibn. [003341 Examples of suitable

solubilizers include, but are not lirhited to, the following: al &land polyols, such as ethanol,
isopropanol, butanol, benzyjgdcohol, ethylene glycol, propyggne glycol, butanediols and isomers

thereof, glycerol, pentaerythritol, sorbitol, mannitol, jranscutol, dimethyl isosor/' e, polyethylene glycol,
polypropylene 2Q,glyceh.polyvinylalcohol, pro yl methylcellulgse gand otQ r cellulose
derivatives, cyclodextgng and cyclodexty I Rgghers of polyettyyleNe giyesls having an

average mdlecflarveigii®f aBiep? 200 _ 00, sucBtepsBtetr ryl alcohol PEG ether
(glycofurol) ov'meéthoxy PEG ; amides and other nifrogen-containing compougds such as
2-pyrro|idone.2-mpeﬁdone, .q,pE' -ca‘%rolacta -aley®yrrolidone, Nhyd?’O alkyiByreolidone,
N-alkylpiperidone, N-alkylcapoldctaim, dimethytacetgrhide and polyvinylpyfoli ; esters 25 such as
ethyl propionate, tributylcitrate, a ’t’iﬂ triethylgtgatég"hcetyl tributyl citrate, Hiéaﬂ;ylcitrate, ethyl oleate,
ethyl caprylate, ethyl butyrate, H?chtin, propyleéne glycol monoacetate, propylene glycol diacetate,
a-caprolactone and isomers thé®of, &-valerolactone and isomers thereof, [3-butyrolactone and
isomers thereof; and other solubilizers known in the art, such as dimethyl acetamide, dimethyl
isosorbide, N-methyl pyrrolidones, monooctanoin, digthylene glycol monoethyl ether, and water. 30
1003351 Mixtures of solubilizers may also be used. Examples include, but not limited to, triacetin,
triethylcitrate, ethyl oleate, ethyl caprylate, dimethylacetamide, N-methylpyrolidone,
N-hydroxyethylpyrrolidone, polyvinylpyrrolidone, hydroxypropyl methylceliulose, hydroxypropyl
cyclodextrins, ethanol, polyethylene glycol 200-100, g,lycofurol, transcutol, propylene glycol, and
dimethyl isosorbide. Particularly preferred solubilizers include sorbitol, glycerol, triacetin, ethyl alcohol,
PEG-400, glycofurol and propylene glycol. 35 [00336] The amount of solubilizer that can be included is

not particularly limited. The amount of a given solubilizer may be limited to a bioacceptable amount,
which mav he readilnvy determined by one nf clkill in the art In ecome circrimetancece it mav he




1003411 The forms in which the novel compositions of the present invention may be incorporated for
administration by injection include aqueous or oil suspensions, or emulsions, with sesame oil, corn oll,
cottonseed oil, or peanut oil, as well as elixirs, mannitol, dextrose, or a sterile aqueous solution, and
similar h tical vehicles 35 [003421 A ueous s lutions in.saline are also conventlonall used
for |nje(?t|c5 59@ glﬁglng f%ger% Fsm [?eqﬁ%e%é]]éso% ‘faﬁ% p% Yty Tence al):kene "4 $o R HRETRE (and su?;able
mixtures tHEPEBH %V&I%Ef@%” i ﬁé‘ﬁ\?&ﬁv&ﬂ Pé‘i‘i‘&“’v%ﬁé’t’é%’i‘& °5i‘f§’ﬂ’i‘53}°§lé%‘sﬁét°§rﬁﬁ?d§f§d The proper
fluidity caSchamaiisedinctrrrirdekBmple 1B jsmiditgdé p paideatitg e Geamels 1eeierininforttsel maintenance
of the reqUirgebiyaty i cherrsime of F ¢hrale HiSeiofotlish Brémmearnithopd heéterst obmpriadtéPtsniklies prevention of
the actipmafriieieonganspasicadreyhs atig thafoditDy crasiontsophattaaiay ialsaadiatidwngal agents, for
example, 4Q-paiadigns. Shigirdutiani. Bisnehvarticagib- NI atPsahRNLIRElKedQRA31 Sterile

injectable é%LH&lmas%fﬁcprﬁwo%gcpyczm&pa%ﬁm&%scm&u e RL RS RESSEN Kaysniion in the

required amountl ,gleugq oprlate ¥nent Wlth‘g[arlou other ringregients as enum erat&d above, as

f lﬂ oun conv rte oci using, for & e, chioroacety
requwed (0] Rgé ere erl Izatl erally, spersions are prep are y mcorporatlng
0

the var|0l}§°§'t’§trﬁﬁ’§ﬁ°&’& TR 8ih S At BeTETig R SReARG e 6cﬁ°88‘ﬁ‘i§lﬁ%fﬁ?8"ﬂlé§?8 dispersion
mediuhf A9BVHE RAFOTFRERS PREIIHIG AE i ksiEs FRTGHATPle SeFrititn PaRIUh bR PRYNGE KoaBdadPterile
powders foisthied Reframtiofrrohstetite 17 cctabid gdlutioh d0T0edetrethediirabieemathodddpheparation are
vacuum-cegirg aid fieersididingsechnigpesduhithidlie theappaeasimtdbendctine prgiedient 5 plus any
additional ggsisrdingrrdian]ifioma Reviapeyaiatiesiierechapliionrtirainabe 10344 hilRharmaceutical

comMpositigns, for ORISR Jeia TARRAL AR HEHY GIY N SURERIBIGIN GRS Sh&pyention provides a
pharmgceu |c3al [of0) g%e |t|o fort nsdf:hrmal dcglall\éer ounwﬁmn‘gaqlgomsppynd of the present invention
I

14
andap drmaceutic exc r??nswtasb rrotFlans erm ?\%ry 1065451 Compositions of the present

invention cé‘ﬁ"b'é"ﬂgf*?ﬁ’ﬁ?&ted into preparations in solid, semi-solid, or liquid 10 forms suitable for local or
topical admlnlﬁ_;ratlon such as gels, water soluble jellies, creams, lotions, sus r%?s foams,
powders, slurrigs, ointments, sBfafier8’ oils, past'é@z,c ositories, sprays Ulsions saline solutions,
dimethylsulfoxi ?Wﬁfsy-based Eémns era,h caurlers hegﬁ%re capable of

providing an! area |tg@oor nged* ostite to the 3 \}nﬁr dleat ntras,; Iug,pn

formulation may prowde re imm te exposure oft e actl to th og%/n area. 15

[00346] The p 1aé]mac:eutlcal compo%&ons also may c%gprls |suitab Fé solid or gel Rkase carriers or
c

excipients, which are compounds that allow increased- penetraﬁon or assist in the delivery of,
therapeutic molecules across the stratum comeum permeability barrier of the skin. There are many of
these per@IPAAI AN g ThoTaR L RS RRRBU S (o TROE L IR E A e mresrishiea s tliufation.
Exampless8rslicte eatfigrionid exepmntsoriadt; b redhacimmmed 107 minétdnte!tedy., urea),
glycolg{eRyferpremidre: §l§end 2atromuisc{ Ecgnule fian otpvidadyoaciipadyS fofeid228%ior 2Ompisfactants
(e.g., isoprepapbriysista tPhanehsdionpdad of Feui&ttip, pysriakd ks g lycerohan gl auratecsdlfoxides,
terpenes (@ igrmbeiholissninesiaminias Fatkanss, ol kanels viatts Rl eissncatbonatRuaatcium
phosphate,yanbs.fHdR R -HAER SuGel BlaseriervalivesmURlR IR ARtk BRlyMGIsguch as polyethylene -
glycols. [OO§4ZIL qu}ther exemplary formulation for use in the methods of the present invention
employs transdermal de ivery devices ("patches"). Such transdermal Pa tches may be used to provide
continuous or discontinupus nfu 310 of a 25 compound of the|pr en/(?n}ennon in controlled amounts,
either with or without a fo eh 4@03481Rrﬁ%'_cdﬁstructl n se Rtx,amsdermal patches for the
delivery of pharmaceut s is well known’if the art. S S Pat. Nos. 5,023,252,
4,992,445 and 5,001,139. Su?h,ﬁatzpes may bé¢onstructed for con'u uoys, pulsatile, or on demand

delivery of pharmaceutical agehts/ 109391 Pharmaceutical compo itighs Yor Rihalation. Composmons
for inhalation or insufflation inglude/sslutions and 30 suspensions j# ph ceutically acceptable,
agueous or organic solvents, or Haktures thereof, and powders_1he li¢dlid or solid compositions may
containssuitable pharmaceutical§®acceptable excipients as described@®upra. Preferably the
compositiposr@re-aang kistarad by dhenonal srhels B spivatany fouieoiod dopahas supstemic effect.
CompositiQns:i8) & eisralivphasmaceidicaliyaceaptableaomentsimay benabulizedhydse of inert
gases. Nghylized solutions may be inhaled directly from the nebulizing device or the nebulizing device
may be attached to a face mask tent, or 35 intermittent positive pressure breathing machine. Solution,
suspension, or powder compositions may be administered, preferably orally or nasally, from devices
that deliver the formulation in an appropriate mannes3{00350] Other pharmaceutical compositions.
Pharmaceutical compositions may also be prepared from compositions described herein and one or
more pharmaceutically acceptable excipients suitable for sublingual, buccal, rectal, intraosseous,
intraocular, intranasal, epidural, or intraspinal administration. Preparations for such pharmaceutical 40
compositions are well-known in the art. See, e.g., See, e.g., Anderson, Philip 0.; Knoben, James E.;
Troutman, William G, eds., Handbook of Clinical Drug Data, Tenth Edition, McGraw-Hill, 2002; Pratt
and Taylor, eds., Principles of Drug Action, Third Edition, Churchill Livingston, New York, 1990;
Katzung, ed., Basic and Clinical -85- Pharmacology, Ninth Edition, McGraw Hill, 20037ybg; Goodman

and Cilman ede The Pharmacnlonaical Racie nf Tharaneaiitice Tenth Edition MceCraw Hill 2001 -




40 prevention or amelioration of restenosis following procedures such as balloon angioplasty. Without
being bound by theory, compounds of the invention may slow or inhibit the migration and proliferation
of smooth muscle cells in the arterial wall which contribute to restenosis. A compound of the invention
may be administered, for example, by local -86- delivery from the struts of a steal, from a stein gratft,
from grafts%”?‘f‘r’%ﬁ’ihﬁ‘f’é tover or sheath of a stent. In some embodiments, a comapound of the invention

is admixed with &matrix. Such a matgix ngay be a polymegic matrix, and ma , S€fve fo bond the
compound td& s sigprierio icgk suifinl® ft Rainclates nhactonebased
\

polyesters o, sters susik as gloly agode, polycapsglastopglycolide, pghyost
polyanhydridestq:)Iyannﬁ’écaocgﬁspdfysacc%es, FolyBhosph&Z&tes, poly (ether-estsr) copolymers
(e.g. PEO-PLLA)gpolydimethyfSiloxané%oly(ethylene-vinylaétate), acrylate-bas¥d polymers or
copolymers (e.g. polyhydr@yg%yl methylmethacrxjate, polyvinyl pyrrolidi dne), fluorinated polymers

such as polyteggglyorgeth lene and cgjlylose gsters. ui';gbleMlceE 1 nfSndegrading or may
gi;g thié‘:%‘

S,

degrade with time, Telea ompound or cgmgoupds. Compoung ention may be
applied to the surfaceRrs én by various rRethbds suNh as dip/spin coating, M ray coating,
dip-coating, and/or brush-c&gting?*l’he compounds maypéy fed in a solvent ;ﬁé%olvent may be
allowed to evaporate, thus forming a layer of compoung'o he stent Altern%&ivgl , the compound
may be located in the body of the stent or graft, forggxample in microchannetd or micropores. When
implanted, the compound diffuses out of the body of the stent to contact the arterial wall. Such sterns
may be pRPHRSETEIP ST tEnE ArerRdRl ool dbhesaretienrerapsresisritidBeannels into
a.solutioreefmtirevisamp serricestthidire omrlbe Tiba StreiIe SERRir 425 s ad 8 gsbration of the
solvents ExdessrinugtionthBispirface: einthrend té Aermént tieis eptrtrde Befaanate Scdmiontbibtief solvent wash.
In yet othes-gsaheditaaniate ppetsads efifeniestion mapbaeorvalpnivilinksdto a stent or graft. A
covalent lipker:maxbesesinbich gearades-nwg risadingde ihatceleaseiqfiesampaynd of the
invention., Any. biolabile inkagemav-he eI sUah A RURORE «SHED As.8lal.aMgR or anhydride
inkages. fommpoHRGe ek venkan nak.addiionallbe acminsieied Juliakasc gl from a balloon

.lithium alumin . TO a compound.o s 1S IS , .
used durlr'lgl anglgl%as&. gxtra\)’ascu ar administration i of the com _ounas via the pericard or via
it

adventihl SRR T BY PR TAREHE B RO A ST iy Al S BRR SerfofrRed 16 d¥8Fase restenosis.
[003581 Ahipsiffeiiroratishe eRavRIaS RRTEM Ay Herpeb Referinede PRiERs AracarsIv8Be S example, in the
following Feferenécscoatkes whicimeeredeeretyld b fsratreld: by réfifencih 1py82plepyiisticB451233; U.S.
Pat No. 504Ha548¢ dkiSs phaksidiocaBoGie2 T8 fddict, R edniNan S KF6346;407. B ivlatd \Refb2QR3Bend . S. Pat. No.
5674278; 4 kS Pont¥n G Pt 487 iScoRaikeAb Nanpdihd 37 E2n kb B8 Ratap 105384k k-Siokat No.
529233, 14 RoR@tNRpafd d5-084d s, BaLINQ. 5879382; U.S. Pat No. 6344053. [(r)3591 The
compound%%fcttlgesilgggeng:ion may be administered in dosages. It is known in the art that due to
intersubject varla'fblflty in cgmpound pharmacokinetics, individualization oésdgsing regimen is necessary
for optimal therapy. Dsing fesca cepgreend pf the i nti(m‘@ay be fou Nr,qutine experimentation
in light of the instant 30 di Iosure.—iee%(-‘;elR e, a compound-of the,i ition, is administered in a
composition that comﬁrises Bne or M8le agents, and the &&ht has a shorter half-life than the
compound of the inventiospunit dose forms of thg agent and the compounghof the invention may be
adjusted accordingly.alocc)&g%l The gylgject phggmaceutical composition BaYy. for example, be in a
form suitable for oral é’;&fﬁamwsﬁratign 0 tapfeCeapsule Rl awder, ¥iBtained release
formulations, solution;SuSpensiog arenteral injectiop, sterile solution, suspension or
emulsion, for topical adms@mistration as an ointmé&fft'or cream orlifor f8¥tal atfinistration as a
suppository. The pharmaceutical camposition may be in uniddosage forms suitable for single
administration of precisgsdgsages. 'Ege (pharmaceytical composition will ingju € a conventional
pharmaceutical carrg piprent anﬁg a compo In aggprdidﬁ;‘#b the igyention ag.an active ingredient.
In addition, it may in ther meslietrat-of 9! 9 r;f‘facew;'+¢3al—ag<-:~nts,5 argerg, adjuvants, etc.
1003621 Exemplary parenteral@finistratiorf forms inQtief solutions 6r s spengipns, of active
compound in sterile agdggous solutiofi® tfor exampies aqueouspropylene ghsol or dextrose solutions.
Such dosage forms can be suitably buffered, if desired. (003631 The activity of the compounds of the
present invention may be determined by the following procedure, as 5 well as the procedure described
in the examples below. The activity of the Icinase is assessed by measuring the incorporation of
y-33P-phosphate from y -33P-ATP onto N-terminal-ktis tagged substrate, which is expressed in E. coli
and is purified by conventional methods, in the presence of the kinase. The assay is carried mit in
96-well polypropylene plate. The incubation mixture (100, ELL) comprises of 25 mM Hepes, pH 7.4, 10
mM MgCI2, 5 mM pglycerolphosphate, 100 uM Na-orthovanadate, 5 mM DTT, 5 nM kinase, and 1 uhil
. substrate. Inhibitors are 10 suspended in DMSO, and all reactions, including controls are performed at
a final concentration of 1% DMSO. Reactions are initiated by the addition of 10 p.M ATP (with 0.5
1.1.Ci y-33P- ATP/well) and incubated at ambient temperature for 45 minutes. Equal volume of 25%

TCA is added to stop the reaction and precipitate the proteins. Precipitated proteins are trapped onto
nlace fihar R filtarnlatee and averecce |Iabhaled ATP wached off ricina 2 Tomtee MACH 11 harvvector



1003681 In one aspect, one of more of the subject methods are effective in ameliorating symptoms
assoicated with 25 rhuematoid arthritis including but not limited to a reduction in the swelling of joints,
a reduction in serum anti-collagen levels, and/or a reduction in joint pathology such as bone
resorption, cartilage damage, pannus, and/or inflammatign. In another aspect, the subject methods are
effective in reducing ankle inflammation tgggat least apou 20/% 5%, 10%, 15%, 20%, 25%, 30%, 50%,
60%, or about 75% to 90%. In another aspe_c_t,,tﬁe \ethods are effective in reducing knee
inflammation by at least about 2%, 5%, 10%, 15%, 0, 30%, 50%, 60%, or about 75% to 90%
30 or more. In still another aspect, the subject methods are éffectlve in reducing serum anti-type Il
~collagen levels by at least about 10%, 12%, 15%, 2098724%, 25%, 30%, 35%, 50%, 60%, 75%, 80%,
86%, 87%, or about 90% or more. In arﬁS’i‘h%r aspect, the subject methods are effective in reducing
ankle histopathology scores by about 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 75%, 80%,
90% or ”z&sgzl'ﬂe%%'ngm& el 2eaget A0, é;um{:ﬁomamq?g aiRSHecive-RFadHaRg kageistopathology
scores by a ent surtal lef intr oductxond an:é)dél]t o%gi’ 004 6 % 15?%{1’01? %t'he O(V g,r 35 more.
1003691?““(5’tﬁer eﬁtﬁagdlmen‘t tﬁ present invention fow es kﬁ the compounds or
pharmaceresr eoFApYLiiBnts TB‘TFé’Ht’t‘é@ﬂrrﬁt&W‘ﬂt%éﬁtﬁé‘§ Sitiiiael ﬁ@‘"ﬂm‘ﬁj&f F "‘bls% Yiseases
affecting tnseltspiog eviipsreyl 95 Reumalp VR LxBTBIMCRFAPT ISR A RPRER fEp BT R s PiF&TEAYFtfact, or the
nerves anehpougofFfonbisathisdptdd drexmmplchendtifod s, aremmawdet ok 8hticlostetrdtive pulmonary
disease. LhpaRiOlREHILME D elRpIRaTY2 Gise aaglite i ph ipasprismiinghe-dehéeTia fomatgroup of
respiratopytach issaan S atale-eharasts izedhys st ebsisuatiorai iz atigntonditions

includgg | tat';%,ymQt%m%otsa%%emg@aemgrtamqnmalmanmm%mmremwaﬁe 1003701 In

another epoaMAN.IISEoReUNcR deselited Naraln e dised PN ieaktap ol asihma. Aiso, the
compoun(ﬁs or pﬁarmaceutlca comp osmons escribed herein may be used for the treatment of

endotoxe?ﬂ?&"%fn‘ﬁ‘%gefﬁ’éfémﬁ‘i‘%ﬂsé“éﬂfﬁ%aﬂ% S S S HIpBtH dS O ﬁ%rarﬁ‘)é“ RN A EBRo%itions
described elpisih BEETiReE S theRSStRISPS cSamRaMRLST FH‘EU‘HI%%‘HW@ tecmpotRf gtearRA%Y embodiment,
the compbumdwlartipheirideiceasticndh ebrmpuididors Bidiesesiyedarhereitn Taeasdytiepamreréeitment of contact
or atopsC Ehehanaiilss brtaGtHetpatitishaclGdes imtardeifatitis, 490hotetexicoderimatitisshallergic
dermatitisi,phoi@aNergic: darpatitisuconiach uytical iapoysiersiapon att-typede whatik sand.the like.
Iritant deyAkL% SaR-RCCHEVNARIARIYIEh-RIALBLR SIRRRE: IS ASRE.aN thexsiinsef wiheddhe skin is
sensitive (g, CErain, Sk bégténcsﬁﬁt%'&gsuma%t%%ﬁ%@%@%&@ﬁ&ﬂs%mmem Kipg of dermatitis, an

atopic skin dlsease 10 'I; e invention al§8 relates o gtmeth d of treating a hyperproliferative
disorder it a Ma rcna"mﬁf’t‘ha‘tac'c')’trenm?léaé%macfnﬂmgstgﬁngeto Rt Pammal a t‘herapeuhcally effective amount
of a c&%pdtfﬁﬁ“ﬁfsﬂ"lﬁnﬁr‘esent invention, or a pharmaceutically acceptable salt, ester, prodrug, solvate,
hydrate or derivative theregfotn some em 0 iments, saldgj‘igtﬁ"dddrelates“lo e freatment of cancer
such as acutmmmymu B alff lung, squ%ﬁ'nous cell, s |n y¢, retinoblastoma,
intraocular m e hary geal bladder, gastrlc st ach pancreatlc 15
bladder, breast, cgsvical, k& N\‘qre'tk renadpmkidg ‘hvér ovarian, prostag, coh%%:gt&l”esophageal
testicular, gynecologigal, f yr y CNS, PNS, AID -related (exg2Lymphoma as posi's Sarcoma) or
viral-induced cancer. In som@“bmbodlments said’method relates to the treatment of a non-cancerous
hyperproliferative disorder seech as benign hyperplasia of the skin (e. g., psoriasis), restenosis, or
prostate (@o203) Reaigs iprostatic Sype tcoplaynd BRHIF003 ihdhel lventienidtisstiel sdests a method of
_ treating disgases [elatefdRdaseH0gANORIS QL ARGIOIORBSISIEF PodRIMes b Hhat CaBIR e s
administeging,to,said MARMEA.a HherapaHiicalne e N MR wakrha oy sd:ef the present
inventign, or.a J]?Fﬂaqe%fgli %%%?BE%Q!# %@Hoﬁ%sgnaaamrygumgvaa@fmtm@ Qrderivative thereof.

In somé em ments sa |s for trea |pageafor|sea e se glgtnegcefrgrg the o con‘flstlng of
tumor anﬁ?b"@@ﬁé%? r%sﬁ”l’éelﬁﬂa 5%ry55|sease SuCh ds rtheamatold arthriis, atherosclerosis,
|nflammaf%‘}"bﬁ{}%‘é‘l%%ﬁ?@"&lﬂ’ﬂ%‘@%@&%@é’ﬂ“%"ﬁé iP4E, eczema, and scleroderma diabetes,
diabetic retinopathy, retinopathy of prematurity, age-related macular 25 degeneration, hemangioma,
glioma, melanoma, Kaposi's sarcoma and ovarian, breast, lung, pancreatic, prostate, colon and
epidermoid cancer. [003731 Patients that can be treated with compounds of the present invention, or
pharmaceutically acceptable salt, ester, prodrug, solvate, hydrate or derivative of said compounds,
according to the methods of this invention include, for example, patients that have been diagnosed as
having psoriasis; restenosis; atherosclerosis; BPH;-b¥east cancer 30 such as a ductal carcinoma in
duct tissue in a mammary gland, medullary carcinomas, colloid carcinomas, tubular carcinomas, and
inflammatory breast cancer; ovarian cancer, including epithelial ovarian tumors such as
adenocarcinoma in the ovary and an adenocarcinoma that has migrated from the ovary into the
abdominal cavity; uterine cancer, cervical cancer such as adenocarcinoma in the cervix epithelial
including squamous cell carcinoma and adenocarcinomas; prostate cancer, such as a prostate cancer
selected from the following: an adenocarcinoma or an 35 adenocarinoma that has migrated to the

bone; pancreatic cancer such as epitheliod carcinoma in the pancreatic duct tissue and an
adenncarcinoma in 2 nancraatiec Adirict: hladdaer cancar c1ich ac a trancitional call carcinoMma in 1irinaryy




1003781 Additionally, the compounds described herein may be used for the treatment of bursitis,
lupus, acute' disseminated encephalomyelitis (ADEM), addison's disease, antiphospholipid antibody
syndrome (APS), aplastic anemia, autoimmune hepatitis, coeliac disease, erohn's disease, diabetes
mellitus (type 1), goodpasture's syndrome, graves' disease, guillain-barre syndrome ((iBS), hashimoto's
disease, in ?ﬁ%’h?f‘}’r‘)?f)gwel disease, lupus 35 erythematosus, myasthenia gravis, opsoclonus

myoclonus synd ’m (OMS)Hoptic neuritis, ogP’s thyr _i_%R%stheoarthriti 3 ugeor, |_i_ti§ pemphigus,
polyarthritis, Pri tiiary (ﬁlms, $iehd Srakayesn's_arfbrit d arteritis, warm
autoimmune li¢ anemja; F?ener' n&s\}ovsis, alopecia Y iék)glaa as disease,

chronic fatigue syndro?ne;ﬁysaut@ bmia, endometriosis, hjdraglenitis suppurativd, | e:r&,i.tial cystitis,
neuromyotonia, saeeoidosis, scleraglerma, ulceratine colitis \\igigo, vulvodyssa, ap en icitis, 40
arteritis, arthritis, blepharitis®8r&nchiolitis, bronchitis, cervicitisy langitis, cholecysiftis,
ehorioarnnionitis, colitis, conjunctivitis, cystitis, dacryoadenitis, derrnatomyositis, endocarditis,
endometritis, enteritis, enterocolitis, epicondylitis, epididymitis, fa8ciitis, fibrositis, gastritis,
gastroenteitia) gingivitis sihepatiiep Nistaskomitiss ilaitis 10itiSrea0dd wiary agipianddsiditisis Mmeningitis,
myelitis, pyae A SitisuByositsepridinanehailis aankoris, QrchitituRsiaiisurtiisispancreatitis,

parotitis, ReHERNHLz wRSHIRUNS RO IS ARICRIIR RN HIRRILS, DIgQllipProstatts,
pyelonephyritis, rhinitis, salpingitis, sinusitis, stomatitis, synovitis, tendonitis, tonsillitis, uveitis, vaginitis,
vasculitis, or vulvitis. 51603791 The invention also relates to a method of treating a cardiovascular
disease in XL ARSIt comprises administering to said mammal a therapeutically effective amount

of a compound of the ptesgnt i e_._gigp, or a pharmageutigally; __ft?able salt, ester, prodrug, solvate,
hydrate or derivatw/ Aerob N |c§e§“of cardigtasdyladconttitichdintlude, but are not limited to,
atherosclerosis, restgnogis, Jasctyar occlssion and tid/Nbst yctive di8€A3e. 10 1003801 In another
aspect, the preseRt inventjpn pfovides niethods BY disfupting te function of a leukocyte or disrupting a
function of an osteoclagt. dhggnethod includes contacting the Ieukocy}_ﬁ)or i@ osteoclast with a

ct of the present

function disrupting amousé®f a compound of the inventiese 1003811 In an

subject compounds or pharmaceutical compositions to the eye of a subject. }/5 003821 Methods are
further provided for administering the compounds of the present invention Via eye drop, intraocular

injection, intravitreal i 'éct'n,t iQally, or througrlth us® of #drt FgJutlng Havice, microcapsule,

implant, or microfRfidicxdevieg: me'cases, t e pqresent invention are
administered with a er of exgpient théenitrea ipkraogular penetrance of the compound
such as an oil an&water ethulsfon with colloid pﬁ'ticles h&vind an oily core surrounded by an
interfacial film. 20 1003831+, cases, the colloid partieies jaai dPRaat least one cationic agent and

at least one non-ionic sufactai uch)afa poloxamer, tyloxaisn \a polysorbate, a polyoxyethylene
castor oil derivative, a sorbitan espgrNor a polyoxyl stearate. In séme cases, the cationic agent is an
alkylamine, a tertiary alkyl amirf®Sa quartemary ammonium ccﬂ?ﬂaound, a cationic lipid, an amino
alcohol, a biguanidine salt, a cas@nic compound or a mixtu&®ghereof. In some cases the cationic agent

is a biguapigisersaltisits BchsmeRloEh e diRg.uRdly BaRine BYOP ¥t Aigwai cifen R AfRIRINbndRde

alkylbighianicing. LLA-FRstie %! 86 WA AMELASRSLIE HEAIGINAE:ATIRANIM gompound is a
benzalko L%]p&gde lauralkan leg;{? cetrrrlmll?geri exadecxpglm rI,re‘ljgglglonlum hgllple,

and a compound of Fo! are } tlﬁe presence 01 base. . compoun )
tetradecy trlmeth%lammonlum halide dodecg/trlmeth}/ nium halide, cetrimonium halide,
|

am
benzethonim hafide. be R P T SR e R |ﬁ%%a?f3§l? EEMNERIoamnRaNdS,
cetylpyridfATaRt fBiykche28Hodecinium halide, chlorallyl methenarnine halide, myristylalkonium
halide, stedittiomfRshamttide or a mixture of two or more thereof. In some cases, cationic agent is a 30
benzalkonium chloride, lauralkonium chloride, benzododecinium broni#e, begzethenium chloride,
hexadecyltrimethylammonium broggi;gp, tetradecyltrimethylammonium brgmide,
dodecyltrimethylammonbﬁgﬁnide ora C;E;Eﬁ Mof tWE 6r m Steof®h some cases, the oil phase
is mineral oil and light mivierg.oil, medium in triglycerides T), c&gonrut oil; hydrogenated oils
compr'1§ing hydrogenateghgottonseed oil, hygdrogenated palin oilggaydrogenate castor oil or
hydrogenated soybean oil; polyoxyethylene hydrogenated castor oil derivatives comprising 35
poluoxyl1-40 hydrogenated castor oil, polyoxy1-60 hydrogenated castor oil or polyoxyl-100
" hydrogenated castor oil. 1003841 The invention furtker provides methods of modulating kinase activity
by contacting a kinase with an amount of a compound of the invention sufficient to modulate the
activity of the kinase. Modulate can be inhibiting or activating kinase activity. In some embodiments,
the invention provides methods of inhibiting kinase activity by contacting a kinase with an amount of a
compound of the invention sufficient to inhibit the activity of the kinase. In 40 some embodiments, the
invention provides methods of inhibiting kinase activity in a solution by contacting said solution with an
amount of a compound of the invention sufficient to inhibit the activity of the kinase in said solution. In

some embodiments, the invention provides methods of inhibiting kinase activity in a cell by contacting
caid caell 202- with an amoiint of 2 ecomnoiind of the invventinn crifficiant to inhihit the actinvzityy of the




40 inhibitors, if such effect occurs. This may be particularly useful in treatment of autoimmune and
inflammatory disorders (MID) such as rheumatoid arthritis. Additionally, the administration of PI131(8 or
PI3KS/-y inhibitors of the present invention in combination with inhibitors of mMTOR may also exhibit
synergy through enhanced inhibition of the PI3K pathway. [00389] In a separate but related aspect,

the present invention progides& sombination reatrp:ﬁ a disease assocjat@dswith PI3K6 comprising
K8 tsitor and an ag ibits IgE pr S activity. Other
stert are appsiephle f t{s-qombinagigisand described, e.g., US Patent

administering to a Pl

exemplary P13K5 in

No. 6,800,620. Such cambination treatment is pasticularly useful for tré&8ing autoimmune and
inflammatory diseases (AlID) including but not limited to rheumatoid arthritis. [00390] Agents that
inhibit IgE production are known in the art and they include but are nqﬂi Ned to one or more of

1E1-9874, 2-(4-(6-cyclohexyloxy-2- naphtyloxy)phenylacetarnlde)benz id, rapamycin, rapamycin
analogs (i.e. 10 rapalogs), TORC1 m(k)nb ®8; TORC2 mhﬂ:gto RAnd ari?dther compounds that inhibit
mTORC1 and mTORC2. Agents mﬁ) IgE activit aQr exS%ﬁle, anti-lgE antibodies such
as for example Omalizungap &and HO008&l71 F nt of awwsmmune diseases, the

subject compounds or pharmaceuticghgompositions can e used in combination with commonly
prescribed drugs including but not |Iml&§g to Enb %I)% Remicades, Hur‘rayrac Avonee, 15 and Ade. For
treatment of respiratory diseaseses, dubject ﬁ;,omzpounds or h@a)deutlcal compositions can be
administered in combmaﬂon@ﬁﬁonly preggribed dru% hg but not limited to Xolairl,
Advaire, Singulair, and Spirive 2] The-eompounds of the antion may be formulated or
administered in conjunction with oﬁ;&gents thiap act to relieve tRe ptoms of inflammatory
conditions such as encephalomyetitisyasthma, and the other disgasggN20 described herein. These
agents include non-steroidal anti-infflfnmatory drugs (NSAIDs), e. 52 acgylsalicylic acid; ibuprofen;
naproxen; indomethacin; nabuiffetone; tolmetin; etc. Corticosteroids are used to reduce inflammation
and suppessshBtivityeed Skerinitené. smm’@ﬁ@%’cﬂé@ﬁ?m% iy srarelpityet setg Brittaedtype is
Prednisopeasiilsaduiine {AdalenjirdydroiychtonoguinéiFta genilhmagn aisolbel\Rafprirsédul in some
individualgNujthdpys, ikheysaia snashofien preserilaesifarskinaadyjsitGywpornemidpas.
Azathioprige (Imusan) mf;lpgymmg@@mkqﬁd(@mm%zampgmmﬂmmmm ard tend to

suppress (e, Jf‘%r%%xasyﬁt{%ma Q08 a%m%u?sgdsmm;% ?omnmla%p%m@mqg to control the
symptoms. of’ Anticoagu ants are em revent m clottlggf@%gygﬂjgey range

to d fr
from aspifi ﬁ‘da"t"\?gi"’“l‘g R CREREAR, 9?1‘?0‘?’1‘ rés\}séoﬁ S | ater[mf’{,s)t From stlc% 8 ﬁ%‘@%ﬂp madin. f00393] In
anothéf o??épaéﬁ@'é‘f‘a‘ml% Wé’l‘lﬂ%s‘é‘i@?f‘?é?ﬁé % SPRAPRTAERTY S cd”rﬁ° oSit |oaﬁe‘%or Shiiing abnormal
cell growtbriema Sridamxtes carprietic S ApTISeY 2k caRoere 8t ?é@ﬁ%&ﬁﬂ‘f&eﬁfvﬁféfﬁr%%? PR7ention, or a
pharmacetiicabye80icctepiddiie seitoeditoprae PG waishratde kgleirdtBeBrieiniatine tisrotibn
combinatigmmwith d@roanestiolyanea hliseanoeragenpitesgiv thiididtderape btivage mybhreny
chemotheyanBLlicararmuRERS ALY K ROME iRcthnait BncheasiBer URasiareBRIbiNatioAcwthutidercom pounds
of the &@V%&m 0394 N same SRR dimeRtS.theshemetstRemisiasainsirs framihe group
consisting of ritotic 'nh'bcft‘?ﬁrg{lIk%“%cﬁ‘%%&e@@é&%‘@@%‘iﬁ& QLeRCAlAting. A UPigHRS, growth

factor inhi ors cecﬁm(? cle Inh ths e isomerase nh|la1t s blological response
modifiers *5HiRBIF t(%n@%m 2R omlef?égls%u%itors an(? anttl cafr'fxro &ns. (ﬁ‘;@@ ggethiamples are

chemothe‘?‘ﬁﬁ@ﬂf?&‘“&'@@ﬁfgY‘E%‘t‘?&i’e"é@%fﬁfgm‘é{ﬁﬂ) 3R EREESMAT oo cUfES Sich as Gleevec
(Imatinib Medyisteynolsetealremtottd sy Vith abarbseqthi CARTEA I X ﬂ"é@f’é’a"(’d‘@ﬂfﬁﬁBﬁF"éﬂﬂaAdrlamycm
as weltasw hostdefechematidef Apeutid HgentsisNetedimiting examples of chemotherapeutic agents
include alkylating agents such as thiotepa and cyclosphosphamide (CYTOXANII"); alkyl sulfonates
such as busulfan, improsulfan and 40 piposulfan; aziridines such as benzodopa, carboquone,
meturedopa, and uredopa; ethylenimines and methylamelamines including altretamine,
triethylenemelamine, trietylenephosphoramide, triethylenethiophosphaoramide and
trirnethylolomelamine; nitrogen mustards such as chlorambucil, chlomaphazine, -94-
cholophosphamide, estramustine, ifosfamide, mechlorethamine, mechloretharnine oxide
hydrochloride, melphalan, novembichin, phenesterine, prednimustine, trofosfarnide, uracil mustard;
nitrosureas such as carmustine, chlorozotocin, foternustine, iomustine, nimustine, ranimustine;
antibiotics such as aclacinomysins, actinomycin, authramycin, amserine, bleomycins, cactinomycin,
calicheamicin, carabicin, carminomycin, carzinophilia7-Casodexile 5 , chromomycins, dactinomycin,
daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin, epirubicin, esorubicin, idarubicin,
marcellomycin, mitomycins, mycophenolic acid, nogalamycin, olivomycins, peplomycin, potfiromycin,
puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin,
zorubicin; anti-metabolites such as methotrexate and 5-fluorouracil (5-FU); folic acid analogues such
as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs such as fludarabine,
6-mercaptopurine, thiamiprine, 10 thioguanine; pyrimidine analogs such as ancitabine, azacitidine,

6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine, androgens
crich ac caliicterone dromoctanolone nroninnate anitinetinnl Mmenitinetane tectnlacrtone: anti-adrenale




5 solution of radionuclide(s), e.g., a solution of 1-125 or 1-131, or a radioactive fluid can be produced
using a slurry of a suitable fluid containing small particles of solid radionuclides, such as Au-198, Y-90.
Moreover, the radionuclide(s) can be embodied in a gel or radioactive micro spheres. 1003971 Without
being limited bé/ any theory, the compounds of the present invention can render abnormal cells more
sensitive tRFPEIIRERENTh radiation for purposes of killing and/or inhibiting the growth of such cells.
Accordingly, 10 this invention further relates to a method forosensitizing abgormal cells in a mammal to
treatment with radiag@g wdateh co prises adnsigistering, e massnal aR unt of a compound of
the present inventiofegt pharmaceu |caﬂ?y5‘acceptable§ , estér, prodrug, lvale, hydrate or derivative
thereof, which amoumbis effective isegensitizing abnormabxells to treatmenewith radiation. The amount
of the compound, salt, or solvate in this method can be determined according to the means for
ascertaining effective gmpunts of'sugh corgpqunds Ffescribed fherein. J$ 1903281 The compounds or
pharmaceutical compositions oft gsme%gl beused in‘f;gé’H ion with an amount of
one or more substances selected fkom anti-angi@qe is agents, sighal sansd@tion inhibitors, and
antiproliferative agents. 100399 °Anti-angiogenesis agents, such as M p-2 (matrix-metalloprotienase
2) inhibitors, MMP-9 (matrixmetalloprotienase 9) inhibitors, and COX-11 (cyclooxygenase 11)
inhibitors, can be used in conjuncfjpn with a 20 compound of the present invention and pharmaceutical
compositions describesql h7erein. Ekangpl us%feuIBCOXJT&l inhibitor includseeCELEBREXThi
(alecoxib), valdecoxib—ane-rofe . I fulymagrixXme Iopretetﬁ&se inhibitors are
described in WO 96/33172 (puﬁlishﬁd"bct@ber 24,1996), 7583 (published March 7,1996),
European Patent Appligation No'%¥%304971.1 (filed July §,19@7), Buropean Patent Application No.
99308617.2 (filed Oc%d%%%, WO 98/0/697 gpublished February 26,1998), WO 98/03516
(published January 29,7998\ 02‘31?9@349178!@&' @ August 13,1998), WO 98/34915 (published
August 13,1998), WO 987{7‘376@:;(published A'ﬁguM:&,/l 93), WO 98/30566 (published July 16, 1998),
European Patent Publica}jor 606,046 (published 1§f994), European Patent Publication 931, 788
(published July 28,19997, (0396405719 (publi%l,l%@, WO 99/52910 (published October
21,1999), WO 99/52889+(4b|ubTished October 21, 1 WO 99/29667 (published June 17,1999), PCT
International Application {y@. ?CT/1898/01113 (fﬂé"d dadly 21,1998), European Patent Application No. 30

298022320l SR G A2 76 S0, ISBhRURI ASLORPUCAURNL. AR E 0T e June 3
1999), United States rOV|S|f(%naI ﬁrﬁl catlgt%or{@eo/.lﬁ%,sﬂfcggf Q‘!tlﬁeg Al%qéu%t 12,%%9}%%%@%@9 States
Patent 5,853 94 1SEHRY SANTAY 26.1008) United States Patent 5861, B10 (ssted January
19,1999) it ir g e ratEnpEaNh ST P e IS TRIB IR 1EY Rt as et g7y 4ot which are
incorporateePiaseifom k&P isinvaies Feramreratibae pheter deg cRmemndeo B B30sifiibitors are those
that havedittheloelvbteiotin finsthit iitize Mkt 2eodivior eoprefeivbitbrare dseiwiats Sdeatinaty 35 inhibit
M1VvP12 aswedtae B0 a elagbuedia threnothew imsitrixdmiin o proiginasdsidi.obojuld Add-shd MME-3, MMP-4,
MMP-5, MMPr& ;MM? 2 domdbMPoBoMMiA 035) iMMR: 1 AvMRs S22 dMIMR; Rbmpamerspecific examples
of MMP inhibitoisekiselidhifl {06, PSRt NLINYERIIAN BERAE BR$R:RQ 3Rpdmads AR Rok3:0830.
1004001 Th'%eén}i%@rgl?gn@agmfﬂ&t&ép@aacm 1had-el-ANE s RIALRAGEHIGRAL SPMPQSINgp of treating a

cardiovas'éma sease in a mammal which comprises.an amount of a compoun the present
invention 67 I%‘H%'l%rerﬁa%éeﬁ f%da‘ifflhﬁbaapé%pélﬁtt%)bi‘émé%}fte? Buter et ruef%%f%%%g%am&gaﬁe{‘ or derivative
thereof® o Het<tSpreiRf Tamele P Yelitate: FRETEm AN AMBUnt BPEMEYSE THEM: 8 Speutic agents
use for thedusairie prsTPensies saserrr eisBa e TorA 0T PR IS fo TRt keeitvdscular disease
applications:@redaifit-timolPisot s nReferiog ifidetadfdliee Bindogsabiay ot Eamtin eitfiotydieedgents, e.g.,
streptokinassrespekinaptadissue ysigsminogenchetidtordiRlyrana duntsoyditale product, a
plasminogastaptokinasRactiaia compler ARRAG Hpnti-plasaleisaganls: @sgs cagrlyl-salicylic acid
(ASA) BN GO NALAGS MRS OEHAHND186) SR tRarkp vshEEH @ Rons AlGIWLRARNEL RIREKINEMI MO .S,

anti-proliferatie agents, &,ds,» oIShiGing:and.AlkiRtingagenis. Jisrcalating, agents. growth
modulating tactrs such a5 nierieulin,s, ranstormation growth etereta. and copdeners of platelet
derived g?o'{/'\?ﬂll’"fja{)c o monod SAAlaR |¥)o iés directed against groW?‘l factors, anti-in \ammatory

agents, bBEFERPOREP A A TorcSIETEI] PaITRr BT AN SUEHE HA T M8 atmkEe /883 She, function,
arterioscl&errsiia 1HAdTH ErtfaslrfgrresprbriSertyy B edt 81 8than injury post intervention. Antibiotics can
also b&included in combinations or coatings comprised by the invention. Moreover, a coating can be
used to effect 10 therapeutic delivery focally within-#se vessel wall. By incorporation of the active agent
in a swellable polymer, the active agent will be released upon swelling of the polymer. 1004021 The
compounds describe herein may be formulated or administered in conjunction with liquid or solid
tissue barriers also known as lubricants. Examples of tissue barriers include, but are not limited to,
polysaccharides, polyglycans, seprafilm, interceed and hyaluronic acid. 15 1004031 Medicaments
which may be administered in conjunction with the compounds described herein include any suitable
drugs usefully delivered by inhalation for example, analgesics, e.g. codeine, dihydromorphine,

ergotamine, fentanyl or morphine; anginal preparations, e.g. diltiazem; antiallergics; e.g. cromoglycate,
lkatotifen or nedocromil: anti-infectniee a A cenhalnennrine nenicilline <ctrantnmyviein erilnhonamidec



1004121 The examples and preparations provided below further illustrate and exemplify the
compounds of the present invention and methods of preparing such compounds. It is to be understood
that the scope of the present invention is not limited in any way by the scope of the following examples
and preparations. In the following examples molecules with a single chiral center, unless otherwise
noted, exisREEE 3EENH ‘mixture. Those molecules with two or more 5 chiral centers, unless otherwise
noted, exist as a racemic mixturtereomers. Single enantiomers/diastereomers may be
obtained by methods known to thoSe skllethon the art. EXAMPLES 100413] Example 1: Synthesis of
24(4-amino-3-(3-hydroxyphenyl)-1 -B ra1zolo[3,4-d]pyrimidin-l-yflmethyl)-5-
‘methyl-3-o-tolylpyrido[2,3-d]pyrimidi -ZE%gH)-one ( Compound 1406). 10 1004144 Scheme 14.
Synthesis of 2-((4-amino-3-(3-hydroxthenyl)-lH-pyrazoloP,4-dIpyrimidin-l-yOmethyI)-S-
methyl-3-o-tolylpyrido[2,3-d]pyrimdP4(33 1)-orfe NEAMBUNd 1486) isodescribed.  Pd(OAc)2 PPh3
Na2CO3 DMF: EtOH 1 €t ovgiight HOR B C4EL 405-OH—1 }Iﬁ%&%};g a stirred solution of
4,4-dimethoxy-2-butanone flOl)(‘G‘J%@‘M 0.35% mol), aétepcdacid (2.2 mL, 0.038 mmol) and
piperidine (3.8 mL, 0.0384p9!) in to uebne (150 mispamalononitrile (25199%.394 mmol) was added in
portions over 20 mm. _The reaction mixture was stirred overnight gt roqm terap re. The resulting
dark red solution wasS\W&shedRRithCORES (5D, dr g ?ﬁ\g/lgsaétz?%nd c%g %@gted invacuoto
afford the desired product 244, IS iNgthoxybutan.-2-yi ) malononitrile D g, 99%), which
was used directly in the next step. 20 1004161 Ammonia gas was bubbled through a solution of 102
(32 g, 0.178 mmol) in Me011 (50®&nL) for 3 h, the resditfy deep-red solution™@8 stirred overnight at
room temperature Q}we mixture was congentrated and the residu s partitioned between HCI
solution (2 N, GOO%L)Y@B'EZOAC (600RLY. The aqueous layer vﬁ par%ged L%nd basified with
ice-cold concentrated11§$-<CO3 g6@0 solutiPthe scéi syge€cipitat But of the solution and
collected by filtration to afford &R ’ 3Wdd product Z-amino ,&h&/lnicotinonitrile (103) (3.0 g, 33%).
251004171 Compoug{é&% (5. ;Mig,mmol) was suspe NHEGGIHON of potassium hydroxide
(26.88 g, 480 mmol) in water (26.85 mL) and iso-propanol (9.%?TL). The reaction mixture was heated
to reflux for 50 h, then cooled to Y& temperature and diluted with ice-water (100 mL) and
neutralized with concentrated HO solution until IN#=a6 - 7. The mixgure was concentrated in vacuo and
the resulting residue was purified by flagh,chro ‘ ﬁaphy elutingvith ethanol to afford the desired
product 2-amino-4-methylnicatinic acid £#£0%) (é? , 54 LA 4181 To a stirred solution of 104
(3.2 g, 21.2 mmol) in DMF (40 nys) M (8 was %d$OCI (8.12 g, 5 42.4 mmol), HOBt
(2.86 g, 21.4 mmol) and o-Toluidié\(4-53 mL, 42.4 mmol). Fhe jon mixture was stirred overnight
at room temperature and then pou?e irfth watesiéd 26 mL). TheAmus phase was extracted with
DCM (60 mL x 2). The combined organic phases were washed wi brine, dried over M8S04, filtered
and concentrated. The solid was prddiitated out of the solutiori4 he solid was collected by filtration
and dried to afford the desired product 2-amino-4-methyl-N-o-tolylnicotinamide (1401)(3. 6g. 70.4%).

10 1004194, 4 SpSENSIAN Of JAOGL:2 Qo SHARANIT I TR P inips:adeiad Rutylithium
(2.5M, 2.38 mL, 5.96 mmol) dro %P%r{l%dr}g%d%r%qp caahfe}g)so%é"ﬁnﬂﬁﬁr”e_g gcthgmeslt@ggeggr%gure for 1 h.

tonjtrile t c) \.P
feaction pixtlre was cc Candc Ioroacet)él ¢ I_f,F54 mmol) was

Then the reaction mixture was cooled lofide (0.432 ,
added. AfEPRHRIRIG TP HOAs pE e "t FRAUUTSR TR ALTE WAL PO e TRt TC8 -vvrért{]gr (IBY*mL). After
most ofoT HEtishris iR d RS trBeddiRIh A S prepiet EP B St this RBftriof. SFH'edld was
collected tytiginticrramideiretited Wwitheothibradeaforeth &l testrigtspidridc RofgpogpgScheme 11,
chloroacetamidiz)ednpaeitnilFdimpiia Whicobtneneddat T4 32miBO forgunbGriiek it @@4RO1 A mixture of 1402
(320 mg, dinamednancddhosphesdsoxydirtornde:(B6) whik, R kdsmmakiavag heated Bt 245 Governight in a
sealed- tulg. JFReLRRGHAB MINILG1MaSHRAIRE W RPR:IRR RkAIUre-and isoRseRiFaiRE: i vacuo. The
sl e desited
resulting precipitate.solid was colle by filtration and washed with.ether. to afford the desire
oroduct 2 (e i (AL U M SR 7 oo,
668%). 1002201 38 TG S B =0 80S gg?h|nee?Tﬁ-ﬁ)??geinQIo][3$,t5f‘381f5§/r?}%|(}ilﬁ'%i gﬁ&)(%l mg, 1.2
mmol) in PR & formuleft 1B drarernt SR PERRUE AR TEH RO RIS £23hY =Y KRS Whs added at O .
The resulfiergyiniddy e e stireaend tHisreinpdtatticd irdielusdndieferasde ik b T3 YST0Mg, 1 mmol)
in dry BiMim{G snihy svasad detbmiuidg rdactieredmitafelwakeHerfedoferaitriat-Bl@ariy therdan additional |h
at room temperature. The mixture was concentrateds 25 vacuo and the resulting residue was purified
by flash chromatography to afford the desired product 24(4-amino-3-
iodo-I1H-pyrazolo[3,4-dIpyrimidin-l-yl)methyl)-5-methyl-3-o-tolylpyrido[2,3-d1pyrimidin-4(3H)-one (1404)
(450 mg, 83.3%). 1004221 To a solution of 1404 (36 mg, 0.069 mmol) and 3-hydroxyphenylboronic
acid (1405)02 mg, 0.083 mrnol) in DMF (2 mL), EtOH (1 mL) and water (1 mL) was added Pd(PP/13)4
(7 mg, 0.006 mmol) and Na2CO3 solution (1M, 0.5 30 mL, 0.5 mmol) under Argon. The resulting
mixture was degassed and back-filled with argon three times and then heated overnight at 80C. The

reaction mixture was allowed to cool to room temperature, concentrated. The residue was diluted with
watar (20 rnl Y nearitralized with HCl ealiition (1M 11intil nH A-7 and aviracted with DCM (10 ml v )



1004241 Scheme 15. Synthesis of
5-((4-arnino-3-(3-fluoro-4-hydroxypheny1)-1H-pyrazolo[3,4-411pyrimidin-lyomethyl)-1,3-dimethyl-6-0-t
olyl-1H-pyrazolo[4,3-dbyrimidin-7(6H)-one (Compound 1512) is described. 5 [00425] Sodium (5.2 g,
0.226 mol) was dissolved in anhydrqus ethanol (120 mL). A mixture of diethyl.oxalate (1501)(31.8 mL,
0555 o SN A s A et it K Rk G Bl 1)
temperatdie® triepmroend iferra Lt i rie R Pag etpletrive tigRtcar ket SRS EstNing precipitate
was colletesdhby! filtrzitio o, vidd s rsuorntief ferrrelati B whieh iifeldted BHfgTRIRRS deRrBdSr0dubt 1502 as a
yellow sotithz§B0ydngode/cbisnnd FO4RE) HYliazing hiidapea{dopyrinidi859600200 ¥holhweaseadded
dropwise §, 856tis: acisbi3duRiuh thadkisisalioTorkehtanpadie Abh (A enrdulafinaivas added in
portions gt 2a¢. The resulting mixture was stirred for 2 h at room temperature, then basified with
saturated '\J;aaHPOS’ %glg{'ggn until pH 8 and extracted with DCM (200 mL x 3). The combined organic
wit

phases weré washe brine, dried and concentrated to afford the desired product, compound

1503, as a yellow solid (22 g, 84.6%), (00427) Dimethyl sulfatfﬁ 3 332 mmol) was added
dropwise to a solution of cofipo nd/@s (4.2 gteg9.9 15 mrrfﬁgDZ/mF ghe (20 mL). The reaction
mixture was stirred for 4 h @,{" Chth F(Faaupwe%to cool to ra¥im terhperdRike and concentrated. A 40%
NaOH solution (15 mL) was; s t0“the residug) The resulting mpure was stirred for Ib at 80 C, then
cooled to room temperatureRan%giluted with 1%2/0, L), acidi%’ﬁtkeoncentrated HCI solution
until pH 3 -4. The precipitated solid was coIIecte‘\d’By filtration, W@ghe\d‘with cold water and dried to
afford the desired product, compound 1505, afan off-white solid. (3.54 g,.84.4%). 20 [004281 To a
stirred mixture of concentrated 112504 (3.6 mL&Ad fuming HNO3 13'1 mL, 73.9 mmol), the acid 1505
(2.813 g, @ minreiinvas saeec Ao 8OmpolitBatina noMHalkyieed aith shi bpeichiDy dubsaitet0C, and cooled
to roo%t%mp@gm,gm(;hﬁ,g Rektieddpisuiee@ial. AL Prestitated solid was collected by filtration,
washed Witgeggtagggggnqquged to afford the desired product, compound 1506, as a yellow solid (0.795 g,
21.5%). -101- f00429] A ranixture of compoupd 1506 (1.508 g, 8.15 mmol) and SOC12 (6 mL) was
refluxed for 3 h., then cofcaptrated to remgve SOC12. The resitNie as@olved in CH2C12 (8 mL).
To this solution, Et3N %ﬁ‘(’g )-{erd-toldigme (a2 g0 3 m%ga%mag at 0 C. The resulting
mixture was stirred for 3 C, concentr and diluted with &ataf solid was collected by
filtration, washed with water and petroethe[' 3%r,‘jed to afford the desired groduct, 5 compound 1507, as
a yellow solid (1.74 g, 72%8%). [00430] To aStifred mixture Q‘scompouﬂ 03507 (1.73 g, 6.31 mmol) in
MeOH (100 mL) and THF (10 mL)8%Pd/C (0.2 g) was adged Prhe mixture was degassed and
back-filled with hydrogen three tir Hd reaction mixturesaés Nififed overnight at room temperature
and then filtrated. The filtr&tepdas concgntrated ifitemduo. The"olid was dried to afford the desired
product, compound 1508, as a pale s@lig-1.47g. 95.4%). 10 [0Q Chloroacetyl chloride (1.44 mL,
1.99 roma!) was added to a solution'of se@p¥lnd 1508 (1.48'g, ol) in acetic acid (20 mL) and
the reaction mixture was heated to rB#ix for 4 h. The reactiontfal¥xture was cooled to room temperature
and concentrated in vacuo. The residgg4was diluted in DCM (10f,p3L), washed with saturated
NaHCQO3 solution and brine, dried and concentrated. The residue was purified by flash
chromatolPAhyRerTng (P RATFMP St SR rere ARt P Rttt PO A B S PaC e e PatE p¥8RIuct,
compounghie§DSlegidethoffepite S drprBiey 2Bty aibntoBerndpctsutemrerne pf Formula 1302, is
3-iodo1bH ipiaek RESide o] pypemaidineb-a Arierer(r@ 8 p (B4 13A%)is tdPedrintisljoarrdor®E€03 (330 mg, 2.39
mmol) in RMEdtohidilohamas. shifyie oviat diosrdenipeid i reefordd Thdnrodacsakatiprnafoafompound (1509)
(180 mg, AohRimBa8)is k. iIREMAE {3 Mk Wasesldeshgsa viiseralla omsempanat sryidike resulting
mifth? V%%gm t t_ﬁ&@}%&%&ﬁ%ﬁ%@fg@@&&ﬂ%&{%}ﬂ@&qu&ma@mmxngs@om}?vz ttf;]e ?jrgani(c]I
solvent. res residye was purifi : ord the desire
lbe?emn%flo gg]?egéag?}, (Li{%;z , 8 cogﬁ(ﬂmé% g’ I-boyrn%l§ igg?isggl’ 88%@,%&9 UJ{B‘E%Q %4%%!@

product, compound 1509 mg, 44.9% vyield) 20 as a pale yellow' solid. ( ompound 1510
(40 m&d OPFEHRIRE NESCB ’(’ﬂ%‘rﬁ§° f’gédr%dr%o mangi I-S’ﬁ%l%%d(l?ﬁ mg, 0.015 mmol), and
3-fluoro-4-hydroxyphenylboronic acid (15.8 mg, 0.101 mmol) were dissolved in a solution of DMF,
ethanol and water (4 niL / 2 mL / 2mL). The resulting mixture was degassed and back-filled with argon
three times and then heated to 80 C for 4 h with stirring. The reaction mixture was cooled to room
temperature, neutralized with IN HO 25 solution until pH 7, concentrated in vacuo and extracted with
ethyl acetate. The combined organic phases were dried over Na2S04, filtered and concentrated. The
residue was purified by flash column chromatograpka-eluting with DCM / MeOH =50 / 1 to afford the
desired product 1511(32 mg, 82%). 100434] Example 3: Synthesis of
34(4-amino-3-(3-hydroxypheny1)-11-1-pyrazolo[3,4-d]pyrimidin-I-yOmethyl)-8-
methyl-2-o-tolylisoquinolin-1(2H)-one (Compound 1610) (method A). 30Scheme 16. Synthesis of
3-((4-amino-3-(3-hydroxypheny1)-1H-pyrazolo[3,4-d]pyrimidin-I-yOmethyl)-8-methyl-
2-o-tolylisoquinolin-1(2H)-one (Compound 1610) Via method A is described. N Nd NaNO2 COOH 0C
to RT. 15 hrs WH2 104 COCI H2N TEAIDCM 1601 Bu3SnCHCH2 Pd(0A02 PPh30SOCI2 THF
'DCM COON Reflux, overnightOH RT, 1 -2 hrs 902 NaH CICH2COOEt DMF RI ,Overnight, N2




0504 Nal104 1,4-dioxane /1120 RI, Overnight 1610 1609 5 1004351 A solution of
2-amino-6-methylbenzoic acid (104) (106.5 g, 705 mmol) in H20 (200 mL) was cooledto 0 -5 con.
HCI (250 mL) Was added slowly. The solution was stirred for 15 min at 0-5 C. A solution of sodium
nitrite (58,4 E'i"ﬁ ?P) in H20 (120 mL) was added dropwise at 0-5 C, and the resulting mixture was
stirred for m|n en above solution was added to a solutlon of ICI (351 g, 2.11 mol) in H20 (200

mL), and the resumg Mixture was stirred at RT for 16 h. The solun was poured into ice water (2000

mL) and extractedwjth'ethyl acetate (3 x 1000 2OEPHL),Chhe cOmb gwprgamj I&yer was washed with
aqueous NaOH %00 mﬁ%e\gmueo@é@waﬁmd 0 PH = xtracted with
ethyl acetate (3 X*¥000'ml.). The combinged organic layer was Oriethaver Ng2SO4 and filtered. The
filtrate was concens{)?ted in vacuo g, ffiofFihe de§|reg product; gsiodo-§ methyllg Pgmc acid (901)
(145 9,.79% yleld)l as a yellow solid (00436] To a stirred mixture of 2- -iodge&-methylbenzoic acid (901)
(105 g, 400 mmol), Pd(OAC)2 (27 g, 12@:mmwl) 15 and PPh3 (63 g 240 meA) i THF (.1000 mL) at RT,

ggueous N§OH (15%, 5 x 200 Aldod NE combined
ghé (3 x 1000¥M%6). The combined

cegtrated in vacua to afford

) asfa yellow solid. (004371 A
wEhtaride (208 g, 1750

;@xﬁCld (902) { ’Sﬁo mmol) and th
mmol) in toloene (#00 as sfirred.at reflux f n Themixtore Aancentrated,in vacuo to
afford the desired product 2-methyi<6- vmylben yI chlorlde (1601) (63 g, 95% yidld) as a yellow oil.
The product ghiained was used direetly in 25 the ¥kt step withpeit purificagigs. H mixture of
o-toluidine (45 g, 420 mmoly4nd Triethylamine (72488 70 mmol) in CH2CI2 (300 mL) lwas tirred for 10
mm at RT. To this mixture, 2-methyl-6-vinylbenzoyl chloride (1601) (63 g, 35 mm added, and
the resulting mixture was stirred at RT for 30min. The solution was poured into wa 0 mL) and

extracted Wi Gl (R il Qf@éﬂp Pysh Nagsb . anddUaisd e Wi lgeRs copcentrated in

vacua to cr pro uct crude product was e in IP r Iether) (300
in,L), stlrrEaHaSH"Pe“ﬁ'ﬁ%?c‘)’?pgffmln AN 't%é’r?n(l:%e(()%t 5 E‘)Oué . Eé;ﬁgr)etgrp atcgwggézic? gct(ae%é Dy filtration

and furthéPenged shFoERlid 4 é"r’ro?ﬂ‘m‘é‘%‘é§ﬁ’€8‘ ‘t?&tfdf"‘?‘v‘dm‘é ERCEESIT- BT 6 2aide (1602)
(81 g, 80%myiieiuf)oAEmye IR isEid fotb@%r“!f’c?)ﬁ’%ﬂﬁﬁ‘b?b?‘hﬁ?tfﬁﬁw‘ﬁ %‘rﬂ%“?ﬁmﬁfenzamude
(1602) (8@ogmd2@omitin!cHatiDIFBI(RECaritpRarRTINENT (8O98rhofimeriall 4 isBtey. Baferiratiol) was
slowly pddeiseiie 16StinednixitiEorvasatimediatdel foh 89 (ainnitil)Tichkinsataditn (@) ethy|
chloroacetaled Z8 Hnb4RimehVRs e ddashantshpiassitigumnixter anvasmsiinad iR fas2 h. The
solution was pourgd. into,water (O M) andextacied wibathykacekated3ix 200 Mlahislied over

Na2S04 and fitereds. ‘?J"tfaame%ﬁocﬁ,%&%mmmmm LR EINAE RIRSLINAR RHspended in
MeOH (16‘6 ?_) Stifred at reflux for 10 min, ﬁ. n.cooled to.0 recip qrgwas collected by

filtration oV fef REPHSEF AR Te s e esﬁréc Sroauches thh ol DRSS

2-(2-misthg Rpp2rsRrRoB A AT LTI JBY qratsteo Te By 86"7 &‘"é?%‘%%l&)efe"‘“ RRFEE"Blid. 15 1004401
To a stirréichemindtiRiens: e taypRdefRiestia MeLitEsATIE A AR Al BT de L% PIBB%)* (67 g, 200 mmol)
in 1, 4-dioxapen@@Gommil} b8l F42 b4 pf FraruR THD s iviefed: tetroxide (20mg) was added was and
stirred at Rieiosod38cneike.13:0 this mixture, sodium periodate (86 g, 400 mmol) was added and the
resulting mlxturgawas stirred at RT for 16h. The rgaction mixture was fifered through silica gel (10 g),
the filtrate was ﬁ)& sted with ethyPieidte (3%20Q,mL). Kog co Srganitdayers vere washed
with brine (100 dried ov . Na2$64an d. The filtrate concenf@Té’d in vacua and the
residue was further dried m"\/a Q@ to#ffbrd the desired protfeitt, ethyl 2-(2> rmyl-é’-
methyl-N-o-tolylbenzamiet®) aCetadte (1604) (38 g, 57%; yield) as a yellow said. 1004411 To a stirred
solution of ethyl 2-(2-formydn6-methyl-N-o-tolylben am o'}\acetate (1604) (3379 12 mmol)ih EtOH
(200 mL) and et acetate (100 mL) at RT, cesiaft carpanate (22 g, 142 mmg as added. The
resulting mixture was degassed and back-filled with argon three times andkm n stirred at 50 C for 5 h.
The mixture was 25 allowed {8'cool to RT, filtered through*@lica gel (10 g), and'fhe filtrate was
concentrated in vacuo. The residue was poured into’H20-(200 mL), extracted with ethyl acetate (3 x
200 mL). The combined organic layer was washed with brine (50 mL), dried over Na2804 and filtered.
The filtrate was concentrated in vacuo. The crude product was suspended in WE (120 mL), heated to
reflux for I0rnin, and then cooled to 0- 5C. The precipitate was collected by filtration and further
dried in vacua to afford the desired product, ethyl 8-methyl- 1-oxo-2-o-tolyl-1,2- 30
dihydroisoquinoline-3- carboxylate (1605) (28 g, 77% yield) as a white solid. 1004421 To a stirred
solution of lithium aluminum hydride (8.28 g, 218 mol) in anhydrous THF (500 mL) at -78 C under a
nitrogen atmosphere, ethyl 8-methyl- 1-oxo-2-o0-tolyl-1,2-dihydroisoquinoline-3-carboxylate (1605) (28

a Q7 mmnl wace clowh/ added ovver a 10 min nerind of time The raciiltina mivtiire wac allowwed to




20 (1608) (13 g, 24.9 mmol) and 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (1609)(6.6 g,
30 mmol) were dissolved in DMF-EtOH-H20 (120 InL, 40 mL, 40 mL). Pd(OAc)2 (1.684 g, 7.5 mmol),
PPh3 (3.935 g 15 mmol) and Na2CO3 (13.25 g 125 mmol) were added sequentially. The resulting
mixture was degassed g;md back-filled with argon three times qnd then stirred at 100 C for 1h. The
mixture was allowed t§ copl to RT, filtered through silica gel (10 g an%:oncentrated in vacuo. The
residue was purified [ § column chrom hy on si ) % 25 MeOH/DCM) to afford
the product (1610) (97 T6%0yield) as a slight yellow solid. TRém&boye product was suspended in
EtOH (100 mL) and heated to rg 0 mBiepkhe mixture was allowgd t 'éQgtl to RT, and the solid
was collected by filtration. T SO|I wasg then suspended in EA (10#4mL) ?nd irred overnight The
precipitate was collected by fi Y further dried in vacua to a Sired product,
3-((4-amino-3-(3-hydroxyphen razolo[3,4-d]pyrimidin-1-yl)metfy1)-8imethyl-2-o-tolylisoquinolin
-1(2H)-one (1610)(8.4 g, 69% Yield) a5 'a white 30 solid. [00446] Exaﬁmle 4: I§§7nthe5|s of :
3-((4-amino-3-(3-hydrox3Theny1)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)meth 4%
methyl-2-o-to|ylisoquinolin-1(2H)-{ﬁ% ( Compound 1610) (method B). [Ogﬂ' 7] Scheme 17. Synthesis
of 34(4-alwasel-Be(Srhyd Roxgytioh 8erye 1 HSpyaid o8, 1) yrastwdiiritrialyRr edfr iy hegresence of
methy1-2-Matahylispas ol kb iane, EEaE auheintbapaial nfethod: Bis Tesorised dDMe

3516071 £Qdhd 5438 10ad D ReiBihedo Rt baraiphesitla-thtmpazobo RBriodBytinveiid4-amine
(1701)(964 1y, & MMRY.ANS, ROIARSILI. R oraw%@@a@m%ad 4rFomab4ere.Aissolyed in anhydrous
ME (150 i) a S“f[?% A Bh Rk anamal v S elifadohdeagunayn 12H)-one

(1607) (1°57 '°" e resulting mixiure was stirred at RT for 30min, poured into

ice water{$ L)egﬁﬁﬂnfﬁé‘ﬁ‘eé%fféﬁ‘éc&”%etﬁ BRAST & TR (8T BB 3 4T he BESHbmed Organic layer was
washed M ibispiedoRefsting RstisoSrsI 582 418 ‘m@i’é‘lﬂ’ of P 31 b SR EHHEATTREEd in vacuo and
the residaeingspisrirednipyufib s ookttt Hits mearoggs igonediifsas eke?-20% Me014/DCM) to afford
the demiredlpmdimheme 16:

[ ethyl)- 8 methyl -2-otolylisoquinoli
n-1(2H)-one (17 yi Iﬁ,%ﬁ%}\ﬁ"w id. 1004491 80lution
344-amino-3-(3- Vgﬁ)hen 11— Ryrazo d]pyringidin-1- thyl)- &methyl -2-0- 10
tolyllsoqumolln4(211} one (1702 00 mg, 0.2 mmol) ih CH2CI2 (20 |nL) t -78C under a nitrogen
atmosphere, B13r3 (1 mL) dded and the resu mixture w at -78 t for 3 li. The mixture
was allowed to warm«o RT, ed'ﬁnto ice-watgr ( OJnL) and e \ira d with ethyl acetate (3 xmL).
The combined organic layer was ashed with br (ZgrrlL) dried"6 j‘a2804 and filtered. The

filtrate was :concentrated in vaguaH®nd the resiekle w%ﬁpurlfled baysfla% column chromatography on
silica gel (10-50% MeOH/CH2C12) to afford the desiretf product, 3- (fﬁ 15

amino-3-(3-hydroxyphenylpy1H-pyrazolo[3,4- gpglmldln -l-yOmethyl)-§-nfethyl-2-o-tolylisoquinolin-1(2

H)-one (1610)(87 mg, teld) as anNrdBlte 664501-4§iample Yithesis of
(R)-34(4-amino-3-(3-hy =1-ynyl)-1H-pyfa 4-d)pyrimidin- yOme yI) -8-methyl-2-o-tolylisoq

uinolin-I(2H)-one ( Compound x802). Step3’5cheme 18NSyNnth&'ts of

(R)-344-amino-3-(3-hydr ut-1-yny0-1H- py [3,4-cl]pyrimidin-1 O ethyl)-8-
20methyl-2-o-tolylisoquirftlin 1) one ( Co 1802) is descri (Ph)212C12 Cut
(i-Pr)2NH TI-1F 80 C 0 5H'= 2N 1801 11211 1 4608802 [00451]

34(4-amino-3-iodo- lllf%yrazolo[sqﬂ -d) pyrimiais- methyl) -8-methiffe2- o tolyllsoqumolln 1(2H)-one (
1608) (522 :an 1 mmol) an R) hbut 3 n -2- oId 1 tTOQ‘ erel(g!ﬁ ved in anhydrous THF
(40 mL). PREFReftmRanReqly S80S SndBadKSie i Ffﬁ 76gen three tmes. BA(PPh3)2CI2 (12 mg,

0.1 mmolyleH{arRig @‘QB‘ZBPH‘TWD’%??& YF’P@?‘N‘H "(%‘6?"1‘??@ CEF AN B Wefl Sfet <quentially. The
resultity RoimuleEs4 isdselatefn Rséering ol RracRofibsarsd it Siar gobs eRTPEUIHRER TN P BERPEH I reflux for 4h.
The mixtycessuashadiove thtorconditohRFTpiNtared ftrroidghiasitiuzege o] Fomyaaiaed cRrfedmtiated in vacuo.
The residri@méascpifiedbysflasbapduinet BhromEo gnaply von SHieatgeti(Q42aepNelH DGM ) to afford
the produgia 3, (R3dhhanin0 3 (RDudr pxyhei<bnpeblofitdrRyiEazalafid, dr-a Ry eniditni-1604 is
yOmethyl) 8:methyl-e-9 ;{QJA{IQ%MQIH‘S&@HLQ&%%Q&@&Q 1089is (R2kaviRId)L A8 slighily yellow

solid. 30 1004521 Examp g DESIS. Of pound of Formula 1605 is isolated. Referring to Reaction Sch
34(6- am.ﬁ'c‘)’%ﬁ ST °Fr“?ét 5! rﬁé’?hm§i’"é’ S SoquInoNn-1 (21)-0ne (Compound 1902).
100453) Scheme 19. Synthesis of -72-

34(6-amino-9H-purin-9-ypmethyl)-8-methyl-2-o-tolylisoquinolin-1(2H)-one (Compound 1902) is
described 1901 NN 16071902H2N 1004541 914-Purin-6-amine (1901)(540 mg, 4.0 mmol) was
dissolved in anhydrous DMF (20 mL). NaH (60% in mineral oil, 160 mg, 4.0 mmol) was added and the
resulting mixture was stirred at RT for 30 min. 3-(Brotnomethyl).8-
methyl-2-o-tolylisoquinolin-1(211)-one (1607)(1.37 g, 4.0 mmol) was added. The reaction mixture was
stirred at it. T 5 for 30min, poured into ice-water (30 mL) and then extracted with ethyl acetate (3 x 50

mL). The combined organic layer was washed with brine (25 mL), dried over Na2S0O4 and filtered. The
filtrate wac concentrated in vaciino and the recidiie wace niirified by flach eolirmn chromatonnranhyy an



10 1004551 Example 7: Synthesis of
34(4-amino-3-(3-hydroxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yOmethyl)-2-
isopropyl-8-methylisoquinolin-1(2H)-one (Compound 2009). Scheme 20. Synthesis of

34(4- amlno 3 ( drox razolob.4-c r|m|d -l-yOmethyl)-2-iso ro I8-rnethylisoquino
lin-1(2H)-8na ?g ”mﬁ°¥dﬂ’ﬁg%z‘}§8£%n Z‘é }uasfan% Koj2' %@i’ 8@8 PPh30OH
CICOCOE?PE?E‘R/PfﬁqTE‘R’f““i T?ﬁ?&‘%ﬁ&%?"ti\’)&"rhﬁ&‘dfgtﬁ‘tfrCH2c00Et M toluene i. H2N1'LCOOEt
20012002 REEfoCHEn el || 'DCM +c iICOOEt RT 0.5h 16012002 0504 Na104 CCOOEt
R1.Tffdoiovxearnnie / HO ght2 2003 [00456#%*Toga stirred mixture of 2-iodo-6-methylbenzoic acid (901)
(105g. 400 mmol), Pd(OAC)2 (27 g, 120 mmed) ahq PP113 (63 g 240 mol) in THE (1000 mL) at RT,

- tributyl(vinyl)tin (152 g, 480 mmol) was adq The resulting mixture was heated to reflux overnight
The mixture was allowed to cool to RT, filtered ffzyougbeilica gel (10 g), and then concentrated in
vacua. The residue was poured into ice water £W 00 mL) and extracted with ethyl acetate (3 x 5 1000
mL). The combined organic layer was washed ig) agueous NaOH (15%, 5 x 200 mL). The combined
aqueous layer was acidified to PH = 1, extragged yvith ethyl acetate (3 x 2000 mL). The combined

[ filteate was concentrated in vacua to afford the
02) (bf;?ﬁ&% yield) as a yellow solid. [00457] A
mixture of 2-methyl-6-vinylbenzoic acid (90 G, X&) mmol) and thionyl chloride (208 g, 1750
mmol) 10 in toluene (400 mL) wasSstited at reflesefor 2h. <Iih%‘tin"iv’(ture was concentrated in vacua to
afford the desrred product, 2- methyl- -vmylbenzoyl chloride (1601) (63 g, 95% vyield) as a yeIIow oiI

(2001)(59 g, 1.0 mol) and ¢

epe\dgrlssolved in toluene (200 mL) and
the mixture was stirred at rg eaction m e Was alloog to cool to RT, poured into 15
ice-water (500 mL) and extracted | acetate (3 L)\ The Combined organic layer was

washed with brine (50 mL), driethoven 04 and filtereghsT he fijtrate was concentrated in vacua and
the residue was purified by flash columnjchrgmatography on sjjica (10-50% EA /PE) to afford the
product, ethyl 2-(isopropylamino)acet 52) (709, 51% i s d oil. [004591 Ethyl
2-(isopropylamino)acetate (2002) (14. 5%,]—— 0 mmol) and triethyl e (200 g, 200 mmol) were ' 20
dissolved in CH2CI2 (300mL) anfl the mixture was stirred for 28"min at RT. 2-Methyl-6-vinylbenzoyl
chloride (1601) (18 g, 100 mmol was added, and the res It@g Jpixture was stirred at RT for 30min.
The reaction mixture was porf’re into water (300 mL) andyextracted with CH2CI2 (3 x 200 mL). The
combined organic layer was wgsheg with brine (50 mL), dried over Na2SO4 and filtered. The filtrate
was concentrated in vacua to ffor the. crude product The crjude product was suspended in IPE
(isopropyl ether) (300 mL), S f
collected by filtration and furths
methyl-6-vinylbenzarnido)acetate,,ggo ) % 5 g, 50% yleld() as a yellow SO|Id [004601 Toa strrred

solution of ethyl 2-(N-isopropy1-2-met y%;rpylbenzamrdo'ﬁ e (2003) (14.0 g, 48.0 mmol) in

1,4-dioxane (100 mL) and H20 (30 inL) ¥m tetroxide ( wqs added and the resulting
mixture was stirred at RT for 30 min, TO\__‘__ Jmixture, sodijum peri (22 g, 100 mmol) was added
and then stirred at RT for 16h. The B0 reaction mixture was filtesed through silica gel (10 g), the filtrate
was extracted with ethyl acetater¢3 x 200 mL). The combingd4rganic layer was washed with brine (50
mL), dried over Na2S0O4 and filtered. The filtrate was corfcentrated
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in vacua and the residue was further dried in vacua to afford the desired product, ethyl
2-(2-formyl-N-isopropy1-6- methylbenz.amido)acetate (2004) (8.33 g, 57% yield) as a yellow solid.
[00461] To a stirred solution of ethyl 2-(2-forrnyl-N- isopropyl -6- methylbenzamido)acetate (2004) (8.3 g,
28.0m tO (100.mL) and.e cetate .cesium rbona .9 g, 30 mmol)
was addgcp 51 er%"é‘ﬂ%tln&eaﬁ%l&t%%émvflig %% assed a 'fg"f ci}q are yon three ti .“%16458 and then

stirred at BHEYGPEh N THRGIRREPS %gg’%ﬂ’leﬁ\/{/%cf f"&"'&fﬂ' fé“ﬁpfe fi ﬁeé’Fécf’ﬂ’ﬂeo‘ﬁ&sﬁdé“I R 8R11(10 g), and the
filtrate waeneHRESTeFaRer i RosptRf 0T R ?%fﬁﬂ&éqﬁfagfﬁ{sﬁ%a”hﬁmm@eeszf&ﬁ*w@mmm ethyl
acetate (BexeROGdh sarifinbdeotattimetbnisgar erédyrer wapwasHast with doriprnGd Ferinyladdtidsover Na2SQ4
and filtereshvaredilttatowas EOROEMIAbE elliyluac de Thie: citigen produchiwas Suspendetiia IPE 40 (120 -
mL), stirrgdiiteiliex daneleminansdiihencogirida &G qhevpranipitaimpwan sallasird-y filtration and

further dr&x@cﬂ@a}{ m&g %JQ&%&Q%Q%%&%Q W%chﬂe compound of Formula 1702 is transformed by,
2-isopropyl-8. mj X0 L2l }’QSEQ'SO%?'Q?J&”%%m%aJQ,Q%‘)é'at 312005 5§§&m? 90407599'0') as a
white soli “f0 3 stirred solution of lithium aluminum hyd I : %03 RrQ |n anhydrous
THE (2od’rﬂ}35“atv“"78‘sd‘i§‘ﬁ%? % PSR APRTR OTR AT Bt “‘"i‘°°’" ond o Pirnul

2-isophdpeaitnedpe 1Z5%e 1L Zhﬁfﬁ‘ym‘ﬁ%‘tfﬁﬂ‘m&iﬁ’é%s “6%‘?58%{’?&1%“(20195‘)"(5%”1’@“%00 was slowly
added overuan 1 Gr9wns 3reripdne b vrmuld Hl4 cBalkimgepndai iemwad 78disiweleletb Befarrinaty R8GUC stirred for
30min ansthbhEl 5lepved thenampletiomaf 11g keaictiory dlveredlnéhn xturetyesiceatedptondt8 C, and
water 5 (pG-Hhale i vasrsQwhraddedmlinerenixiuad asraiperkdaw samo Ritditeraethiough silica gel
(10 g), arb‘f';@-&ﬁﬂ?ﬁ@s%&%ﬁ%?mgﬁt?@‘&'r} Vesehithe ERG GEp'dl6r BriRdLetonasRauked into H20 (200 mL)

and exjracted witt edﬁngmm%t Cokind ,,%9,95 Nk 118 SRMRINGH ESRRIGI DR NARWARIGH:Yith brine (50
mL), rleg’%a\zler ? tered ewg concentr%ted kgr\égg\%?re'mg Bye%i(‘a g)roduct was
y Tilt

Itrat
suspendédRe Rt hé'é’%%a‘teefgoz mﬁfomﬁcd’ Stir |r}r¥ d for 18%%5 e so was coliected | ation and
further dr%ﬂﬁ%ﬁﬁ&%ﬁ?’%ﬂ‘fﬂﬁﬁﬁ@ﬂ’@s’i?% Drowmeens T raPBRy AL TR i - ’2"5@6%1%"}56371“%" 10
methylisdtpeitiesl ftherte H) S & 32006 TS S P oBDb 1L ienr dietize pieaso Hih ppeRB3te resiiéeolution of
3-(hydroxynetinybF-Borisdpropy HE-smativd sOtpoib| I8 b ne (2006) (1.61 g, 7.0 mmol) in CH202,
PPh3 13.6 7Trgacliéa@ameaal): was added and the mixture was stirred at RT for 30 min. The mixture was
cooled to OC, and C13r4 (4.64 g, 14.0 mmol) was added in pgrtions. The resulting mixture was stirred
from OC to RT for 30 nh, apd then concentrated in vacuo. The cr de/p.@gg,;.was purified by flash
@ ® desired product,
(280 65 g, 80% yield) as a white

3-(bromomethyl)-2-is

solid. [00464] A mixture/0M340n H—| pyrazolo(3 4 pyr|m|d|n -4-aming (1084) (1.3 g, 5 mmol) and
potassium tert - bUtOXIdeA,Q 55 g, ?3 iInmol) in anpydrous DMF (26"mL) ' ed at RT for 30 min and
then 34bromomethy0-2- isopropyl-8-methylisgqusealin-1(2H)-one (2007) , 5 mmol) was added.
The resulting mixture Wa sgﬁéd at Rff 20 fér 30min, poured into ice-w te O mL) and then extracted

). The combined organic layer was washed‘wit# brine (25 mL), dried over

with ethyl acetate (3 x 80 inp
Na2S04 and filtered. The fil ate-wasdsancentrated in vacuo, @nd the residue was purified by flash
id the desiggd product,

column chromatogran sifica gel (2-20% Me014/DCM) tolaffg edesi
3-((4-amino-3-iodo-1M<grazéls ﬂi d]pyrimidin| y@methyl byl-8-
(2008) (1.66 g, 70% yleld) as aw jite solid. 25 [00445] To astH P

34(4-Amino-3-iodo-1H- pyrazolo[3 4-d]pyrimidin-l-yHmethyl)-2- |§pprop
methylisoquinolin-1(2H)-one (2008) (95 mg, 0.2 mmol) and
3-(4,4,5,5-tetramethy1-1,3,2-dioxaborolan-2-yl)phenol (66 mg, O ) IR DMF-EtOH-H20 (3:1:1,20
mL), Pd(OAc)2 (16 mg, 0.075 mmol), PPh3 (39.3 mg 0.15 mmofQ and 03 (132 mg, 1.25 mmol)
were added sequentially. The resulting mixture was degassed and bBack-filled with argon three times

and then gijssert-+HADERQE I RcnERE 18) Bilp icuwasnpllauve ehiautaobia Bisdieraddorewagh silica gel 30
(10 9) and goncentr %Me@mnmecmmwmma@m&mmqgumﬂmmgt@mmhy on silica

0
gel (2 -20 A) MeOH/D 1t£ éhaff%ir (&) ZPD';)%Q:on mn§ synthons which can be de rotected, and converted to the

34(4- amlnoaﬁ1 rhtmérox raz rlmld
|soprofjsyl-a§‘-%¥éfﬁ§7ft§%ﬁ&“ 'ﬁso‘ﬁﬁh‘_’l. i'—‘l E"¥ g ga]% GY/: |e"I '%%atglg] Illeﬁﬂm R Solid. [00466]

Example $heifiih&&p é’fe?ﬂt&°‘éﬁﬁﬁ%’r3“’€3’ﬁ9‘dfﬁ9&7ﬁﬁ8ﬁ‘?@’TH"B)ﬁ‘Fé“Z‘BfS[%SA"‘%f]'r} lsﬁ’i‘arf?? ¥ Ypmethyl)-4-
methyl-6-0-toly1-1,6-naphthyridin-5(6F0-one (Compound 2115). 35 [00467] Scheme 21. Synthesis of
74(4-amino-3-(3-hydroxyphenyl)-1H-pyrazolo[3,4-digyrimidin-l1-yHmethyl)-4-
methyl-6-0-toly1-1,6-naphthyridin-5(611)-one (Compound 2115) is described. oHfir-rAcOH CNAcOH
CH3COOHCNMe2N55C, 2 h RterlCOOEt ux, 6 h Me2N Reflux, CNCH2C00C2H5COOEt Overnight
210121022103 1414 2113108A21142 5 1004681 To a mixture of ethyl 2-cyanoacetate (2101).(45.2 g,
400 mmol) and acetone (46.4 g, 80115 Omrnol)
in glacial acetic acid (50 mL), piperidine (2 mL, 20 mmol) was added and the resulting mixture stirred
at reflex for 24 h. The reaction mixture was allowed to cool to RT, and then concentrated in vacuo The

residue was diluted with water (200 mL) and extracted with ethyl acetate (3 x 200 mL). The combined
oraanic Iaver wacec wached with hrine (50 ml ) Aried ovver NNla2<0OA and filtered The filtirate wac




5 mL), oxalyl chloride (11.4 g, 90 mmol) was added dropwise and the resulting mixture was stirred at
RT for 2h. The reaction mixture was concentrated in vacua to afford the desired product,
2-bromo-4-methylnicotinoyl chloride (2106) (13.4 g, 95% yield) as a yellow oil. The product obtained
was used directly in the next stgép Wiiihout further puri icat(;on. f00z4Z'311 oc-Tgtluidiqe ,7.7%?, 72 mmol) and
triethylanTets 1 PH A 8TS Wera drsar R i CE E ol thd T8 &t Te Tor 18 With at RT.
2-Bromo-A-amiseHyFRestHEPPRRfsiEETS B8 (5 HsEo8Mmmol) was added, and the resulting mixture
was stirrdopzasRRefgind ReFHen Rabrrerts Riag Spbeauerimo offarenie 80 oyt X ehaei®d with CH2C12 (3 x
50 mL). Tdeerdemiirerofganie layentwasen asivedpyvithidyeimeid? Qumhhit ekt ovenodaBS 04 and filtered.
The filtsatg. e &) earikaiachinvwaaua nniivrahih e arisleopragt cokfeusd derptedest wias suspended
in 1PE (isppsepy! ether) (50 mL). The mixture was stirred at reflux for 30min and then was cooled to
0-5C. The ng;gga;gmvé/ : collected by filtration 15 and further dried in vacua to afford the desired
product, 2-bromo-4-methyl-N-o-tolylnicotinamide (2107) (13 g, 75% vyield) as a yellow solid. [00474) To
a solution of 2-bromdid- ethyl-N-o- tolylnicotif@ntde (2107) (13 g,43 rhad) and tributyl(vinyl)tin (16.4
g, 52 mmol) in THF ) und&Nhimitroge meré,’@@toAc)ﬁgj%ééC’a mmol ) and PPh3
(6.8 g, 26 mot) wer g he resulting mi stirred at reflu The mixture was then
allowed to cool to RT, 20 filtered th%?ft}]ﬂ silica gel (10°g), aH@R8ncentrated in Vacuo. The residue was
poured into water (20@gwq-), extracted with ethyl gagatate (3 x 50 mL). The ggyybined organic layer was
washed with brine (30 mL), dried over Na2S04 and filtered. The filtrate was concentrated in vacua and
the residue was purified by flash ¢ fuiBin chromatography on silica &l ®0-50% EA/PE) to afford the
desired product, 4-matityl-N-o-tol -V Insiacc’:qotinamide,.(@ﬂOS) (8. R yield) as a yellow solid. 25
1004751 To a stirred-sotutiorrof 4>MethyiNRNtaly 1-2-vinymicotinansteA2 @8N\ 1 g, 32 mmol) in DMF
(50 mL) at RT, NaH @%% in mineral oil, ngymﬁolﬁwaé*added slowlykarpégyﬁ&‘resulting mixture
was stirred at RT f h{pin. Ethyl chloroadetabk (78 g, 640 mmol) was added stopwise to this mixture
at RT, and stirred & | The solution was poured into water (300 mL) and extracted with ethyl
acetate (3 x 80 mL). TheltBmbined organic layer was washed with brine (25 mL), dried over Na2S0O4
and filtered. The filtrateowas concentratezbin vacuo. The crude product W€ 30 suspended in MeOH (60
mL) and stirred at redtepx¥or 10 min. The mixture was then cooled to 0 -5C. The precipitate was
collectgd By fliration.anddurthendren inypackactapiir ithe depised weadust Ktk o produce
2-(4-methy R galplykigs JIRARIEQURAMIAR) BGGIRIS2 ARG 3 Qe Mislih 88,81l solic. 100476)
To a solution 0 etigy Z%Imetp%fN{o-toh/l-ozs- }\‘/DIQYLQI(CZQEWH&QJMQ rgcgggﬂtle gzélgfg)) n(g! } Oo3 é}hgnmol) inl, 4-
dioxane (BB BAY 30t 40 H A r R B T Honide (5 o) was addad And the resulting
mixture WABRHNRFOEFSB B 8% TS ol p SisEAR %}‘77“@1,93%°ﬁ‘?nﬁ}belf‘wg°s‘“‘§8(fj%°gn SRERE mixture was
stirred at RaPOVITGTEPR Rt frE WA AR OREN S REE TR BY), BR el SEeEWis extracted
with ettiyl18&6tase=(@. R0l REeciirbmBdStrdahicdnpendpaormais Ak inivaitsring (25 mL), dried over
Na2504 ana-ditiere eidkbrenfili aicpimasigones athataehiom vapuandthe pesicdusovasifdstiemdried unde
reduced pRsSHIEIRRIREE HIedanirad product, ethyl '
2-(2-formy k4 methiyl:N-gtolylnicotinamido)acetate (2110) (4.4 g, 72% yield) as a yellow solid. 40
1004771 To a stirred solution of gfhyl, 2-(2-formy1-4-methyl:N-o-tolylnicotinamido)acetate (2110) (4.4
g, 13 mmol) in EtOH (30mL) aae{’etfﬁyl aggta})e (10 mL) at T,’@e%iurrkpargonate 4.3 g, 13 mmol) was
added. The resultEEg E:gixturezwffalgwléegased and bac,kz-,g' th argdn thifee times'erael then stirred at
50 C for 5 h. Thg'm was-allowed pol ?111- to RFttered &gh:ﬁlli I (5 g), and the
filtrate was conc ed in vasuo Theregidue wasgpouredto H20Z0BAMbpoestracted with ethyl
acetate (3 x 50 mL). The combined organic layer was dried over Na2S0O4 and filtered. The filtrate was
concentrated in vdia. The crude product was suspended in WE (30 mL?, stirred at reflux for IOrnin,
and theh H8BBIReGOneBoReTiep Sshersphatierd s eastrartéef e A0 i Brtfuithem e S vacua to afford
the desirexdts ywirgdiaoteting Headrredtiph BithxerEaustiohAizBi Gy Iy pipeuck Grregokithsifdime2 28R Mo xylate (2111)
(3.0 g, 7284mpiaid paaurhie Salithed GE#FB] dReativl Sdens 2dusicn 2 ofd kbrprnna i Feimuia 249y dride (0.86 g,
23 mol) inaaksein Smids {EHL Rtk b prodbeeldRsiRiomdutiogRik 260 0SP bekfuad SOfutian mhethy |
4-methyl-R:0%0-6r0 k- BroinNdse0s L8 LN RRNNKHMNAR GRS 2E LdnHoands 85 % 0 mmol) in
anhydE u§JrI;g§n(20 mL) was added dropwise. The resulting mixture was 10 allowed to warm to -10C,
stirred for 30min and TLC showed the completion of the reaction. Then the mixture was cooled to
-78C, and water (50 mL) was slowly added. The mixtssre was allowed to warm to R, filtered through
silica gel (5 g), and the filtrate was concentrated in vacuo. The crude product was poured into H20
(100 mL) and extracted with ethyl cetate (3 x 50 mL). The combined organic layer was washed with
brine (25 mL), dried over Na2S0O4 and filtered. The filtrate was concentrated in vacuo. The crude
product was suspended in ethyl acetate (10 mL) and stirred 15 for 10min. The solid was collected by
filtration and further dried in vacua to afford the desired product, 7-
(hydroxymethyl)-4-methy1-6-o-tolyl- 1,6-naphthyridin-5(6H)-one (2112) (2.1 g, 83% yield) as a white
solid. 1004791 To a solution of 7-(hydroxymethyl)-4-methyl-6-o-tolyl- 1,6-naphthyridin-5(6H)-one
(2112Y (1 ORA 70 Mmool in C112C12 PP112RR A7 a 14 O mrnol) wae added and <tirred at Rl for 20




[00483] 2-lodc-6-methyl-N-o-tolylbenzamide (2201)(1.5 g, 4.27 mmol), which has been prepared from
the reaction of compound 902 and 2-methyl aniline, and allyltributyl tin (2.10 g, 1.5 mmol) were
dissolved in anhydrous DMF (12 10 mL). The solution was degassed and back-filled with argon (three
times). Pd(EP%§2§c£%§8 mag, (113 mmol) was added. The reaction mixture was degassed and
back-filled Wit argon ﬁﬁr’ee times), and then stirred at 90C for 16 h. The mixturé was allowed to cool
to R, partitioned between e[tgtl/a:@;.ate and 1-120. The grgahkedayer was washed with brine, dried
over Na2804 and fifteréd. T fltrake wals c ncentray cua and thi residuenasas purified by
column chromato i sHica-ge! g véith EtOAc-ane-Hexdneyto dfford-the desired product,
2-ally1-6-methyl- 5 tolylbgpzami d,dhg, 95% yield)F0484TcH 01
*2-Ally1-6-methyl-N-o-tolylbenzamide (22022}14800 mg, 3.01 mmol) was 2%@solved in anhydrous
dichloromethane (QbmmL . MCPBA (70%, 1.11 g, 4.52 mmol) was added and the resulting mixture was
stirred at [OPSHRIATINE [ A8t $hredlvite hdaerreerstifrar ol d! i F19rd Wikdt s WA B Htitioned
between Bt@xerine Komet 210hdheprsamie dEspercvietiiepad prlleflivpt o Istipne CYRiSH O PEfRA2TBA™N filtered.
The filtratef Fuasiicereahtrataduin viFoun)het thetR:ie sidid waspipuriiedibyd dsferina eRrari@tography on
silica gel elnéiagi1yeith FidAGnpdnak biexanes ie aftacddtihen desireoNmaipelidine to produce a compound
2-methy156-(Qxika902 HERsibyR- rartRly ez amide (R2QRMARMIAGmES Yoy iahh, JROASR]
2-l\r/]le(';hy1;&%&&@&%&%%%@@Eggwu@gﬂggm;%,(.z203) (860 mg, 3.06 mr:og a/(\)//as_ disgolveld i‘? .
anhydrous mL) and copled t r re,Na in_mineral oll,

mg, 6.12 Ww"r’r?"o’l)"é\?éféﬁé‘*o%“é&’f‘i‘r‘],s%%t?%’#sagﬁg gﬁnégre\e/ﬁsu tﬁﬁ’gg%%(%%ggv%%%ﬁ?}gﬁt%? 53 h. H20 (30 mL)
was sIBwhydEE s e e ARRPE TR S RIPAS LB RARETIAT 4 X8 Y™ ffie combined organic
layers welt8231h Jhetiomitt s Preerdrehi S erPRii LR o rh et AW aS Eoiifrated in vacua,
and the restbhde was purified by column chromatography on silica gel eluting with EtOAc and Hexanes
to afford tjoeebp HikomdeRRDEUIGENS (R el MR thytBundebing Ipiifedinl yle-PB dirdibycrpisaciinaslin-1(2H)-one
(2204) (43@@@&% ﬁé@é@na}s@%éi{)r, DNA-dependent protein kinase DNA-dependent protein kinase (Pubmed
3-(Hydroxymethy)s8: MeHyERxR; RS 3; diyiisguinelRsHe, Ho-RnadRaRA (430, 1.53 mmol)

di | d | h here.
s '(Sggé\f,r%% @@%3%6 r%%;agﬁgge AMEIN0G (2RI AN £20159%10,0C ¥oRehBR:AGRN atmosphere

: nd C13r4 (/6 29 mmol) were added se ially and the
resulting ﬁﬁ%%‘r%"%‘g‘g%ﬁ%% Lol thi0LoH rf)zlé’%ﬁ%)ﬁ%séé%?’%& n m%’fﬁrrgcwggggﬁtioned between
Et0AC and 24 FFHactrra RICTRYR FALSa0h s e WRFCHHAE IR SVEFRHL SO St filtered. The
filtrate wakinessmeentan B8l (R AN (OR383), A fpied pasitttiengrad (RRATINEL R L OnaltiFlctirari&Rygfaphy on silica
gel elutingawithEHBADR IR HOTRAMESD REDRPANC HSEITRY, proauchetuityio Hrosdidyin e
methy 1-2 :graidikaSedahlinyde is oquinalifuldidid) e @Ro0). (M SGnmeb ity ek st 61160487 1
3'(5fomOE%,EBMQf@r‘@ﬁ“g[}!ﬂm%:?rf@!ﬁﬁésdih%&iwGﬂ!iﬁgé(géaﬂehqm%@ma@%;mhé-12_ mmol)
and 3- lodg. Ll By ARoIAlR ARy I AN GRAN Qg9 IRRSE dissplved I
anhydrousD ok e DA, 2 SITRIWES aaded. D Isuiling giure was
stirred at BB PhE FEAEROR Tixture was partitioned between EtOAC and water. 1he organic
layer as'TARRd ARV MRt SvaMNE SEO A SISE TEYSE, °FhE TitF At WL eancentiated in vacuo,
and the ressHeiesiogarepinifiand 155 A AHERISRERB GRS o BRL Y e ehtrhith P MESnol and
dichlorometharTertoithfolchfiveud tes tead @p@@u@@’ less than about 100 nM, less than about 50 nM, less than about
. 3-((4-aminonSsied @xh Hapytiaz el 653 ikachioyr iof idiin Pyb)mstrpsieBetreibpph®-aoe taytde 8 dphdtitiyelroisoquinolin-1(
2H)-one (£:206) (ks gudhg YorWiaihle, AR Sehdent protein kinase DNA-dependent protein kinase (Pubmed
3(4-Aming: 3100 0-LEH-RYHRZEIR) A Pytaay iinskadiengtlyis-3x saci o At AlKd oot diffidiisoquinolin1 (2
H)-one (Z%Q%L (009,50 b1 Jemolya9d SiurgRandoxiphanyloginieaic k259,36 mg, 0.23

sso|ve

mmol) were di |

nD 4 mL). s degassed back-fil ith argon (three
times). PA{ ﬁég | ﬂé ﬁ'/f’g, ?éoéffc ﬁ%ﬁg %ﬁé&%&%ﬁ%’ﬁf%%?oﬁl%%ﬁr?%oﬁ\?%ﬁ4 mL, 0.44 mmol)
were addéCethERE SR BA FEANFA T FEM VS TRYEERRH AN BACK- NG Wi BigBh (three times),
and then SeippedcenaBEGPAMRO2PHR: Mkt wradns ismet R CUI-B R pafitidrict Betlleen ethyl
acetatésarfgidyrneiol 4 PH AN RPLATRIBWRE TIFB AN RIG DB urfiliesrb dnielksnEdntafed in vacuo. The
residue waspginitfiedhbyreoie kivascia rainadograpbiRon Billcade) ehstikicpssitisadie thafrblegrrcin.
dichloromethane to afford the desired product,
344-amino-3-(3-fluoro-5-hydroxypheny1)-1H-pyrazolop,4- 25
d]pyrimidin-l-yl)methyl)-8-methyl-2-o-toly1-3,4-dihyeh&isoquinolin-1(2H)-one (2208) (12 mg, 22%
yield). 1004891 Example 10: Synthesis of
64(4-amino-3-(3-fluom-5-hydroxyphenyl)-111-pyrazolo[3,4-d]pyrimidin-1-
y1)methyl)-3-methyl-5-o-tolylisothiazolo[5,4-dIpyrimidin-4(5H)-one (Compound 2313). Scheme 23.
Synthesis of 64(4-amino-3-(3-fluoro-5-hydroxypheny1)-1H-pyrazolo[3,4-d]pyrimidin-I-yOmethyl)-3-
methyl-5-o-tolylisothiawlo[5,4-d]pyrimidin-4(5H)-one (Compound 2313) is described. .."-K"CO2Et NH2
0-02 NCS 2302 S NHCOOPh CO2Et Er2 NH2EIOH RT, 3h COOEt s NHCOOPh RT, 1h
230523062307




[004901 A solution of compound 2302 (24.9 g, 0.19 mol) in CH3CN (50 mL) was added to a solution of
compound 2301 (30g. 0.19 mol) in at 0 C. The mixture was stirred for 1 hour at room temperature and
poured into 500 mL of 5 water. The reaction mixture was allowed to stand for 1 h. The solid was

et L ohin solessaly it sl s dirsuaali e deorec

compoun 3 as a red-orgnge solid 0049 a fion of compound 2303 (54 g,
0.175 mofF ety T AT %b%"e DLTON t(Jgttrcc()"rrrl o‘imérbln(%j ']i%f) ‘°r??6 llj(f?rastaetr?yls acetate (50 mL) was

added drephrisesms %&ﬁot‘éfﬁﬁﬁb'?&t‘i?m“m@’r@&ﬂtﬂéoﬁwB%ﬁ%e°wa§)§‘ﬁr?§8‘%?b§"h M &S mperature.
The solidavats ol bie thivyptiity Ziidh ey thamebdutl MG thsslteao ebat! mMeiffs fin AR B SINGdeprdtiuct, 10 o
COMPOSINgbodi30dhi} 6 Bss frbutafboye §0RMO21 A mixture of compound 2304 (40 g, 0.13 mol) and saturated
Na2CO3 Gk adA0cmbdiidRME (LR Bl Wiehaies ek Bsteak 8iGibid e semetiaamBaixbare was

cooled 0,/Qqrt LIRS AR mrreer@rmaaﬂggmcweaﬁeuamsosquemﬁ y filfration and dried
to afford t e %%“Ed rodgcM J}rfn?pound 2§man 16 66%)s 1004931 A mixture of compound 2305 (16

g, 0.086 el 5°’mol) in Water 50 mL Waslhea:{e fgroge%S hatr falruxf The reaction
mixture WY& ébB‘I%’H’TB“?B’SWW&ﬁ‘?é’Fé&?ﬁ?@ FUR A R WAL N FHL SoltitidR At B =3 4. The solid

was colleeel Byt Brerhesftingriett HnastrdTH Hinest sXiristrp PEIC R i tiRs %’(5"6“(’3?25 &, 88%). A
mixture ofngBrjdusntl P3OE: (IrersCOBBB Rl pe oy EBqtel bkt Sitdngstdrserrar it the
reaction midyie \wBsieaelel thaeomsempalatrgeandnpomdentiraiett thibk AibkieesicesBISOCI2.
Anhydroyg.{QlareraRdnli-Masadape inthniesitye artheencentcated sibhisprpaess was repeated
twice to r?emvgymﬁbﬁepﬂ%% 2P IR20 {00494k The crugecomnaunk3Qd s dissolved in dry

tolueng: (o2 Ml 200 (4 ut B Mok WA AGHRS 18,10 8RR IGMIRR, Hsesulting
mrxture was 53 eéo or |h at re ux, Co0 dgf) to room te ure and g te{ “rﬁé’ & 1ltl;gte“\x/gas

concentr&l&Y ¥BdRHELESNE H B ESme? Nean ety 38%85%“&“8&“ brine, Thé agueous phase was
extracteddwith %W%&%PWFH@ %Wﬁ‘éﬂ’@?@ﬁﬁr@‘ﬁfﬁé‘é?\ﬁ?@ﬁyﬁ?ﬁ‘gﬁ@a Sints BAME e with MgSO4
and filterechs JdngaresidbcrevaiipumfieRiHyndiesstr slertrratoaraPhjsdutirrgdRitrkiprstnoe teepasthyl acetate

from 50:1g0.&:dr iR S5 affionahibe, sleaicedprnoiiol;-cRMPCHNPI R30S (GOBMPBBEEA N [B04951 A
solutiajy %?EI?PBHQQ 2308 (600 mg, 2.43 mmol) and pyridine (0.78 mL) in DCM (30 mL) was stirred

for 10 mi @%95 ; jEINAIRRCENY GIRHAS bz &mﬁmﬂflmm )ar@aar%qgmb?preaqr,@pmwre was

stirred fo uenc Wrt Water e%ggﬂamr;éc as 8(3 jmseggratsea and vy acsarggd with water,
brine, dridt% Pfé’i’?degﬁaeyonc'elﬁ KEFS Hfor desire &€ compound 2309 9 (700 mg, 89%).

[00496] A“?Fﬁ%t?j’r’é%ffﬁfdﬁ?ﬁﬁ‘ﬂ??dné%gx{‘éﬁﬁaﬁ%’, oo 8‘56%9?3 ¥B"HPES (RAEVRATEY overnight at
120 - 130%D {ikdoabbi)s et Hasetled Wik, @rhet@éeﬁah*?ﬁfiﬁnwveaeﬁw 18 FsomAetipéritire and
concensrapuo-Thipordsiehdawdsipiitt oifsevik terreriodithirstal trotbening WEtsinand then basified with
saturated Na2CO3 solution until PH 7- Brabhe«tiga tiedpyioasvas separated, washed with brine, dried
over MgSideanth SaRGERAIGEH:S Sl desichueMiosipid dbigsig tashnhebiapaategrappyseluting with
petroethey in ethyl acetate (PE/EA=20/1) to afford the desired product, compound 2310 as a yellow

powder (gﬂ%ﬁ%i 23 A); 004%,J,tef§m p%éZ%m'g@an&%éé @m&'kmm%e&&aa&lmpn of

compoun %mm "ﬁém mmoS‘ P 3inL) at RT. The reaetré)n mixture was stirred for 30

min., a’ﬂd’ﬂa%fuﬁ‘br’?%?f’@élﬁ’r 6&?&1%?{8 &5‘6 eete“@"%%m?e oh i c\‘/‘vggezs;{&dled dropwise. The
resultrng FATRACH ESRPAE S‘i‘i‘r‘?&ﬁsﬂ‘}}a‘ﬁdW&ﬁﬁ’?fblﬁﬁeerﬁré?g’aa’f'ﬂ%’yfég‘f‘dH&“%‘Wé ”Eftfr@r‘é%y flash
chromatograipfirysisiaeierimuivts (ERSm AETIIEBT st & A HoTisine Berire BT R oIS as Bt -white solid
(65 Mg, 60488 Toos sohatieRObTOPBNbThLS 2 OaesOraTpdrmsinthEns PBEM (10 mL),
BBr3(190ihiftige BséBesnmalpiasors ool pepwiseiatbrdiBis titen tivseroapti opimixtureyvaseallowed to

want tgsrapmdspatatureanshstirred for overnight. The reaction mixture was poured into ice-water,

basified VﬁH&ﬁ?’iH E&L@%NM%@QM&G DI ShsQ R0A S ex bR B Mi-edvkisbhe combined
Pl

organic plape TR dUSa S ME: | RIEH. ARG Eesidie, WesRukied by flash
chromato rafﬁw qu tﬁ1d ; 9$95b&l%%%596%%%ﬁ%%%% gyes gé roduetbfc%ﬂrpog‘nd 2313 (15

mg, 38.50 Slg [wg [f ée ritmg)’ylstﬂ%na mtrao%u elanoma, oral cavi Orop aryngea

24(4- amrr‘ft?"?"t’sﬂﬁg‘:’ff?&‘kﬂ? ﬁ?ff&ff‘ffyr’ﬁ%fﬁf’é SRR P P RERof g orectal. esophageal,
methyKB-stolAtiskeerafezisidpyeitfaih G BIRS et R AR SA07 T Poo s BRISGRPE SErfamiL 24,
Synthesisvafid{#ea paic- 3 68+l yalbosaypiiesaig Phatrbdcpyiral 2ot S iRty foytintittime1L 3@ PRt oSS
methyl-3-o-tolylthieno[2,3-dipyrimidin-4(3H)-one (Compound 2407) is described. 1005011 To a stirred
solution of 2-amino-4-methylthiophene-3-carboxylic-atid (2401) (2.4 g, 15.2 mmol) in THF (50 mL), a
solution of triphosgene (9.0 g, 30 mmol, 2 eq.) in THE (10 mL) was added slowly dropwise at OC in 20
min. The resulting mixture was stirred at OC for 2 h. The reaction mixture was quenched with water (20
mL) at O C, and then concentrated in vacuo to remove the organic solvent. A brown solid was
precipitated out of solution. The solid 5 was collected by filtration, washed with water (5 mL x 2) and
dried in vacua to afford the desired product 5-methyllH-thieno[2,3-d][1,310xazine-2,4-dione (2402) (2.5
0, 89.3% yield) as a brown solid. [005021 To a stirred solution of o-toluidine, (1.4 g, 12.8 mmol, 1.2 eq)
in dry THF (20 tnL), n-BuLi (2.5 N. 7.7 mL, 19.3 mmol, 1.8 eq.) was added slowly dropwise at 40C

1indear araonn atmocenhaere in 20 Mmin The reciilfina mivtiirea wace otirred at A0C for anothar 20 rinnn A




were added sequentially. The resulting mixture was degassed and back-filled with argon three times
and then heated to 80C for 0.5h with stirring. The reaction mixture was concentrated in vacuo to
remove the organic solvent. The resulting residue was purified by a silica gel column chromatography

to afford the de red

fluoro-5- rg‘ [Stl?ruv i‘} ersu%y%é‘%@’gg 4- c]&ﬁr‘?ﬁdﬁl %3%10 ls r%St?n(gltsh?/rl "é“éa‘féfyﬁh?é“no[z 3-d]pyrimi
din- 4(3H)°“'S‘36‘ﬁ mg, 48.2% yield) as a yellow solid. [00507] Example 12: Synthesis of

8-methy 11083¢Ph e popL WW‘@?ﬁ&Pﬁ?ﬁBﬁ?ﬁ@fﬁVlYW&tﬂyﬁ@b&FﬁﬁﬁlHTT(JZIQ)’“B"I‘@ POOEOEL Scheme
25: The sykihesisest Gurvéitia pholEgtivectbryt(deiephutiraBL bty imiiod tbrpl isasrxenptis dicuinolin-1(211)- one
(Compounandl04) is described. [00509) 3-(Bromomethyl)-8-methyl-2-o-tolylisoquinolin-1(2H)-one
(342 mg, [dosdinmob (AR TmmaRdissolvasbimonethy lnminerse bikiasy/lipmiipand siirad for 2 h. The
mixture ‘g@é&?ﬂ&%ﬁm GG WALSE (2008Mkdn 3R deai Y AGI MR SUVAARBIAR (BaeRPcRMdn The
combined organic lgyer nwgrﬁwaah?ayv]g;ggeagpa@,@c s ver N2t s dalicrec. The fitate

was concentrated h VacUo o affor ?jesrre , Giabete
- 8-methy T 32RRRT DOU AR RSN 25t SV 'Seasﬁlﬁ%cf'n f br‘f‘ee"(?t@bdf)c TR BED yield) as a
yellow Sofiebetieingpertn et eBti b Bramay s ’(%?’é‘&ﬂ?thFféePFéW&?ﬁ‘%ﬂ?fu@Bf?ﬁﬁ‘&%ﬂ%’ﬁ“ [00510]

8-Methy | retopimitry}risn thigad s, pebgiteirgRintetirroleoand FRifsEP233:9%g, 0.8 mmol) (4001) and
6-chloro- [@efte) e oot gibria@yiicahe kit ade pypiratie H4OORN (2 B8viteg, therpevtivall})efireties dissolved in

. EtOH (50 driduharstinsiassitingeR0: tristioresna scotinigetddntef uyntan-hicdin ecagibieremas:allowed to cool
to RT, and 6q @%@%&NM&%&J@W&@M@& aurfis by dash-selupmtarpmatography on silica
gel (2 0% Mgcgulzl/ acc E%leaggrdd;g%ogr[a%gkl&tc@n ?Emdo?’ a.nd one or more Sharmaceutrcally acceptable

((methyl trah ran o-tolylisoquinolin-1(2H)-one
(4003) (Zg-ml? 11'164_| g mertszl Xt} lueg gnvl'\élgloe Xll}bé% inc rp Lly]rz aqueous s utron n

8- Methyl%%ﬁ%%@?@ﬁ%ﬁ%?&“?ﬁ‘b%?fﬁs ?‘Vf Bpurin-6-y1)amino)methyl)-2-o-tolylisoquinolin-1(
211)- 25 W@%S&&WW&S%W&‘?W&@H@%I%HWW@W(’PlE‘;’lﬂa(‘S’O"f‘r‘ﬂ_‘)“%lﬂd‘fffé"f’ﬁ’ixture was

stirred at d&infomBch Ao enissiNai GRGdSoltaiom o akramdetatidedheetisestiBhernirtae thafebitte pH was
adjustad terBovhiBanBiktEeAa S diite reickaind dhefilitateralscoomoentrated innvdsdantosaffard the desired
product, gxmekbyi3uEtmeathyiebinRih Rrai¢ly aritiosmetinygl)-2-0-tolylisoquinolin-1(2H)-one (4004) (80
mg, 54% Xb%g}) ﬂ?oﬂ%ﬁ“%é&“gle cgn‘;]cgltra;llg'% &%%rﬁ%@%ﬂ@%aﬁ)@ﬂ?@ﬂé& th};% ;(harmaceutlcal
'S)(/?]'t*hs;g”orfp lafc,ngg@ept,@x,r R e‘é‘%‘r‘% tQQé@SQrﬁP'W'Go@(%bl«Qu%ﬁ 6619953«?’]2(@%%9”%@836 QTh|§ound
it R LR TR Sy DL WL e el

3-(hy o8 Prat AT RGO %Oiérﬁrﬂé‘du Brﬁ%“h?r"i(“zilﬁ‘% °‘i"6’b %"‘lﬁ/"r?a"&"yiﬁ Mol 112C12 (200
mL), MnORoPsg)- W eratc ANAeAE0PESAGPRS Pratirec f 4Q0E PR 2ErRBAGK T BOR e P A ixture was

allowed torooaiite WRY, waredvéoncentrated in vacuo. The residue was purified by flash column
chromatogtagsi yh oS tibadigRht 10 DS RANPE Jrkoratbos df threqpradurs ke the present invention is greater

8-methyl-J,:0%: Zu9s ey Ledu2 s yelE0isR G QlinesrE st alsetuy ther 43 03] B3 6825 19,290 %6oyield) as a
Wh“ﬁ)?&’“?ﬁ@?%%?tb&%ﬂﬂwg ’szé%%ﬂfﬁﬁf%ﬁq%ﬁgﬁﬁw}gﬁ’a’fﬁémﬁmﬂ; @ Lrlr g, 8.6
MMOY) Wa3 Ha3ey 7'43/031 X r 0%, 2 5oA Y2 SR RO 6119 1775951 YEWE | ARSI AT 0SPhere.
Methyl M ﬁéigj}&;g %%’d 7dS/a 0, d‘)(% W%S g/ﬁb!ie?; ouly. and g[;}e7r,e5§)J 109, W%Wg%’%ﬁ?%@d at -78C for

2h. 1120 N wa§ poured Info ice-water, and extracted
with ethyPa&étite’ 5% S8t 5 reedoiiibitidd chgEhittayarwalividiiad ™ 8 RitrfBhité dted over
Na2S04 dnad! fiter& % M fa ek Yohteriiddd W2 08h & 4He ?8%7’(5&85&88%{(\7%@ purified by
flash columzechootnatogapieg e Q- eiTkecD 9L KBTS PLFFRI6. &ABIE UFR! HrHtRIEY: 8%PHydroxyethyl)-8-
methy 1-2e06toty icmossinoiinsds Bloteon®.chd D2, (208285, o DPOoie ldvagaaiite solid. [00516] To a solution of
3-(1-hydruy@ihyds@e astieRsantabisnatineline b 234 b aredbom dlofing phsbtmmatbnin iciht2C12, PPh3
(2. 889 1%&%%%%@%%%%@9%&%&&% NG MASHIEE AbRdm{Rn,307in. Then CBr4 (344

209, 1 ﬁp;,“mm)tm ded 10:RQIN9Rs 19,41 hgnraw;tma@oﬁ&QPE%xmerr%wmmwe wag.allowed to
warm to stirre ge ro ucth ys2 ‘yrlfled by flash

In, an concentrate [
columﬁocﬁ%f‘ﬁé&aéeé’r f) ap8r°x‘ Gl AR %)@ " {6raro eswg%om
3-0- bromH@fPfS}ﬂa‘SbI\ﬂtQ?WP ?P(’i"’fﬁ'r?‘ﬁ?&g(?lﬁ?ﬂﬁ?i“i‘ffﬁf r{ewffb'%"ﬁaﬁ"szé/i’%pr teeliy008/ Mite solid.
[00517] Tepreestimet236laersrriopdyREfaaPE AN A2k - ?M)"QHYﬂdrﬁPeEamm‘elrfdé (436 mg 2mmol)
in anhydrous 25 DMF (10 mL), NaH (60% in mineral®il, 77 mg, 2 mmol) was added and the mixture
was stirred for 30 mm. Bromoethyl)-8-methy1-2-6-tolylisoquinolin-1(2H)-one 4104 (700 mg, 2 mmol)
was added. The mixture was stirred for 2h, poured into ice-water (200 mL) and extracted with ethyl
acetate (3 x 50 mL). The combined organic layer was washed with brine (20 mL), dried over Na2S0O4
and filtered. The filtrate was concentrated in vacua and the residue was purified by flash column
chromatography on silica gel (10-50% MeOH/DCM) to afford the product, 8-methyl-3-(1-(9- 30
(tetrahydro-2H-pyran-2-y1)-91-1-purin-6-ylamino)ethyl)-2-o-tolylisoquinolin-1(2H)-one 4105 (500 mg,
51% yield) as a white solid. 1005181
QA _ Maeathv1-2-(1-(0-(teatrahvidro-2H-nvran-2-v1\ -OH-niirin-A-viIaminoethvN-2-.o-taolxv7licandiiinolin-1(2H-cnea




15 was stirred in dark from OC to RT for 16 h. The mixture was then partitioned between ethyl acetate
and brine. The organic layer was dried over Na2S04, filtered and concentrated in vacua. The residue
was purified by column chromatography on silica gel eluting with methanol and dichloromethane
tdafford the desired product, 3-(4-amino-1- i

((8- methﬂfﬁ%’*‘%% fyr@'?ﬂw&%wffﬁ‘fbﬂ i 834 AR - A0 B3 B B midin-3-y1)-5-fluo
ropheily| ahiethipriph di8p Prateinge 2 (200 s xiepsly {ididpaeimeiidkhiegsnamaey 1665221
3-(4-AmingprbdfBenethyd spiroainetdy dste lysbrdiRagingsioispguiiradisiy 34ypH rpthipid H-Pytazolo[3,4-d]pyrimi
din3-y1)-apftueranhemyhgichhephesp hatexdt? (a0 ne ar26 . ~mmol) was dissolved in anhydrous
CH3CN (Rqith) Rachanland A RIRRLAN FEs ARASRNSH ol SEH. (Redh kntidaGdamaenol) was

lowly added v 1 from 0. 36, C-MS
Zhowed S8l ol Eﬁﬁ% po Wﬁé‘&%ﬁﬁ?ﬂ%ﬁ“@ Al B e ded and

b e
stirred at RGBT /ed the ?ﬁ “com {(ie?gmmma 16 amﬁguﬁnﬁtgyrg%ﬁr% éosm%:]otncentrated in
vacua, and ﬁn@’ﬁ’@%ﬂ}ﬁ@ Q/\?éé‘6@g‘iﬁ’ﬁ?‘éﬂefﬁﬁ?@'ffﬂ‘aﬁﬁ’l’_’)o8%‘?—@6"(’6“?‘FHL2)55‘1’18"§W%8§ ¥¥*36 min. The
mixture waseeTrahtPerririvacs 8/ drreniinisiy b Stetnrotiiel, COaeamiTreebs fhethyl-l-oxo-2-o-
toly 1- 12 -ghinydinoésdd % nefime Sme@mEathyiwl Mvpyyamlo[ 3,4-d]pyrimidin-3-y0-5-fluorophenyl dihydrogen
phosphat@ed@) s (ikQnmginRdid/atyiehent OGBS A3dorEstatin plaphbidd @50 Matues éatbe lgeiedoCompounds 30
Table 4. lp.Mitr0clD50,0a88 farselacied canreuNwls:, 1CR0MMVY 5% (BseaieIhaR 19 micgpMolar) ++ (less

than 10 m'qwgvb@?pog'g'o'%s - dle53 5580, ;Q%Ig!)os gtas*sgaﬁss faaag figredelas LK §.Gompound No.

Compou Co 4 2,117, .118, 120,
129, 132r}’ié\I diéémf%; 55% g8 %E}’Lﬂ%é S5 ’0% g 03&9450%%;3%?0? 3&6 2. 237, 263,
285, 24 098%E 3004 5 0P83 g $00pg O001 50,096 €0 °§§g 28 %75g %%" ﬂ% 9905 04?8 i7a %’83 %7, 69, 71, 85,
87, 94, 106%%@7 19! 843, 175, 179, 183, 184, 191, 193, 196, 199, 200, 201, 202, 206, 207, 211,213,
215, 210 (B21) PRENARERRGS. RGOS DY OIS AGHOBGEPIACSHS PHOTE2, 270, 293,
299 2, 3,060,e8).B02100.d03 £ Bpd3 2110008, 2OEB 02AG725). 708 BO,08®, BTIUE, GO T4 082,653, 54, 55, 56,
58, 59, 6Q,062k,:670063 0065 8,006, 6.0046], 003 £.3,0053 /#1006 3, 0lds57e , 0487 £,9,080,5819082, 83, 84, 86, 88,
89, 90,09%,0863 e 10096 0 8065 981099, 01629, 502 £ 1025 é@%al,%ssl@%ol@&o@%ob&@ obidy, 332,113, 114,
115,119, ]o?g %724 1@23;30%91;]0%@5 %%9%%%9&%91 % ?ﬁz g1§95 gli’s% 1«% 849, 34 147,148,

b e LB b Re RSO 110 11t

235, 236.6386 LA, LbS 048 SAOINF. 248, 249, 250, 251, 252, 256, 257, 258, 259, 261, 264, 265,
266, 267,1988) FEgneEmhodEpts;tpFmpGs of spwor gy ofhecopnaunds pétho pEsens dnyensanys inghs r2agE0f 786 287
288, 25280M0R00:, 20005-202.000%¢, 2965- 29 7-0B08 0891 £.302 8054304 Fi8K y Compound No. Compound
No. Compeaang Mocofimpatsidify @ the invention are effective over a wide dosage range. For example, in the

treatment of adult humans, dosages from 0.01 to 1000 mg, from 0.5 to 100 mg, from 1 to 50 mg per day, and from 5 to

CL_

40 mg per day are examples of dosages that may be used. An exemplary dosage is 10 to 30 mg per day. The exact
dosage will depend upon the route of administration, the form in which the compound is administered, the subject to

30 be treated, the body weight of the subject to be treated, and the preference and experience of the attending physician.
[00313] Described below are non-limiting exemplary pharmaceutical compositions and methods for preparing the
same. °
[00314] Pharmaceutical compositions for oral administration In some embodiments, the invention provides a
pharmaceutical composition for oral administration containing a compound of the present invention, and a

35 pharmaceutical excipient suitable for oral administration.
[06315] In some embodiments, the invention provides a solid pharmaceutical composition for oral administration
containing: (i) an effective amounf of a compound of the present invention; optionally (ii) an effective amount of a
second agent; and (jii) 2 pharmaceutical excipient suitable for oral administration. In some embodiments, the
composition further contains: (iv) an effective amount of a third agent.

40 [00316] In some embodiments, the pharmaceutical composition may be a liquid pharmaceutical composition suitable
for oral consumption. Pharmaceutical compositions of the invention suitable for oral administration can be presented
as discrete dosage forms, such as capsules, cachets, or tablets, or liquids or aerosol sprays each containing a
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1,4,5,18, 38, 43,17, 34, 35, 37, 38, 2, 8,9, 10, 11, 14, 3,6, 7, 12, 13, 16, 60, 69, 169, 172, 40, 42,
57, 61, 65, 15, 20, 22, 27, 28, 19, 21, 23, 24, 25, 196, 197, 198, 200, 91, 92, 94, 105, 107, 39, 41, 46,
47, 49, 26, 29, 30, 31, 33, 201, 202, 204, 206, 140, 164, 170, 175, 51, 55, 58, 66, 70, 36, 44, 45, 48,
50, 207, 208, 209, 210, 179, 184, 188, 190, 71, 73, 76, 78, 80, 52, 53, 54, 56, 59, 211, 212, 213, 214,
101, 103predstrpioes gt snsiive Rgresioe g oud g EoivleR 2 SHono 5 SHRESIPIHIIPEOB Y 559 232
104, 106790806 quipupikinreey gmujgen, 93 (ais oiblgidgpalsion Such dqsaesfamoen bapsepridy 163 165,
81, 82, 83qyB4thBfksthods of pharmacy, but all methods include the step of bringing the active ingredient into association

with the carrier, which constitutes one or more necessary ingredients. In general, the compositions are prepared by
5 uniformly and intimately admixing the active ingredient with liquid carriers or finely divided solid carriers or both, A .

and then, if necessary, shaping the product into the desired presentation. For example, a tablet can be prepared by '
compressnon or molding, opuonally with one or more accessory mgredxents Compressed tablets can be prepared by
compressmg- in a suitable machine the active ingredient in a free-flowing form such as powder or granules, optionally
mixed with an excipient such as, but not limited to, a binder, a lubricant, an inert diluent, and/or a surface active or

10 dispersing agent. Molded ﬁble& can be made by molding in a suitable machine a mixture of the powdered compound
moistened with an inert liquid diluent. '
[00317} This invention further encompasses anhydrous pharmaceutical compositions and dosage forms compr%sing an
active ingredient, since water can facilitate the degradation of some compounds. For example, water may be added
(e.g., 5%) in the pharmaceutical arts as a means of simulating long-term storage in order to determine characteristics

15 such as shelf-life or the stability of formulations over time. Anhydrous pharmaceutical compositions and dosage forms
of the invention can be prepared using anhydrous or low moisture containing ingredients and low moisture or low
humidity conditions. Pharmaceutical compositions and dosage forms of the invention which contain lactose can be
made anhydrous if substantial contact with moisture and/or humidity during manufacturing, packaging, and/or storage
is expected. An anhydrous pharmaceutical composition may be prepared and stored such that its anhydrous nature is

20 maintained. Accordingly, anhydrous compositions may be packaged using materials known to prevent exposure to
water such that they can be included in suitable formulary kits. Examples of suitable packaging include, but are not
limited to, hermetically sealed foils, plastic or the like, unit dose containers, blister packs, and strip packs.
[00318] An active ingredient can be combined in an intimate admixture with a pharmaceutical carrier according to
conventional pharmaceutical compounding techniques. The carrier can take a wide variety of forms depending on the

25 form of preparation desired for administration. In preparing the compositions for an oral dosage form, any of the usual
pharmaceutical media can be employed as carriers, such as, for example, water, glycols, oils, alcohols, flavoring
agents, preservatives, coloring agents, and the like in the case of oral liquid preparations (such as suspensions,
solutions, and elixirs) or aerosols; or carriers such as starches, sugars, micro-crystalline celiulose, diluents, granulating
agents, lubricants, binders, and disintegrating agents can be used in the case of oral solid preparations, in some

30 embodiments withiout employing the use of lactose. For example, suitable carriers include powders, capsules, and
tablets, with the solid oral preparations. If desired, tablets can be coated by standard aqueous or nonaqueous
techniques. '
[00319] Binders suitable for use in pharmaceutical compositions and dosage forms include, but are not limited to,
corn starch, potato starch, or other starches, gelatin, natural and synthetic gums such as acacia, sodium alginate, alginic

35 acid, other alginates, powdered tragacanth, guar gum, cellulose and its derivatives (e.g., ethyl cellulose, cellulose
acetate, carboxymethyl cellulose calcium, sodium carboxymethyl cellulose), polyvinyl pyrrolidone, methy! cellulose,
pre-gelatinized starch, hydroxypropyl methyl cellulose, microcrystalline cellulose, and mixtures thereof.
[06320] Examples of suitable fillers for use in the pharmaceutical compositions and dosage forms disclosed herein
include, but are not limited to, talc, calcium carbonate (e.g., granules or powder), microcrystalline cellulose, powdered

40 cellulose, dextrates, kaolin, mannitol, silicic acid, sorbitol, starch, pre-gelatinized starch, and mixtures thereof.
{00321] Disintegrants may be used in the compositions of the invention to provide tablets that disintegrate when
exposed to an aqueous environment. Too much of a disintegrant may produce tablets which may disintegrate in the
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225, 228, 230, 236, 251, 253, 254, 255, 166, 180, 192, 205, 87, 88, 89,. 90, 95, 237, 239, 245, 266,
263, 264, 268, 270, 226, 227, 231, 233, 96, 97, 10i, 102: 285, 293, 294, 295, 272, 276, 282, 287 240,
242, 249, 250, 142, 145, 146, 147, . 296, 297, 298, 299, 252, 256, 257, 259, 148, 149, 150, 151,
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176, 288912@' foj_iyly F’IWE_“}E@?TB@‘: disiniqg&ficfg@j?cgg A?GZ{BB ’thus alter the rate and extent of release of the

active ingredient(s) from the dosage form. Thus, 2 sufficient amount of disintegrant that is neither too little nor too
much to detrimentally alter the release of the active ingredient(s) may be used to form the dosage forms of the
‘compounds disclosed herein. The amdunt of disintegrant used may fvar‘y based upon the type of formulation and mode

5 of administration, and may be readily discernible to those of ordinary skill in the art. About 0.5 to about 15 weight

~* percent of disintegrant, or about 1 to about 5 weight percent of ciisiritegrant, may be used in the pharmaceutical
compasition. Disintegrants that can be used to form pharmaceutical compositioﬁs and dosage forms of the invention
include, but are not limited to, agér-agér, alginic acid, calcium carbonate, microcrystalline cellulose, croscarmellose
sodium, crospovidone, polacrilin potassium, sodium starch glycolate, potato or tapioca starch, other starches, pre-

10 gelatinized starch, other starches, clays, other algins, other celluloses, gums or mixtures thereof.

[00322] Lubricants which can be used to form pharmaceutical compositions and dosage forms of the invention
include, but are not limited to, calcium stearate, magnesium stearate, mineral oil, light mineral oil, glycerin, sorbitol,
mannitol, polyethylene glycol, other glycols, stearic acid, sodium lauryl sulfate, talc, hydrogenated vegetable oil (e.g.,
peanut oil, cottonseed oil, sunflower oil, sesame oil, olive oil, corn oil, and soybean oil), zinc stearate, ethyl oleate,

15 ethylaureate, agar, or mixtures thereof. Additional lubricants include, for example, a syloid silica gel, a coagulated
aerosol of synthetic silica, or mixtures thereof. A lubricant can optionally be added, in an amount of less than about 1
weight percent of the pharmaceutical composition.

[00323] When aqueous suspcnsiohs and/or elixirs are desired for oral administration, the essential active ingredient
therein may be combined with various sweetening or flavoring agents, coloring matter or dyes and, if so desired,

20 emulsifying and/or suspending agents, together with such diluents as water, ethanol, propylene glycol, glycerin and
various combinations thereof.

[00324] The tablets can be uncoated or coated by known techniques to delay disintegration and absorption in the
gastrointestinal tract and thereby provide a sustained action over a longer period. For example, a time delay material
such as glyceryl monostearate or glyceryl distearate can be employed. Formulations for oral use can also be presented

25 as hard gelatin capsules wherein the active ingredient is mixed with an inert solid diluent, for example, calcium
carbonate, calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed with water or
an oil medium, for example, peanut oil, liquid paraffin or olive oil.

[00325] Surfactant which can be used to form pharmaceutical compositions and dosage forms of the invention
include, but are not limited to, hydrophilic surfactants, lipophilic surfactants, and mixtures thereof. That is, a mixture

30 of hydrophilic surfactants may be employed, a mixture of lipophilic surfactants may be employed, or a mixture of at
least one hydrophilic surfactant and at least one lipophflic surfactant may be employed.

[00326] A suitable hydrop};ilic surfactant may generally have an HLB value of at least 10, while suitable lipophilic
surfactants may generally have an HLB value of or less than about 10. An empirical parameter used to characterize
the relative hydrophilicity and hydrophobicity of non-ionic amphiphilic compounds is the hydrophilic-lipophilic

35 balance (" HLB" value). Surfactants with lower HLB values are more lipophilic or hydrophobic, and have greater
solubility in oils, while surfactants with higher HLB values are more hydrophilic, and have greater solubility in
aqueous solutions. Hydrophilic surfactants are generally considered to be those compounds having an HLB value
greater than about 10, as well as anionic, cationic, or zwitterionic compounds for which the HLB scale is not generally
applicable. Similarly, lipophilic (i.e., hydrophobic) surfactants are compounds having an HLB value equal to or less

40 than about 10. However, HLB value of a surfactant is merely a rough guide generally used to enable formulation of

industrial, pharmaceutical and cosmetic emuisions.
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{00327} Hydrophilic surfactants may be either ionic or non-ionic. Suitable ionic surfactants include, but are not
limited to, alkylammonium salts; fusidic acid salts; fatty acid derivatives of amino acids, oligopeptides, and
polypeptides; glyceride derivatives of amino acids, oligopeptides, and polypeptides; lecithins and hydrogenated
lecithins; lysolecithins and hydrogenated lysolecithins; phospholipids and derivatives thereof; lysophospholipids and
derivaﬁvés thereoﬂ carnitine fatty acid ester salts; salts of alkylsulfates; fatty acid éalts; sodium docusate;
acylactylates; mono- and di-acetylated tartaric acid esters of mono- and di-glycerides; succinylated mono- and di-
glycerides; citric acid esters of mono- and di-glycerides; and mixtures thereof.
[00328] Within the aforementioned group, ionic surfactants include, by way of example: lecithins, lysolecithin,
phospholipids, lysophospholipids and derivatives thereof; carnitine fatty acid ester salts; salts of alkylsulfates; fatty
acid salts; sodium docusate; acylactylates; mono- and di-acetylated tartaric acid esters of mono- anﬁ di-glycerides;
succinylated mono- and di-glycerides; citric acid esters of mono- and di-glycerides; and mixtures thereof.
[00329] Ionic surfactants may be the ionized forms of lecithin, lysoleéit}iin, phosphatidylcholine,
phosphatidylethanolamine, phosphatidylglycerol, phosphatidic acid, phosphatidylserine, lysophosphatidylcholine,
lysophosphatidylethanolamine, lysophosphatidylglycerol, lysophosphatidic acid, lysophosphatidylserine, PEG-
phosphatidylethanolamine, PVP-phosphatidylethanolamine, lactylic ésters of fatty acids, stearoyl-2-lactylate, stearoy!
lactylate, succinylated monoglycerides, mono/diacetylated tartaric acid esters of mono/diglycerides, citric acid esters
of mono/diglycerides, cholylsarcosine, caproate, caprylate, caprate, laurate, myristate, palmitate, oleate, ricinoleate,
linoleate, linolenate, stearate, lauryl sulfate, teracecyl sulfate, docusate, lauroyl carnitines, palmitoyl carnitines,
myristoyl carnitines, and salts and mixtures thereof.
[00330] Hydrophilic non-ionic surfactants may include, but not limited to, alkylglucosides; alkylmaltomdes,
alkylthioglucosides; lauryl macrogolglycerides; polyoxyalkylene alky! ethers such as polyethylene glycol alkyl ethers;
polyoxyalkylene alkylphenols such as polyethylene giycol alkyl phenols; polyoxyalkylene alkyl phenol fatty acid
esters such as polyethylene glycol fatty acids monoesters and polyethylene glycol fatty acids diesters; polyethylene
glycol glycerol fatty acid esters; polyglycerol fatty acid esters; polyoxyalkylene sorbitan fatty acid esters sucﬁ as
polyethylene glycol sorbitan fatty acid esters; hydrophilic transesterification products of a polyol with at least one
member of the group consisting of glycerides, vegetable oils, hydrogenated vegetable oils, fatty acids, and sterols;
polyoxyethylene sterols, derivatives, and analogues thereof; polyoxyethylated vitamins and derivatives thereof;
polyoxyethylene-polyoxypropylene block copolymers; and mixtures thereof; polyethylene glycol sorbitan fatty acid
esters and hydrophilic transesterification products of a polyol with at least one member of the group consisting of
triglycerides, vegetable oils, and hydrogenated vegetable oils. The polyol may be glycerol, ethylene glycol,
polyethylene glycol, sorbitol, propylene glycol, pentaerythritol, or a saccharide.
[00331] Other hydrophilic-non-ionic surfactants include, without limitation, PEG-10 laurate, PEG-12 laurate, PEG-ZO
laurate, PEG-32 laurate, PEG-32 dilaurate, PEG-12 oleate, PEG-15 oleate, PEG-20 oleate, PEG-20 dioleate, PEG-32
oleate, PEG-200 oleate, PEG-400 oleate, PEG-15 stearate, PEG-32 distearate, PEG-40 stearate, PEG-100 stearate,
PEG-20 dilaurate, PEG-25 glyceryl trioleate, PEG-32 dioleate, PEG-20 glyceryl laurate, PEG-30 glyceryl laurate,
PEG-20 glyceryl stearate, PEG-20 glyceryl oleate, PEG-30 glycery! oleate, PEG-30 glyceryl laurate, PEG-40 glyceryl
laurate, PEG-40 palm kernel oil, PEG-50 hydrogenated castor oil, PEG-40 castor oil, PEG-35 castor oil, PEG-60
castor oil, PEG-40 hydrogenated castor oil, PEG-60 hydrogenated castor oil, PEG-60 com oil, PEG-6
caprate/caprylate glycerides, PEG-8 caprate/caprylate glycerides, polyglyceryl-10 laurate, PEG-30 cholesterol, PEG-
25 phyto sterol, PEG-30 soya sterol, PEG-20 trioleate, PEG-40 sorbitan oleate, PEG-80 sorbitan laurate, polysorbate
20, polysorbate 80, POE-9 lauryl ether, POE-23 lauryl ether, POE-10 oleyl ether, POE-20 oley] ether, POE-20 stearyl
ether, tocopheryl PEG-100 succinate, PEG-24 cholesterol, polyglyceryl-10oleate, Tween 40, Tween 60, sucrose
-82-
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19, 20, 21, 22, 23, 115, 152, 168, 171, 177 158, 159, 176 24, 25, 26, 27, 28, 173, 189, 194, 296 29,
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 monostearate, sucrose monolaurate, sucrose monopalmitate, PEG 10-100 nonyl phenol series, PEG 15-100 octyl
phenol series, and poloxamers. ‘ , » ;
[00332] Suitable lipophilic surfactants include, by Way of example only: fatty alcohols; gly_cefol fatty acid esters;
acetylated glycerol fatty acid esters; lower alcohol fatty acids esters; propylene glycol fatty acid esters; sorbitan fatty

5 acid esters; polyethylene glycol sorbitan fatty acid esters; sterols and sterol derivatives; pol‘yoxyethylated sterols and

sterol derivatives; polyethylene glycol alkyl ethers; sugar esters; sugar ethers; lactic acid derivatives of mono- and di-
glycerides; hydrophobic transesterification products of a polyol with at least one member of the group consisting of

‘ glycerides, vegetable oils, hydrogenated vegetable oils, fatty acids and sterols; oil-soluble vitamins/vitamin
derivatives; and mixtures thereof. Within this group, preferred lipophilic surfactants include glycerol fatty acid esters,

10 propylene glycol fatty acid esters, and mixtures thereof, or are hydrophobic transesterification products of a polyol
with at least one member of the group consisting of vegetable oils, hydrogenated vegetable oils, and triglycerides.
[00333} In one embodiment, the composition may include a solubilizer to en.sure good solubilization and/or
dissolution of the compound of the present invention and to minimize preci;iitation of the compound of the present
invention. This can be especially important for compositions for non-oral use, ¢.g., compositions for injection. A

15 solubilizer may also be added to increase the solubility of the hydrophilic di'ug and/or othler components, such as
surfactants, or to maintain the composition as a stable or homogeneous solution or dispersion.

[00334] Examples of suitable solubilizers include, but are not limited to, the following: alcohols and polyols, such as
ethanol, isopropanol, butanol, benzyl alcohol, ethylene glycol, propylene glycol, butanediols and isomers thereof,
glycerol, pentaerythritol, sorbitol, mannitol, transcutol, dimethyl isosorbide, polyethylene glycol, polypropylene

20 glycol, polyvinylalcohol, hydroxypropyl methylcellulose and other cellulose derivatives, cyclodextrins and
cyclodextrin derivatives; ethers of polyethylene glycols having an average molecular weight of about 200 to about
6000, such as tetrahydrofurfuryl alcohol PEG ether (glycofurol) or methoxy PEG ; amides and other nitrogen-
containing compounds such as 2-pyrrolidone, 2-piperidone, .epsilon.-caprolactam, N-alkylpyrrolidone, N-
hydroxyalkylpyrrolidone, N-alkylpiperidone, N-alkylcaprolactam, dimethylacetamide and polyvinylpyrrolidone; esters

25 such as ethyl propionate, tributylcitrate, acetyl triethylcitrate, acetyl tributyl citrate, triethylcitrate, ethyl oleate, ethyl
caprylate, ethyl butyrate, triacetin, propylene gly;:ol monoacetate, propylene glycol diacetate, g-caprolactone and
isomers thereof, §-valerolactone and isomers thereof, B-butyrolactone and isomers thereof; and other solubilizers
known in the art, such as dimethyl acetamide, dimethyl isosorbide, N-methy! pyrrolidones, monooctanoin, diethylene
glycol monoethyl ether, and water.

30 [00335] Mixtures of solubilizers may also be used. Examples include, but not limited to, triacetin, trietﬁylcitrate, ethyl
oleate, ethyl caprylate, dimethylacetamide, N-methylpyrrolidone, N-hydroxyethyipyrrolidone, polyvinylpyrrolidone,
hydroxypropyl methylcellulose, hydroxypropyl cyclodextrins, ethanol, polyethylene glycol 200-100, glycofurol,

" transcutol, propylene giycol, and dimethy! isosorbide. Particularly preferred solubilizers include sorbitol, glycerol,
triacetin, ethyl alcohol, PEG-400, glycofurol and propylene glycol.

35 [00336] The amount of solubilizer that can be included is not barticularly limited. The amount of a given solubilizer
may be limited to a bioacceptable amount, which may be readily determined by one of skill in the art. In some
circumstances, it may be advantageous to include amounts of solubilizers far in excess of bioacceptable amounts, for
example to maximize the concentration of the drug, with excess solubilizer removed prior to providing the
composition to a patient using conventional techniques, such as distillation or evaporation. Thus, if present, the

40 solubilizer can be in a weight ratio of 10%, 25%, 50%, 100%, or up to about 200% by weight, based on the combined

weight of the drug, and other excipients. If desired, very small amounts of solubilizer may also be used, such as 5%,
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61, 62, 64, 65, 67, 68,69,70,71,72, 73,74,79,80,81, 82,83, 85,87, 88, 91, 93, 96, 98, 99,
100, 103, 104, 105, 106, 107, 109, 110, I, 112, 114, 140, 146, 160, 161, 162, 163, 164, 165,
166, 167,169,170,172, 174,175,179, 180,

2%, 1% or even less. Typically, the solubilizer may be present in an amount of about 1% to about 100%, more
. typically about 5% to about 25% by wexght _

[08337] The composition can further include one or more pharmaceutically acceptab]e additives and excipients. Such
‘addxtlves and excipients include; without limitation, detackifiers, anti-foaming agents, buffering agents, polymers,

5 antioxidants, preservatives, chelating agents; viscomodulators, tonicifiers, flavorants, colorants, odorants, opaciﬁers,
suspending agents, binders, fillers, plasticizers, lubricants, and mixtures thereof.
[00338) In addition, an acid or a base may be incorporated into the composition to facilitate processing, to enhance
stability, or for other reasons. Examples of pharmaceutically acceptable bases include amino acids, amino acid esters,
ammonium hydroxide, potassium hydroxide, sodium hydroxide, sodium hydrogen carbonate, aluminum hydroxide,

10 calcium carbonate, magnesium hydroxide, magnesium aluminum silicate, synthetic aluminum silicate, synthetic
hydrocalcite, magnesium aluminum hydroxide, diisopropylethylamine, ethanolamine, ethylenediamirie,
triethanolamine, triethylamine, triisopropanolamine, trimethylamine, tris(hydroxymethyl)aminomethane (TRIS) and
the like. Also suitable are bases théx are sélts of a pharmaceutically acceptable acid, such as acetic acid, acrylic acid,
adipic acid, alginic acid, alkanesulfonic acid, amino acids, ascorbic acid, benzoic acid, boric acid, butyric acid,

15 carbonic acid, citric acid, fatty acids, formic acid, fumaric acid, gluconic aci.d, hydroquinosulfonic acid, isoascorbic
acid, lactic acid, maleic acid, oxalic acid, para-bromophenylsulfonic acid, propionic acid, p-toluenesulfonic acid,
salicylic acid, stearic acid, succinic acid, tannic acid, tartaric acid, thioglycolic acid, toluenesuifonic acid, uric acid,
and the like. Salts of polyprotic acids, such as sodium phosﬁhate, disodium hydrogen phosphate, and sodium
dihydrogen phosphate can also be used. When the base is a salt, the cation can be any convenient and pharmaceutically

20 acceptable cation, such as ammonium, alkali metals, alkaline earth metals, and the like. Example may include, but not
limited to, sodium, potassium, lithium, magnesium, calcium and ammonijum.

[00339] Suitable acids are pharmaceutically acceptable organic or inorganic acids. Examples of suitable inorganic
acids include hydrochloric acid, hydrobromic acid, hydriedic acid, sulfuric acid, nitric acid, boric acid, phosphoric
acid, and the like. Examples of suitable organic acids include acetic acid, acrylic acid, adipic acid, alginic acid,

25 alkanesulfonic acids, amino acids, ascorbic acid, benzoic acid, boric acid, butyric acid, carbonic acid, citric acid, fatty
acids, formic acid, fumaric acid, gluconic acid, hydroquinosulfonic acid, isoascorbic acid, lactic acid, maleic acid,
methanesulfonic acid, oxalic acid, para-bromophenylsulfonic acid, propionic acid, p-toluenesulfonic acid, salicylic
acid, stearic acid, succinic acid, tannic acid, tartaric acid, thioglycolic acid, toluenesulfonic acid, uric acid and the like.
[00340] Pharmaceutical compositions for injection. In some embodiments, the invention provides a pharmaceutical

30 composition for injection containing a compound of the present invention and a pharmaceutical excipient suitable for
injection. Components and amounts of agents in the compositions are as described herein.

[00341] The forms in which the novel compositions of the present invention may be incorporated for administration
by injection include aqueous or oil suspensions, or emulsions, with sesame oil, corn oil, cottonseed oil, or peanut oil,
as well as elixirs, mannitol, dextrose, or a sterile aqueous solution, and similar pharmaceutical vehicles.

35 [00342] Aqueous solutions in saline are also conventionally used for injection. Ethanol, glycerol, propylene glycol,
liquid polyethylene glycol, and the like (and suitable mixtures thereof), cyclodextrin derivatives, and vegetable oils
may also be employed. The proper fluidity can be maintained, for example, by the use of a coating, such as lecithin,
for the maintenance of the required particle size in the case of dispersion and by the use of surfactants. The prevention
of the action of microorganisms can be brought about by various antibacterial and antifungal agents, for example,

40 parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like.

[00343] Sterile injectable solutions are prepared by incorporating the compound of the present invention in the
required amount in the appropriate solvent with various other ingredients as enumerated above, as required, followed
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208, 209, 210, 211, 212,213, 214,215, 216, 217, 218, 219,

by filtered sterilization. Generally, dispersions are prepared by incorporating the various sterilized active ingredients
into a sterile vehicle which contains the basic dispersion medium and the required other ingredients from those

enumerated above. In the case of sterile powders for the preparation of sterile injectable solutions, certain desirable

- methods of preparation are vacuum-drying and freeze-drying techniques which yield a powder of the active ingredient

plus any additional desired ingredient from a previously sterile-filtered solution thereof.

[00344] Pharmaceutical compositions for topical (e.g.. transdermal) delivery. In some embodiments, the invention
provides a pharmaceutical composition for transdermal delivery containing a compound of the present invention and a
pharmaceutical excipient suitable for transdermal delivery.

[00345] Compositions of the present invention can be formulated into preparations in solid, semi-solid, or liquid
forms suitable for local or topical administration, such as gels, water soluble jellies, creams, lotions, suspensions,
foams, powders, slurries, ointments, solutions, oils, pastes, suppositories, sprays, emulsions, saline solutions,
dimethylsulfoxide (DMSO)-based solutions. In general, carriers with higher densities are capable of providing an area
with a prolonged exposure to the active ingredients. In contrast, a solution formulation may provide more immediate
exposure of the active ingredient to the chosen area.

[00346] The pharmaceutical compositions also may comprise suitable solid or gel phase carriers or excipients, which
are compounds that allow increased penetration of, or assist in the delivery of, therapeutic molecules across the
stratum corneum permeability barrier of the skin. There are many of these penetration-enhancing molecules known to
those trained in the art of topical formulation. Examples. of such carriers and excipients include, but are not limited to,
humectants (e.g., urea), glycols (e.g., propylene glycol), alcohols (e.g., ethanol), fatty acids (e.g., oleic acid),
surfactants (e.g., isopropyl myristate and sodium lauryl sulfate), pyrrolidones, glycerol monolaurate, sulfoxides,
terpenes (e.g., menthol), amines, amides, alkanes, alkanols, water, calcium carbonate, calcium phosphate, various
sugars, starches, cellulose derivatives, gelatin, and polymers such as polyethylene glycols.

[00347] Another exemplary formulation for use in the methods of the present invention employs transdermal delivery
devices ("patches"). Such transdermal patches may be used to provide continuous or discontinuous infusion of a
compound of the present invention in controlled amounts, either with or without another agent.

[00348] The construction and use of transdermal patches for the delivery of pharmaceutical agents is well known in
the art. Seg, e.g., U.S. Pat. Nos. 5,023,252, 4,992,445 and 5,001,139. Such patches may be constructed for continuous,
pulsatile, or on demand delivery of pharmaceutical agents.

[00349] Phanhaceutica[ compositions for inhalation. Compositions for inhalation or insufflation include solutions and
suspensions in pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and powders. The liquid
or solid compositions may contain suitable pharmaceutically acceptable excipients as described supra. Preferably the
compositions are administered by the oral or nasal respiratory route for local or systemic effect. Compositions in
preferably pharmaceutically acceptable solvents may be nebulized by use of inert gases. Nebulized solutions may be
inhaled directly from the nebulizing device or the nebulizing device may be attached to 2 face mask tent, or
intermittent positive pressure breathing machine. Solution, suspension, or powder compositions may be administered,
preferably orally or nasally, from devices that deliver the formulation in an appropriate manner.

[00350] Other pharmaceutical compositions. Pharmaceutical compositions may also be prepared from compositions

described herein and one ‘or more pharmaceutically acceptable excipients suitable for sublingual, buccal, rectal,

intraosseous, intraocular, intranasal, epidural, or intraspinal administration. Preparations for such pharmaceutical

compositions are well-known in the art. See, e.g., See, e.g., Anderson, Philip O.; Knoben, James E.; Troutman,

William G, eds., Handbook of Clinical Drug Data, Tenth Edition, McGraw-Hill, 2002; Pratt and Taylor, eds.,

Principles of Drug Action, Third Edition, Churchill Livingston, New York, 1990; Katzung, ed., Basic and Clinical
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Pharmacology, Nir{th Edition, McGraw Hill,~20037ybg; Goodman and Gilman, eds., The Pharmacological Basis of
Therapeutics, Tenth Edition, McGraw Hill, 2001; Remingtons Pharmaceutical Sciences, 20th Ed., Lippincott Willimﬁs
& Wilkins., 2000; Martindale, The Extra Pharmacapoeia, Thirty-Secbnd Edition (The»Phanﬁaceutical Press, London,
1999); all of which are incorporated by reference herein in their entirety. ‘ .
[00351] Administration of the compounds or ph'armaceuﬁcal composition of the present invention can be effected by
any method that enables delivery of the compounds to the site of action. These methods include oral rbutes,
intraduodenal routes, parenteral injection (including intravenous, intraarterial, subcutaneous, intramuscular,
intravascular, intraperitoneal or infusion), topical (e.g. transdermal application), rectal administration, via local
delivery by catheter or stent or through inhalation. Compounds can also abe administered intraadiposally or
intrathecally.

[00352] The amount of the compound administered will be dependent on the mammal being treated, the severity of
the disorder or condition, the rate of administration, the disposition of the compound and the discretion of the
prescribing physician. However, an effective dosage is in the range of about 0.001 to about 100 mg per kg body
weight per day, preferably about 1 to about 35 mg/kg/day, in single or divided doses. For a 70 kg human, this would
amount to about 0.05 to 7 g/day, preferably about 0.05 to about 2.5 g/day. In some instances, dosage levels below the
Jower limit of the aforesaid range may be more than adequate, while in other cases still larger doses may be em;ﬁloyed
without causing any harmful side effect, e.g. bydividing such larger doses into several small doses for administration
throughout the day.

[00353] In some embodiments, a compound of the invention is administereci in a single dose. Typically, such
administration will be by injection, e.g., intravenous injection, in order to introduce the agent quickly. However, other
routes may be used as appropriate. A single dose of a compound of the invention may also be used for treatment of an
acute condition. '

[00354] In some embodiments, a compound of the invention is administered 'in multiple éoses. Dosing may be about
once, twice, three times, four times, five times, six times, or more than six times per day. Dosing may be about once a
month, once every two weeks, once a week, or once every other day. In another embodiment a compo‘und of the
invention and another agent are administered together about once per day to about 6 times per day. In another
embodiment the administration of a compound of the invention and an agent continues for less than about 7 days. In
yet another embodiment the administration continues for more than about 6, 10, 14, 28 days, two months, six months,
or one year. In some cases, continuous dosing is achieved and maintained as long as necessary.

[08355] Administration of the agents of the invention may continue as long as necessary. In some embodiments, an
agent of the invention is administered for more than 1,2, 3,4, 5, 6, 7, 14, or 28 days. In some embodiments, an agent
of the invention is administered for less than 28, 14,7, 6, 5, 4, 3, 2, or 1 day. In some embodiments, an agent of the
invention is administered chronically on an ongoing basis, €.g., for the treatment of chronic effects.

[00356) An effective amount of a compound of the inventién may be administered in either single or multiple doses
by any of the accepted modes of administration of agents having similar utilities, including rectal, buccal, intranasal
and transdermal routes, by intra-arterial injection, intravenously, intraperitoneally, parenterally, intramuscularly,
subcutaneously, orally, topically, or as an inhalant.

[00357] The compositions of the invention may also be delivered via an impregnated or coated device such as a stent,
for example, or an artery-inserted cylindrical polymer. Such a method of administration may, for example, aid in the
prevention or amelioration of restenosis following procedures such as balloon angioplasty. Without being bound by
theory, compounds of the invention may slow or inhibit the migration and proliferation of smooth muscle cells in the
arterial wall which contribute to restenosis. A compound of the invention may be administered, for example, by local
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delivery from the struts of a stent, from a stent graft, from grafts, or from the cover or sheath of a stent. In some
embodiments, a compound of the invention is admixed with a matrix. Such a matrix may be a polymeric matrix, and
may serve to bond the compouﬁd to the stent. Polymeric matrices suitable for such use, include, for eample, lactone-
based polyesters or copolyesters éuch as polylactide, polycéprolactonglycolide, polyorthoesters, polyanhydrides,
polyaminoacids, polysaccharides, polyphosphazenes, poly (ether-ester) copolymers (e.g. PEO-PLLA);
polydimethylsiloxane, poly(emylcné-vinylacetate), acrylate-based polymers or copolymers (e.g. polyhydroxyethyl
methylmethacrylate, polyvinyl pyrrolidinone), fluorinated polymers such as polytetraﬂuoroethyléne and cellulose
esters. Suitable matrices may be nondegrading or may degrade with time, releasing the compound or compounds.
Compounds of the invention may be applied to the surface of the stent by various methods such as dip/spin coating,
spray coating, dip-coating, and/or brush-coating. The compounds may be app!iéd in a solvent and the so}vént may be
allowed to evaporate, thus forming a layer of compound onto the stent. Alternatively, the compound may be located in
the body of the stent or graft, for example in microchannels or micropores. When implanted, the compound diffuses

out of the body of the stent to contact the arterial wall. Such stents may be prepared by dipping a stent manufactured to

contain such micropores or microchannels into a solution of the compound of the invention in a suitable solvent,

followed by evaporation of the solvent. Excess drug on the surface of the stent may be removed via an additional brief
solvent wash. In yet other embodiments, compounds of the invention may be covalently linked to a stent or graft. A
covalent linker may be used which degrades in vivo, leading to the release of the compound of the invention. Any bio-
labile linkage may be used for such a purpose, such as ester, amide or anhydride linkages. Compounds of the invention
may additionally be administered intravascularly from a balloon used during angioplasty. Extravascular admi.nistration‘
of the compounds via the pericard or via advential application of formulations of the invention may also be performed
to decrease restenosis.

[00358] A variety of stent devices which may be used as described are disclosed, for example, in the following
references, all of which are hereby incorporated by reference: U.S. Pat. No. 5451233; U.S. Pat. No. 5040548; U.S. Pat.
No. 5061273; U.S. Pat. No. 5496346; U.S. Pat. No. 5292331; U.S. Pat. No. 5674278; U.S. Pat. No. 3657744; U.S. Pat.
No. 4739762; U.S. Pat. No. 5195984; U.S. Pat. No. 5292331; U.S. Pat. No. 5674278; U.S. Pat. No. 5879382; U.S. Pat.
No. 6344053.

[00359] The compounds of the invention may be administered in dosages. It is known in the art that due to
intersubject variability in compound pharmacokinetics, individualization of dosing regimen is necessary for optimal
therapy. Dosing for a compound of the invention may be found by routine experimentation in light of the instant
disclosure. '

[00360] When a compound of the invention, is administered in a composition that comprises one or more agents, and
the agent has a shorter half-life than the compound of the invention unit dose forms of the agent and the compound of
the invention may be adjusted accordingly.

[00361] The subject pharmaceutical composition may, for example, be in a form suitable for oral administration as a
tablet, capsule, pill, powder, sustained release formulations, solution, suspension, for parenteral injection as a sterile
solution, suspension or emulsion, for topical administration as an ointment or cream or for rectal administration as a
suppository. The pharmaceutical composition may be in unit dosage forms suitable for single administration of precise
dosages. The pharmaceutical composition will include a conventional pharmaceutical carrier or excipient and a
compound according to the invention as an active ingredient. In addition, it may include other medicinal or

pharmaceutical agents, carriers, adjuvants, etc.
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90, 95, 97 102 157 ;
[OGS%B%mmp?ary parenteral administration forms include solutions or suspensions, of active compound in sterile

aqueous solutions, for example, aqueous propylene glycol or dextrose solutions. Such dosage forms can be suitably
buffered, if desired. ‘
[00363] The activity of the compounds of the present invention may be detefmined by the following procedure, as
5 well as the procédure described in the examples below. The activity of the kinase is assessed by measpring the

incorporation of y->*P-phosphate from y -**P-ATP onto N-terminal His tagged substrate, which is expressed in £. coli
and is purified by conventional methods, in the presence of the kinase. The assay is carried ouit in 96-well
polypropylene plate. The incubation mixture (100, uL) comprises of 25 mM Hepes, pH 7.4, 10 mM MgCl,, 5 mM B-
glycerolphosphate, 100 uM Na-orthovanadate, 5 mM DTT, 5 nM kinase, and 1 uM substrate. Inhibitors are

10 suspended in DMSO, and all reactions, including controls are performed at a final concentration of 1% DMSO.
Reactions are initiated by the addition of 10 pM ATP (with 0.5 uCi y-”?- ATP/well) and incubated at ambient
temperature for 45 minutes. Equal volume of 25% TCA is added to stop the reaction and precipitate the proteins.
Precipitated proteins are trapped onto glass fiber B filterplates, and excess laiueled ATP washed off using a Tomtec
MACH III harvestor. Plates are allowed to air-dry prior to adding 30 pL/well of Packard Microscint 20, and plates are

15 counted using a Packard TopCount.
[00364] The invention also provides kits. The kits include a compound or compounds of the presént invention as
described herein, in suitable packaging, and written material that can include instructions for use, discussion of clinical
studies, listing of side effects, and the like. Such kits may also include information, such as scientific literature
references, package insert materials, clinical trial results, and/or summaries of these and the like, which indicate or

20 establish the activities and/or advantages of the composition, and/or which describe dosing, administration, side
effects, drug interactions, or other information useful to the health care provider. Such information may be based on
the results of various studies, for example, studies using experimental animals involving in vivo models and studies
based on human clinical trials. The kit may further contain another agent. In some embodiments, the compound of the
present invention and the agent are provided as separate compositions in separate containers within the kit. In some

25 embodiments, the compound of the present invention and the agent are provided as a single composition within a
container in the kit. Suitable packaging and additional articles for use (e.g., measuring cup for liquid preparations, foil
wrapping to minimize exposure to air, and the like) are known in the art and may be included in the kit. Kits described
herein can be provided, marketed and/or promoted to health providers, including physicians, nurses, pharmacists,
formulary officials, and the like. Kits may also, in some embodiments, be marketed directly to the consumer.

30 METHODS ' '

[00365] The invention also provides methods of using the compounds or pharmaceutical compositions of the present
invention to treat disease conditions, including but not limited to diseases associated with malfunctioning of one of
more types of PI3 kinase. A detailed description of conditions and disorders mediated by p1103 kinase activit); is set
forth in Sadu et al., WO 01/81346, which is incorporated herein by reference in its entirety for all purposes.

35 [00366] The treatment methods provided herein comprise administering to the subject a therapeutically effective
amount of a compound of the invention. In one embodiment, the present invention provides a method of treating an
inflammation disorder, including autoimmune diseases in a mammal. The method comprises administering to said
mammal a therapeutically effective amount of a compound of the present invention, or a pharmaceutically acceptable
salt, ester, prodrug, solvate, hydrate or derivative thereof. Examples of autoimmune diseases includes but is not

40 limited to acute disseminated encephalomyelitis (ADEM), Addison's disease, antiphospholipid antibody syndrome

(APS), aplastic anemia, autoimmune hepatitis, coeliac disease, Crohn's disease, Diabetes mellitus (type 1),
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PI3K-§ and/or PI3K-y may be advantageous for treating any of the diseases or conditions described herein. For
example, selective inhibition of PI3K-8 may inhibit inflammatory responses associated with inflammatory diseases,
autoimmune disease, or diseases related to an undesirable immune response including but not limited to asthma,
emphysema, allergy, dermatitis, rhuematoid arthritis, psoriasis, lupus erythematosus, or graft versus host disease.

15 Selective inhibition of PI3K-5 may further provide for a reduction in the inflammatory or undesirable immune
response without 2 concomittant reduction in the ability to reduce a bacterial, viral, and/or fungal infection. Selective
inhibition of both P13K-6 and PI3K-y may be advantageaus for inhibiting the inflammatory response in the s;xbjcct toa
greater degree than that would be provided for by inhibitors that'selectively inhibit PI3K -5 or PI3K-y alone. In one
aspect, one or more of the subject methods are effective in reducing antigen specific antibody production in vivo by

20 about 2-fold, 3-fold, 4-fold, 5-fold, 7.5-fold, 10-fold, 25-fold, 50-fold, 100-fold, 250-fold, 500-fold, 750-fold, or about
1000-fold or more. In another aspect, one or more of the subject methods are effective in reducing antigeh specific
IgG3 and/or IgGM production in vivo by about 2-fold, 3-fold, 4-fold, 5-fold, 7.5-fold, 10-fold, 25-fold, 50-fold, 100-
fold, 250-fold, 500-fold, 750-fold, or about 1000-fold or more.

[00368] In one aspect, one of more of the subject methods are effective in ameliorating symptoms assoicated with

25 rhuematoid arthritis including but not limited to a reduction in the swelling of joints, a reduction in serum anti-collagen
levels, and/or a reduction in joint pathology such as bone resorption, cartilage damage, pannus, and/or inflammation.
In another aspect, the subject methods are effective in reducing ankle inflammation by at least about 2%, 5%, 10%,
15%, 20%, 25%, 30%, 50%, 60%, ot about 75% to 90%. In another aspect, the subject methods are effective in
reducing knee inflammation by at least about 2%, 5%, 10%, 15%, 20%, 25%, 30%, 50%, 60%, or about 75% to 90%

30 or more. In still another aspect, the subject methods are effective in reducing serum anti-type II collagen levels by at
least about 10%, 12%, 15%, 20%, 24%, 25%, 30%, 35%, 50%, 60%, 75%, 80%, 86%, 87%, or about 90% or more. In
another aspect, the subject methods are effective in reducing ankle histopathology scores by about 5%, 10%, 15%,
20%, 25%, 30%, 40%, 50%, 60%, 75%, 80%, 90% or more. In still another aspect, the subject methods are effective
in reducing knee histopathology scores by about 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 75%, 80%, 90% or

35 more.

[00369] In other embodiments, the present invention provides methods of using the compounds or pharmaceutical
compositions to treat respiratory diseases including but not limited to diseases affecting the lobes of lung, pleural
cavity, bronchial tubes, trachea, upper respiratory tract, or the nerves and muscle for breathing. For example, methods
are provided to treat obstructive pulmonary disease. Chronic obstructive pulmonary disease (COPD) is an umbrella

40 term for a group of respiratory tract diseases that are characterize:d by airflow obstruction or limitation. Conditions

included in this umbrella term are: chronic bronchitis, emphysema, and bronchiectasis.
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[00370] In another embodiment, the compounds described herein are used for the treatment of asthma. Also, the

compounds or pharmaceutical compositions described herein may be used for the treatment of endotoxemia and

- sepsis. In one embodiment, the compounds or pharmaceutical compositions described herein are used to for the

treatment of rheumatoid arthritis (RA). In yet another embodiment, the compounds or pharmaceutical compositions
described herein is used for the treatment of contact or atopic dermatitis. Contact dermatitis includes irritant
dermatitis, phototoxic dermatitis, allergic dermatitis, photoallergic dermatitis, contact urticaria, systemic contact-type
dermatitis and the like. Irritant dermatitis can occur when too much of a substance is used on the skin of when the skin
is sensitive to certain substance. Atopic dermatitis, sometimes called eczema, is a kind of dermatitis, an atopic skin
disease.

[00371] The invention also relates to a method of treating a hyperproliferative disorder in a mammai that comprises
administering to said mammal a therapeutically effective amount of a compound of the present invention, or a
pharmaceitically acceptable salt, ester, prodrug, solvate, hydrate or derivative thereof. In some embodiments, said
method relates to the treatment of cancer such as acute myeloid leukemia, thymus, brain, lung, squamous cell, skin,
eye, retinoblastoma, intraocular melanoma, oral cavity and oropharyngeal, bladdet, gastric, stomach, pancreatic,
bladder, breast, cervical, head, neck, renal, kidney, liver, ovarian, prostate, colqrectal, esophageal, tcsﬁcular,
gynecological, thyroid, CNS, PNS, AIDS-related (e.g. Lymphoma and Kaposi's Sarcoma) or viral-induced cancer. In
some embodiments, said method relates to the treatment of 2 non-cancerous hyperproliferative disorder such as benign
hyperplasia of the skin (e. g., psoriasis), restenosis, or prostate (e. g., benign ;;rostatic hypertrophy (BPH)).

[00372] The invention also relates to a method of treating diseases related to vasculogenesis or angiogenesis in a
mammal that comprises administering to said mammal a therapeutically effective amount of a compound of the
present invention, or a pharmaceutically acceptable salt, ester, prodrug, solvate, hydrate or derivative thereof. In some
embodiments, said method is for treating a disease selected from the group consisting of tumor angiogenesis, chronic
inflammatory disease such as rheumatoid arthritis, atherosclerosis, inflammatory bowel disease, skin diseases such as
psoriasis, eczema, and scleroderma, diabetes, diabetic retinopathy, retinopathy of prematurity, age-related macular
degeneration, hemangioma, glioma, melanoma, Kaposi's sarcoma and ovarian, breast, lung, pancreatic, prostate, colon
and epidermoid cancer.

[00373] Patients that can be treated with compounds of the present invention, or pharmaceutically acceptable salt,
ester, prodrug, solvate, hydrate or derivative of said compounds, according to the methods of this invention include,
for example, patients that have been diagnosed as having psoriasis; restenosis; atherosclerosis; BPH; breast cancer
such as a ductal carcinoma in duct tissue in 2 mammary gland, medullary carcinomas, colloid carcinomas, tubular
carcinomas, and inflammatory breast cancer; ovarian cancer, inclixding‘ epithelial ovarian tumors such as
adenaocarcinoma in the ovary and an adenocarcinoma that has migrated from the ovary into the abdominal cavity;
uterine cancer; cervical cancer such as adenocarcinoma in the cervix epithelial including squamous cell carcinoma and
adenocarcinomas; prostate cancer, such as a prostate cancer selected from the following: an adenocarcinoma or an
adenocarinoma that has migrated to the bone; pancreatic cancer such as epitheliod carcinoma in the pancreatic duct
tissue and an adenocarcinoma in a pancreatic duct; bladder cancer such as a transitional cell carcinoma in urinary
bladder, urothelial carcinomas (transitional cell carcinomas), tumors in the urothelial cells that line the bladder,
squamous cell carcinomas, adenocarcinomas, and small cell cancers; leukemia such as acute myeloid leukemia
{AML), acute lymphocytic leukemia, chronic lymphocytic leukemia, chronic myeloid leukemia, hairy cell leukemia,
myelodysplasia, myeloproliferative disorders, acute myelogenous leukemia (AML), chronic myelogenous leukemia
(CML), mastocytosis, chronic lymphocytic leukemia (CLL), multiple myeloma (MM), and myelodysplastic syndrome
(MDS); bone cancer; lung cancer such as non-small cell lung cancer (NSCLC), which is divided into squamous cell
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carcinomas, adenocarcinomas, and large cell undifferentiated carcinomas, and small cell lung cancer; skin cancer such
as basal cell carcinoma, melanoma, squamous cell carcinoma and actinic keratosis, which is a skin condition that
sometimes develops into squamous cell carcinoma; eye retinoblastoma; cutaneous or intraocular (eye) melanoma;
primary liver cancer (cancer that begins in the liver); kidney cancer; thyroid cancer such as papillary, follicular,

5 medullary and anaplastic; AIDS-related lymphoma such as diffuse large B-cell lymphoma, B-cell immunoblastic
lymphoma and small non-cleaved cell lymphoma; Kaposi's Sarcoma; viral-induced cancers including hepatitis B virus
(HBV), hepatitis C virus (HCV), and hepatocellular carcinoma; human lymphotropic virus-type 1 (HTLV-1) and adult
T-cell leukemia/lymphoma; and human papilloma virus (HPV) and cervical cancer; central nervous system cancers
(CNS) such as primary brain tumor, which includes gliomas (astrocytoma, anapiastic astrocytoma, or glioblastoma

10 multiforme), Oligodendroglioma, Ependymoma, Meningidma, Lymphoma, Schwannoma, and Medulloblastoma;
peripheral nervous system (PNS) cancers such as acoustic neuromas and malignant peripheral nerve sheath tumor
(MPNST) including neurofibromas and schwannomas, malignant fibrous cytoma, malignant fibrous histiocytoma,
malignant meningioma, malignant mésothelioma, and malignant mixed Miillerian tumor; oral cavity and
oropharyngeal cancer such as, hypopharyngeal cancer, laryngeal cancer, nasopharyngeal cancer, and oropharyngeal

15 cancer; stomach cancer such as lymphomas, gastric stromal tumors, and carcinoid tumors; testicular cancer such as
germ cell tumors (GCTs), which include seminomas and nonseminomas, and gonadal stromal ;tum'ors; which include
Leydig cell tumors and Sertoli cell tumors; thymus cancer such as to thymomas, thymic carcinomas, Hodgkin disease,
non-Hodgkin lymphomas carcinoids or carcinoid tumors; rectal cancer; and colon cancer.

[00374] The invention also relates to a method of treating diabetes in a mammal that comprises administering to said

20 mammal a therapeutically effective amount of a compound of the present invention, or a pharmaceutically acceptable
salt, ester, prodrug, solvate, hydrate or derivative thereof.

{60375] In addition, the compounds described herein may be used to treat acne.
[00376] In addition, the compounds described herein may be used for the treatment of arteriosclerosis, including
atherosclerosis. Arteriosclerosis is a general term describing any hardening of medium or large arteries.

25 Atherosclerosis is a hardening of an artery specifically due to an atheromatous plaque.

[00377] Further the compounds described herein may be used for the treatment of glomerulonephritis.
Glomerulonephritis is a primary or secondary autoimmune renal disease characterized by inflammation of the
glomeruli. It may be asymptomatic, or present with hematuria and/or proteinuria. There are many recognized types,
divided in acute, subaéute or chronic glomerulonephritis. Causes are infectious (bacterial, viral or parasitic pathogens),

30 autocimmune or paraneoplastic.

[00378] Additionally, the compounds described herein may be used for the treatment of bursitis, lupus, acute’
disseminated encephalomyelitis (ADEM), addison's disease, antiphospholipid antibody syndrome (APS), aplastic
anemia, autoimmune hepatitis, coeliac disease, crohn's disease, diabetes mellitus (type 1), goodpasture's syndrome;
graves' disease, guillain-barré syndrome (GBS), hashimoto's disease, inflammatory bowel disease, lupus

35 erythematosus, myasthenia gravis, opsoclonus myoclonus syndrome (OMS), optic neuritis, ord's
thyroiditis,ostheoarthritis, uveoretinitis, pemphigus, polyarthritis, primary biliary cirrhosis, reiter’s syndrome,‘
takayasu's arteritis, temporal arteritis, warm autoimmune hemolytic anemia, wegener's granulomatosis, alopecia
universalis, chagas' disease, chronic fatigue syndrome, dysautonomia, endometriosis, hidradenitis suppurativa,
interstitial cystitis, neuromyotonia, sarcoidosis, scleroderma, ulcerative colitis, vitiligo, vulvodynia, appendicitis,

40 arteritis, arthritis, blepharitis, bronchiolitis, bronchitis, cervicitis, cholangitis, cholecystitis, chorioamnionitis, colitis,
conjunctivitis, cystitis, dacryoadenitis, dermatomyositis, endocarditis, endometritis, enteritis, enterocolitis,
epicondylitis, epididymitis, fasciitis, fibrositis, gastritis, gastroenteritis, gingivitis, hepatitis, hidradenitis, ileitis, iritis,
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laryngitis, mastitis, meningitis, myelitis, myocarditis, myositis, nephritis, omphalitis, oophoritis, orchitis, osteitis,
otitis, pancreatitis, parotitis, pericarditis, peritonitis, pharyngitis, pleuritis, phlebitis, pneumonitis, proctitis, prostatitis,
pyelonephritis, rhinitis, salpingitis, sinusitis, stomatitis, synovitis, tendonitis, tonsillitis, uveitis, vaginitis, vasculitis, or
vulvitis.

5 [00379] The invention also relates to a method of treating a cardiovascular disease in 2 mamimal that comprises
administering to said mammal a therapeutically effective amount of a compound of the present invention; ora
pharmaceutically acceptable salt, ester, prodrug, solvate, hydrate or derivative thereof. Examples of cardiovascular
conditions include, but are not limited to, atherosclerosis, restenosis, vascular occlusion and carotid obstructive
disease.

10 {00380] In another aspect, the present invention provides methods of disrupting the function of a leukocyte or
disrupting a function of an osteoclast. The method includes contacting the leukocyte or the osteoclast with 2 function
disrupting amount of a compouﬁd of the invention.

[00381] In another aspect of the present invention, methods are provided for treating ophthalmic disease by
administering one or more of the subject compounds or pharmaceutical compositions to the eye of a subject.

15 [00382] Methods are further provided for administering the compounds of the present invention via eye drop,
intraocular injection, intravitreal injection, topically, or through the use of a drug eluting device, microcapsule,
implant, or microfluidic device. In some cases, the compounds of the presexit invention are administered with a carrier
or excipient that increases the intraocular penetrance of the compound such as an oil and water emulsion with colloid
particles having an oily core surrounded by an interfacial film.

20 [00383] In some cases, the colloid particles include at least one cationic agent and at least one non-ionic sufactaint
such as a poloxamer, tyloxapol, a polysorbate, a polyoxyethylene castor oil dérivative, a sorbitan ester, or a polyoxyl
stearate. In some cases, the cationic agent is an alkylamine, a tertiary alky! amine, a quarternary ammonium
compound, 2 cationic lipid, an amino alcohol, a biguanidine salt, a cationic compound or a mixture thereof. In some
cases the cationic agent is a biguanidine salt such as chlorhexidine, polyaminopropyl biguanidine, phenformin,

25 alkylbiguanidine, or a mixture thereof. In some cases, the quaternary ammonium compound is a benzalkonium halide,
lauratkonium halide, cetrimide, hexadecyltrimethylammonium halide, teﬂ‘adecyltﬁmethylammonium halide,
dodecyltrimethylammonium halide, cetrimonium halide, benzethonium halide, behenalkonium halide, cetalkdnium
halide, cetethyldimonium halide, cetylpyridinium halide, benzododecinium halide, chlorallyl methenamine halide,
nyristylalkonium halide, stearalkonium halide or a mixture of two or more thereof. In some cases, cationic agent is a

30 benzalkonium chloride, lauralkonium chloride, benzododecinium bromide, benzethenium chloride, .
hexadecylirimethylammonium bromide, tetradecyltrimethylammonium bromide, dodecyltrimethylammonium bromide
or 2 mixture of two or more thereof. In some cases, the oil phase is mineral oil and light mineral oil, medium chain
triglycerides (MCT), coconut oil; hydrogenated oils comprising hydrogenated cottonseed oil, hydrogenated palin oil,
hydrogenate castor oil or hydrogenated soybean oil; polyoxyethylene hydrogenated castor oil derivatives comprising

35 poluoxyl-40 hydrogenated castor oil, polyoxyl-60 hydrogenated castor oil or polyoxyl-100 hydrogenated castor oil.

‘ [00384] The invention further provides methods of modulating kinase activity by contacting a kinase with an amount
of a compound of the invention sufficient to modulate the activity of the kinase. Modulate can be inhibiting or
activating kinase activity. In some embodiments, the invention provides methods of inhibiting kinase activity by
contacting a kinase with an amount of a compound of the invention sufficient to inhibit the activity of the kinase. In

40 some embodiments, the invention provides methods of inhibiting kinase activity in a solution by contacting said
solution with an amount of a compound of the invention sufficient to inhibit the activity of the kinase in said solution.
In some embodiments, the invention provides methods of inhibiting kinase activity in a cell by contacting said cell

-92-



265, 272, 276, 287, 192, 194, 195, 199, 288 227, 231, 234, 235, 236, 238, 242, 244,
248, 249,

10

15

20

25

30

35

40

with an amount of a compound of the invention sufficient to inhibit the activity of the kinase in said cell. In some
embodiments, the invention provides methods of inhibiting kinase activity in a tissue by contacting said tissue with an
amount of a compound of the invention sufficient to inhibit the activity of the kinase in said tissue. In some
embodiments, the invention provides methods of inhibiting kinase activity in an organism by contacting said organism
with an amount of a compound of the invention sufficient to inhibit the activity of the kinase in said organism. In
some embodiments, the invention provides methods of inhibiting kinase activity in an animal by contacting said
animal with an amount of a compound of the invention sufficient to inhibit the activity of the kinase in said animal. In
some embodiments, the invention provides methods of inhibiting kinase activity in a mammal by contacting said
mammal with an amount of a compound of the invention sufficient to ix.;hibit the activity of the kinase in said mammal.
In some embodiments, the invention provides methods of inhibiting kindse activity in a human by contacting said
human with an amount of a compound of the invention sufficient to inhibit the activity of the kinase in said human. In
some embodiments, the % of kinase activity after contacting a kinase with a compound of the invention is less than 1,
5, 10, 20, 30, 40, 50, 60, 70, 80 90, 95, or 99% of the kinase activity in the absence of said contacting step.

[00385] In some embodiments, the kinase is a lipid kinase or 2 protein kinase. In some embodiments, the kinase is
selected from the group consisting of PI3 kinase including different isorforms such as PI3 kinase a, PI3 kinase f, PI3
kinase y, PI3 kinase §; DNA-PK; mTor; Abl, VEGFR, Ephrin receptor B4 (EphB4); TEK rece;;tor tyrosine kinase
(TIE2); FMS-related tyrosine kinase 3 (FLT-3); Platelet derived growth factor receptor (PDGFR); RET; ATM; ATi{;
hSmg-1; Hek; Sre; Epidermal growth factor receptor (EGFR); KIT; Inulsin Receptor (IR) and IGFR. '
{00386} The invention further provides methods of modulating P13 kinase activity by contacting a PI3 kinase with an
amount of a compound of the invention sufficient to modulate the activity of the PI3 kinase. Modulate can be
inhibiting or activating PI3 kinase activity. In some embodiments, the invention provides methods of inhibiting PI3
kinase activity by contacting a PI3 kinase with an amount of a compound of the invention sufficient to inhibit the
activity of the PI3 kinase. In some embodiments, the invention provides methods of inhibiting PI3 kinase activity.
Such inhibition can take place in solution, in a cell expressing one or more PI3 kinases, in a tissue comprising a cell
expressing one or more PI3 kinases, or in an organism expressing one or rﬁorc P13 kinases. In some embodiments, the
invention provides methods of inhibiting PI3 kinase activity in an animal (including mammal such as humans) by
contacting said animal with an amount of a compound of the invention sufficient to inhibit the activity of the PI3

kinase in said animal.

COMBINATION TREATMENT

[00387] The present invention also provides methods for combination therapies in which an agent known to modulate
other pathways, or other components of the same pathway, or even overlapping sets of target enzymes are used in
combination with a compound of the present invention, or a pharmaceutically acceptable salt, ester, prodrug, solvate,
hydrate or derivative thereof. In one aspect, such therapy includes but is not limited to the combination of the subject
compound with chemotherapeutic agents, therapeutic antibodies, and radiation treatment, to provide a synergistic or
additive therapeutic effect.

{60388} In one aspect, the compounds or pharmaceutical compositions of the present invention may present
synergistic or additive efficacy when administered in combination with agents that inhibit IgE production or activity.
Such combination can reduce the undesired effect of high level of IgE associated with the use of one or more PI3K&
inhibitors, if such effect occurs. This may be particularly useful in treatment of autoimmune and inflammatory

disorders (AIID) such as rheumatoid arthritis. Additionally, the administration of PI3K6 or PI3K8/y inhibitors of the
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255, 258, 259, 266, 268, 271, 275, 277, 278, 279, 280, 281,

present invention in combination with inhibitors of mTOR may also exhibit synergy through enhanced inhibition of
the PI3K pathway.

[00389] In a separate but related aspect, the present invention provides a combination treatment of a disease
associated with PI3K 5 comprising administering to a PI3KS3 inhibitor and an agent that inhibits IgE production or
activity. Other exemplary PI3K5 inhibitors are applicable for this combination and they are described, e.g., US Patent
No. 6,800,620. Such combination treatment is particularly useful for treating autoimmune and inflammatory diseases
(AIID) including but not limited to rheumatoid arthritis.

[06390] Agents that inhibit IgE production are known in the art and they include but are not limited to one or more of
TEI-9874, 2-(4-(6-cyclohexyloxy-2-naphtyloxy)phenylacetamide)benzoic acid, rapamycin, rapamycin analogs (i.e.
rapalogs), TORCI inhibitors, TORC?2 inhibitors, and any other compounds that inhibit mTORC! and mTORC2.
Agents that inhibit IgE activity include, for example, anti-IgE antibodies such as for example Omalizumab and TNX-
901.

[00391] For treatment of autoimmune diseases, the subject compounds or pharmaceutical compositions can be used in
combination with commonly prescribed drugs including but not limited to Enbrel®, Remicade®, Humira®, Avonex®,
and Rebif®. For treatment of respiratory diseaseses, the subject compounds or pharmaceutical compositions can be
administered in combination with commonly prescribed drugs including but not limited to Xolair®, Advair®,
Singulair®, and Spiriva“'.

[00392] The compounds of the invention may be formulated or administered in conjunction with other agents that act
to relieve the symptoms of inflammatory conditions such as encephalomyelitis, asthma, and the other diseases
described herein. These agents include non-steroidal anti-inflammatory drugs (NSAIDs), e.g. acetylsalicylic acid;
ibuprofen; naproxen; indomethacin; nabumetone; tolmetin; etc. Corticosteroids are used to reduce inflammation and
suppress activity of the immune system. The ‘most commonly prescribed drug of this type is Prednisone. Chiloroquine
(Aralen) or hydroxychloroquine (Plaquenil) may also be very useful in some individuals with lupus. They are most
often prescribed for skin and joint symptoms of lupus. Azathioprine (Imuran) and cyclophosphamide (Cytoxan)

- suppress inflammation and tend to suppress the immune system. Other agents, €.g. methotrexate and cyclosporin are

used to control the symptoms of lupus. Anticoagulants are employed to prevent blood from clotting rapidly. They
range from aspirin at very low dose which prevents platelets from sticking, to heparin/coumadin.

[00393] In another one aspect, this invention also relates to a pharmaceutical composition for inhibiting abnormal cell
growth in a mammal which comprises an amount of a compound of the present invention, or a pharmaceutically
acceptable salt, ester, prodrug, solvate, hydrate or derivative thereof, in combination with an amount of an anti-cancer
agent (e.g. 2 chemotherapeutic agent). Many chemotherapeutics are presently known in the art and can be used in
combination with the compounds of the invention. ‘

[00394] In some embodiments, the chemotherapeutic is selected from the group consisting of mitotic inhibitors,
alkylating agents, anti-metabolites, intercalating antibiotics, growth factor inhibitors, cell cycle inhibitors, enzymes,
topoisomerase inhibitors, biological response modifiers, anti-hormones, angiogenesis inhibitors, and anti-androgens.
Non-limiting examples are chemotherapeutic agents, cytotoxic agents, and non-peptide smail molecules such as
Gleevec (Imatinib Mesylate), Velcade (bortezomib), Casodex (bicalutamide), Iressa (gefitinib), and Adriamycin as
well as a host of chemotherapeutic agents. Non-limiting examples of chemotherapeutic agents include a—lkylating
agents such as thiotepa and cyclosphosphamide (CYTOXANm); alkyl sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and uredopa; ethylenimines and
methylamelamines including altretamine, triethylenemelamine, trietylenephosphoramide,

triethylenethiophosphaoramide and trimethylolomelamine; nitrogen mustards such as chlorambucil, chlomaphazine,
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cholophosphamide, estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosureas such as carmustine,
chlorozotocin, fotemustine, lomustine, nimustine, ranimustine; antibiotics such as aclacinomysins, actinomycin,
authramycin, azaserine, bleomycins, cactinomycin, calicheamicin, carabicin, carminomycin, carzinophilin, Casodex™
5, chromomycins, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin, ei)irubicin,
esorubicin, idarubicin, marcellomycin, mitomycins, mycophenolic acid, nogalamycin, olivomycins, peplomycin,

- potfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin,
zorubicin; anti-metabolites such as methotrexate and 5-fluorouracil (5-FU); folic acid analogues such as denobterin,
methotrexate, pteropterin, trimetrexate; purine analogs such as fludarabine, 6-mercaptopurine, thiamiprine,

10 thioguanine; pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine,
doxifluridine, enocitabine, floxuridine, androgens such as calusterone, dromostanolone propionate, epitiostanol,
mepitiostane, testolactone; anti-adrenals such as aminoglutethimide, mitotane, trilostane; folic acid repl_enisher such as
frolinic acid; aceglatone; aldophosphamide glycoside; aminolevulinic acid; amsacrine; bestrabucil; bisantrene;
edatraxate; defofamine; demecolcine; diaziquone; elfomithine; elliptinium acetate; etoglucid; gallium nitrate;

15 hydroxyures; lentina.n;' lonidamine; mitoguazone; mitoxantrone; mopidamol; nitracrine; pentostatin; phenamet;
pirarubicin; podophy!llinic acid; 2-ethylhydrazide; procarbazine; PSK.R™; razoxane; sizofiran; spirogermanium;
tenuazonic acid; triaziquone; 2,2',2"-trichlorotriethyla- mine; urethan; vindesine; dacarbazine; mannomustine;
mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside (“Ara-C”); cyclophosphamide; thiotepa; taxanes, €.g.
paclitaxel (TAXOL™, Bristol-Myers Squibb Oncology, Princeton, N.J.) and docetaxel (TAXOTERE™, Rhone-

20 Poulenc Rorer, Antony, France); retinoic acid; esperamicins; capecitabine; and pharmaceutically acceptable salts,
acids or derivatives of any of the above. Also included as suitable chemotherapeutic cell conditioners are anti-
hormonal agents that act to regulate or inhibit hormone action on tumors such as anti-estrogens including for example
tamoxifen (NolvadexTM raloxifene, aromatase inhibiting 4(5)-imidazoles, 4-hydroxytamoxifen, trioxifene, keoxifene,
LY 117018, onapristone, and toremifene (Fareston); and anti-androgens such} as flutamide, nilutamide, bxcalutamxde,

25 leuprolide, and goserelin; chlorambucil; gemcitabine; 6-thioguanine; mercaptopurine; methotrexate; platinum analogs
such as cisplatin and carboplatin; vinblastine; platinum; etoposide (VP-16); ifosfamide; mitomycin C; mitoxantrone;
vincristine; vinorelbine; navelbine; novantrone; teniposide; daunomycin; aminopterin; xeloda; ibandronate;
camptothecin-11 (CPT-11); topoisomerase inhibitor RFS 2000; difluoromethylornithine (DMFO). Where desired, the
compounds or pharmaceutical composition of the present invention can be used in combination with commonly

30 prescribed anti-cancer drugs such as Herceptin“’, Avastin®, Erbimx®, Rituxan®, Taxol®, Arimidex®, Taxotere®, and
Velcade®,

[00395] This invention further relates to a method for using the compounds or pharmaceutical composition in
combination with radiation therapy in inhibiting abnormal cell growth or treating the hyperproliferative disorder in the
mammal. Techniques for administering radiation therapy are known in the art, and these techniques can be used in the

35 combination therapy described herein. The administration of the compound of the invention in this combination
therapy can be determined as described herein.

[00396] Radiation therapy can be administered through one of several methods, or a combination of methods,
including without limitation external-beam therapy, internal radiation therapy, implant radiation, stereotactic
radiosurgery, systemic radiation therapy, radiotherapy and permanent or temporary interstitial brachytherapy. The

40 term “brachytherapy,” as used herein, refers to radiation therapy delivered by a spatially confined radioactive material
inseﬁed into the body at or near a tumor or other proliferative tissue disease site. The term is intended without
limitation to include exposure to radioactive isotopes (e.g. At-211,1-131, 1-125, Y-90, Re-186, Re-188, Sm-153, Bi-
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212, P-32, and radioactive isotopes of Lu). Suitable radiation sources for use as a cell conditioner of the present
invention include both solids and liquids. By way of non-lirhiting example, the radiation source can be a radionuclide,
such as I-125, I-131, Yb-169, Ir-192 as a solid source, I-125 as a solid source, or other radionuclides that emit photons,
beta particles, gamma radiation, or other therapeuﬁc rays. The radioactive material can alsb bea ﬁuid made from any
solution of radionuclide(s), e.g., a solution of I-125 or I-131, or a radioactive fluid can be produced using a slurry of a
suitable fluid containing small particles of solid radionuclides, such as Au-198, Y-90. Moreover, the radionuclide(s)
can be embodied in a gel or radioactive micro spheres.

[00397] Without being limited by any theory, the compounds of the present invention can render abnormal cells more
sensitive to treatment with radiation for purposes of killing and/or inhibiting the growth of such cells. Accordingly,
this invention further relates to a method for sensitizing abnormal cells in a mammal to treatment with radiation which
comprises administering to the mammal an amount of 2 compound of the present invention or pharmaceutically
acceptable salt, ester, prodrug, solvate, hydrate or derivative thereof, which amount is effective is sensitizing abnormal
cells to treatment with radiation. The amount of the compound, salt, or solvate in this method can be determined
according to the means for ascertaining effective amounts of such compounds described herein.

[00398] The compounds or pharmaceutical compositions of the present invention can be used in combination with an
amount of one or more substances selected from anti-angiogenesis agents, signal transduction inhibitors, and
antiproliferative agents.

[00399] Anti-angiogenesis agents, such as MMP-2 (matrix-metalloprotienase 2) inhibitors, MMP-9 (matrix-
rﬁeta]loprotienase 9) inhibitors, and COX-11 (cyclooxygenase 11) inhibitors, can be used in conjunction thﬁ a
compound of the present invention and pharmaceutical compositions described herein. Examples of useful COX—Ii
inhibitors include CELEBREX™ (alecoxib), valdecoxib, and rofecoxib. Examples of useful matrix metalloproteinase
inhibitors are described in WO 96/33172 (published October 24,1996), WO 96/27583 (published March 7,1996),
European Patent Application No. 97304971.1 (filed July 8,1997), European Patent Application No. 99308617.2 (filed
October 29, 1999), WO 98/07697 (published February 26,1998), WO 98/03516 (published January 29,1998), WO
98/34918 (published August 13,1998), WO 98/34915 (published August 13,1998), WO 98/33768 (published August
6,1998), WO 98/30566 (published July 16, 1998), European Patent Publication 606,046 (published July 13,1994),
European Patent Publication 931, 788 (published July 28,1999), WO 90/05719 (published May 31,1990), WO
99/52910 (published October 21,1999), WO 99/52889 (published October 21, 1999), WO 99/29667 (published June
17,1999), PCT International Application No. PCT/IB98/01113 (filed July 21,1998), European Patent Application No.
99302232.1 (filed March 25,1999), Great Britain Patent Application No. 9912961.1 (filed June 3, 1999), United States
Provisional Application No. 60/ 148,464 (filed August 12,1999), United States Patent 5,863, 949 (issued January
26,1999), United States Patent 5,861, 510 (issued January 19,1999), and European Patent Publication 780,386
(published June 25, 1997), all of which are incorporated herein in their entireties by refel"ence. Preferred MMP-2 and
MMP-9 inhibitors are those that have little or no activity inhibiting MMP-1. More preferred, are those that selectively
inhibit MMP-2 and/or AMP-9 relative to the other matrix-metalloproteinases (i. e., MAP-1, MMP-3, MMP-4, MMP-5,
MMP-6, MMP- 7, MMP-8, MMP-10, MMP-1l, MMP-12, andMMP-13). Some specific examples of MMP inhibitors
useful in the present invention are AG-3340, RO 32-3555, and RS 13-0830.

[60400] The invention also relates to a method of and to a pharmaceutical cofnposition of treating a cardiovascular
disease in a mammal which comprises an amount of a compound of the present invention, or a pharmaceutically
acceptable salt, ester, prodrug, solvate, hydrate or derivative thereof, or an isotopically-labeled derivative thereof, and

an amount of one or more therapeutic agents use for the treatment of cardiovascular diseases.
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[00401] Examples for use in cardiovascular disease applications are anti-thrombotic agents, e.g., prostacyclin and
salicylates, thrombolytic agents, e.g.,y streptokinase, urokinase, tissue plasminogen activator (TPA) and anisoylated
plasmigpgm-ﬂreptokinase activator complex (APSAC), anti-platelets agents, e.g., acetyl-salicylic acid (ASA) and
clopidrogel, vasodilating agents, e.g., nitrates, calcium channel blocking drugs, anti-proliferative agents, e.g.,
coichicine and alkylating agents, intercalating agents, growth modulating factors such as interleukins, transformation
growth factor-beta and congeners of platelet derived growth factor, monoclonal antibodies directed against growth
factors, anti-inflammatory agents, both steroidal and non-steroidal, and other agents that can modulate vessel tone,
function, arteriosclerosis, and the healing response to vessel or organ injury post intervention. Antibiotics can also be
included in combinations or coatings comprised by the invention. Moreover, a coating can be used to effect
therapeutic delivery focally within the vessel wall. By incorporation of the active agent in a swellable polymer, the
active agent will be released upon swelling of the polymer.

[00402] The compounds describe herein may be formulated or administered in conjunction with liquid or solid tissue
barriers also known as lubricants. Examples of tissue barriers include, but are not limited to, polysaccharides,
polyglycans, seprafilm, interceed and hyaluronic acid.

[00403] Medicaments which may be administered in conjunction with the compounds described herein include any
suitable drugs usefully delivered by inhalation for example, analgesics, e.g. codeine, dihydromorphine, ergotamine,
fentanyl or morphine; anginal preparations, e.g. diltiazem; antiallergics; e.g. cromoglycate, ketotifen or nedocromil;
anti-infectives, e.g. cephalosporins, penicillins, streptomycin, sulphonainides, tetracyclines or pentamidine;
antihistamines, e.g. methapyrilene; anti-inflammatories, e.g. beclomethasone, flunisolide, budesonide, tipredane,
triamcinolone acetonide or fluticasone; antitussives, e.g. nbscapine; bronchodilators, e.g. ephedrine, adrenaline,
fenoterol, formoterol, isoprenaline, metaproterenol, phenylephrine, phenylpropanolamine, pirbuterol, reproterol,
rimiterol, salbutamol, salmeterol, terbutalin, isoetharine, tulobuterol, orciprenaline or (-}-4-amino-3,5-dichloro-a-[{{6-
[2-(2-pyridinyl)ethoxy]hexyl]-amino]methylJbenzenemethanol; diuretics, e.g. amiloride; anticholinergics e.g.
ipratropium, atropine or oxitropium; hormones, e.g. cortisone, hydrocortisone or prednisolone; xanthines e.g.
aminophylline, choline theophyllinate, lysine theophyllinate or theophylline; and therapeutic proteins and peptides,
e.g. insulin or glucagon. It will be clear to a person skilled in the art that, where appropriate, the medicaments may be
used in the form of salts (e.g. as alkali metal or amine salts or as acid addition salts) or as esters (e.g. lower alkyl
esters) or as solvates (e.g. hydrates) to optimize the activity and/or stability of the medicament.

[00404] Other exemplary therapeutic agents useful for a combination therapy include but are not limited to agents as
described above, radiation therapy, hormone antagonists, hormones and their releasing factors, thyroid and antithyroid
drugs, estrogens and progestins, androgens, adrenocorticotropic hormone; adrenocortical steroids and their synthetic
analogs; inhibitors of the synthesis and actions of adrenocortical hormones, insulin, oral hypoglycemic agents, and‘the
pharmacology of the endocrine pancreas, agents affecting calcification and bone turnover: caicium, phosphate,
parathyroid hormone, vitamin D, calcitonin, vitamins such as water-soluble vitamins, vitamin B complex, ascorbic
acid, fat-soluble vitamins, vitamins A, K, and E, growth factors, cytokines, chemokines, muscarinic receptor agonists
and antagonists; anticholinesterase agents; agents acting at the neuromuscular junction and/or autonomic ganglia;
catecholamines, sympathomimetic drugs, and adrenergic receptor agonists or antagonists; and 5-hydroxytryptamine
(5-HT, serotonin) receptor agonists and antagonists.

[00405] Therapeutic agents can also include agents for pain and inflammation such as histamine and histamine
antagonists, bradykinin and bradykinin antagonists, 5-hydroxytryptamine (serotonin), lipid substances that are
generated by biotransformation of the products of the selective hydrolysis of membrane phospholipids, eicosanoids,
prostaglandins, thromboxanes, leukotrienes, aspirin, nonsteroidal anti-inﬂammatbry agents, analgesic-antipyretic
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agents, agents that inhibit the synthesis of prostaglandins and thromboxanes, selective inhibitors of the inducible
cyclooxygenase, selective inhibitors of the inducible cyclooxygenase-2, autacoids, paracrine hormones, somatostatin,
gastrin, cytokines that mediate interactions involved in humoral and cellular immune responses, lipid-derived
autacoids, eicosanoids, f-adrenergic agonists, ipratropium, glucocorticoids; methylxanthines, sodium channel

5 blockers, opioid receptbr agonists, calcium channel blockers, membrane stabilizers and leukotriene inhibitors.
[00406] Additional therapeutic agents contemnplated herein include diuretics, vasopressin, agents affecting the renal
conservation of water, rennin, angiotensin, agents useful in the treatment of myocardial iséhemia, anti-hypertensive
agents, angiotensin converting enzyme inhibitors, f-adrenergic receptor antagonists, agents for the treatment of
hypercholesterolemia, and agents for the treatment of dyslipidemia.

10 [00407] Other therapeutic agents contemplated include drugs used for control of gastric acidity, agents for the
treatment of peptic ulcers, agents for the treatment of gastroesophageal reflux disease, prokinetic agents, antiemetics,
agents used in irritable bowel syndrome, agents used for diarrhea, agents used for constipation, agents used for
inflammatory bowel disease, agents used for biliary disease, agents used for pancreatic disease. Therapeutic agents
used to treat protozoan infections, drugs used to treat Malaria, Amebiasis, Gia;'diasis, Trichomoniasis,

15 Trypanosomiasis, and/or Leishmaniasis, and/or drugs used in the chémotherapy of helminthiasis. Other therapeutic
agents include antimicrobial agents, sulfonamides, trimethoprim-sulfamethoxazole quinolones, and agents for urinary
tract infections, penicillins, cephalosporins, and other, B-Lactam antibiotics, an agent comprising an aminoglycoside,
protein synthesis inhibitors, drugs used in the chemotherapy of tuberculosis, mycobacterium avium complex disease,
and leprosy, antifungal agents, antiviral agents including nonretroviral agents and antiretroviral agents.

20 [00408] Examples of therapeutic antibodies that can be combined with a subject compound include but are not limited
to anti-receptor tyrosine kinase antibodies (cetuximab, panitumumab, trastuzumab), anti CD20 antibodies (rituximab,
tositumomab), and other antibodies such as alemtuzumab, bevacizumab, and gemtuzumab.

[00409] Moreover, therapeutic agents used for immunomodulation, such as immunomodulators, immunosuppressive
agents, tolerogens, and immunestimulants are contemplated by the methods herein. In addition, therapeutic agents

25 acting on the blood and the blood-forming organs, hematopoietic agents, growth factors, minerals, and vitamins,
anticoagulant, thrombolytic, and antiplatelet drugs.

[00410] Further therapeutic agents that can be combined with a subject compound may be found in Goodman and
Gilman’s “The Pharmacological Basis of Therapeutics” Tenth Edition edited by Hardman, Limbird and Gilman or the
Physician’s Desk Reference, both of which are incorporated herein by reference in their entirety.

30 [00411] The compounds described herein can be used in combination with the agents disclosed herein or other
suitable agents, depending on the condition being treated. Hence, in some embodiments the compounds of the
invention will be co-administer with other agents as described above. When used in combination therapy, the
compounds described herein may be administered with the second agent simultaneously or separately. This
administration in combination can include simultaneous administration of the two agents in the same dosage form,

35 simultaneous administration in separate dosage forms, and separate administration. That is, a compound described
herein and any of the agents described above can be formulated together in the same dosage form and administered
simultaneously. Alternatively, a compound of the present invention and any of the agents described above can be
simultaneously administered, wherein both the agents are present in separate formulations. In another alternative, a
compound of the present invention can be administered just followed by and any of the agents described above, or vice

40 versa. In the separate administration protocol, a compound of the present invention and any of the agents described

above may be administered a few minutes apart, or a few hours apart, or a few days apart.
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[00412] The examples and preparations provided below further illustrate and exemplify the compounds of the present
invention and methods of preparing such compounds. It is to be understood that the scope of the present invention is
not limited in any way by the scope of the following examples and preparations. In the following examples molecules
with a single chiral center, unless otﬁerwise noted, exist as a racemic mixture. Those molecules with two or more
5 chiral centers, unless otherwise noted, exist as a mccmic mixture of diastereomers. Single enantiomers/diastereomers
may be obtained by methods known to those skilled in the ast. ’
EXAMPLES

{00413] Example 1: Synthesis of 2-((4-amino'3—(3-hydroxypheny!)—1H-pyrazoto[3,4—d]pyrimidin-l-yl)methyi)-s-
methyl-3-o-tolylpyrido{2,3-d]pyrimidin-4(3H)-one ( Compound 1406).

10 [00414] Scheme 14. Synthesxs of 2-{(4-amino-3-(3-hydroxyphenyl)- 1H-pyrazolo[3 4- d]pynrmdm ]~yl)methyl) -5-
methyl-3-o-tolylpyrido[2,3-d]pyrimidin-4(3H)-one ( Compound 1406) is described.

CH4(CN),/
Piperidine/ NH:,/MeOH KOH
0o AcOH C(CN)Z RT . SPI’OH/H 0
RT, Overnight Ovemight NC ’ 2
T HLNTN Reﬂux
MeQ OMe MeQ OMe 2 0 hrs

101 102 103

n- [V
ﬁm N (%UQ Y BuLiTHE 78 5 ff Q
N 2) CICHZCOCI

NH, EDCIHOBt

RT, Ovemight NH, 70°C, 1.5
o
104 1401 . 1402
PA(OAC), ‘
, N PPhy 9
POl 0 BuoK o Na,COs f\fL N
Sealed tube E\YLN RT. 1h NN DMF; EtOH H,0 N N"\
TN H NN 80 °C, overnight Ny N,
115°C, Ovemnight  CI NN NN =N
N (v HO HoN
¥ N ¥ N B-OH 2
HoN " HoN
1403 1028A 1404 1405 or
OH 1406

15 [00415] To a stirred solution of 4,4-dimethoxy-2-butanone (101)(61 g, 85%, 0.393 mol), acetic acid (2.2 mL, 0.038
mmol) and piperidine (3.8 mL, 0.038 mol) in toluene (150 mL), malononitrile (25 g, 0.394 mmol) was added in
portions over 20 min. The reaction mixture was stirred overnight at room temperature. The resulting dark red solution
was washed with H,O (50 mL), dried over MgSO, and concentrated in vacuo to afford the desired product 2-(4,4-
dimethoxybutan-2-ylidene) malononitrile (102) (70 g, 99%), which was used directly in the next step.

20 [00416] Ammonia gas was bubbled through a solution of 102 (32 g, 0.178 mmol) in MeOH (500 mL) for 3 h, the
resulting deep-red solution was stirred overnight at room temperature. The mixture was concentrated and the residue
was partitioned between HCl solution (2 N, 600 mL) and EtOAc (600 mL). The aqueous layer was separated and
basified with ice-cold concentrated NaHCO; (600 mL) solution. The solid was precipitated out of the solution and
collected by filtration to afford the desired product 2-amino-4-methylnicotinonitrile (103) (3.0 g, 33%).

25 [00417] Compound 103 (5.32 g, 40 mmol) was suspended in a solution of potassium hydroxide (26.88 g, 480 mmol)

in water (26.85 mL) and iso-propanol (9.6 mL). The reaction mixture was heated to reflux for 50 h, then cooled to
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room temperature and diluted with ice-water (100 mL) and neutralized with concentrated HCI solution until PH =6 —
7. The mixture was concentrated in vacuo and the resulting residue was purified by flash chromatography eluting with
ethanol to afford the desired product 2-amino-4-methylnicotinic acid (104) (3.284 g, 54.7%).

{00418] To a stirred solution of 104 (3.2 g, 21.2 mmol) in DMF (40 mL) and DCM (80 mL) was added EDCI (8.12 g,
42.4 mmol), HOBt (2.86 g, 21.4 mmol) and o-Toluidine (4.53 mL, 42.4 mmol). The reaction mixture was stirred
overnight at rbom temperature and then poured into water (120 mL). The aqueous phase was extracted with DCM (60
mL x 2). The combined organic phases were washed with brine, dried over Mg80,, filtered and concentrated. The
solid was precipitated out of the solution. The solid was collected by filtration and dried to afford the desired product
2-amino-4-methyl-N-o-tolylnicotinamide (1401) (3. 6 g, 70.4%).

[00419] A suspension of 1401 (1.2 g, 4.96 mmol) in dry THF (60 mL) was added butyllithium (2.5M, 2.38 mL, 5.96
mmol) dropwise under Argon at -40 °C and stﬁ’red at this temperature for 1 h. Then the reaction mixture was cooled to
-78 °C and chioroacetyl chloride (0.432 mL, 5.4 mmol) was added. After stirring for 2 h at -78 °C, the reaction mixture
was poured into ice-water (100 mL). After most of THF was removed in vacuo, the solid was precipitated out of the
solution. The solid was collected by filtration and washed with ether to afford the desired product 2-(2-
chloroacetamido)-4-methyl-N-o-tolylnicotinamide (1402) (890 mg, 56.4%).

[00420] A mixture of 1402 (320 mg, 1 mmol) and phosphorus oxychloride (20 mL, 214mmol) was heated at 115 °C
overnight in a sealed- tube. The reaction mixture was cooled to room temperature and concentrated in vacuo. The
residue was poured into ice-water and neutralized with saturated NaHCO,; solution until PH 8 - 9, the resulting
precipitate solid was collected by filtration and washed with ether to afford the desired product 2-(chloromeihyl)-5-
methyl-3-o-tolylpyrido[2,3-d}pyrimidin-4(3H)-one (1403) (200 mg, 66.8%).

[00421] To a solution of 3-iodo-4-amine-1H-pyrazolo[3,4-d]pyrimidin (108A)(261 mg, 1.2 mmol) in dry DMF (9
mL) under nitrogen, potassium tert-butoxide(123 mg,1.1 mmol) was added at 0 °C . The resulting mixture was stirred
at this temperature for 45 min.. A solution of 1403 (300 mg, 1 mmol) in dry DMF (5 mL) was added. The reaction
mixture was stirred for 1h at 0 °C and then an additional 1h at room temperature. The mixture was concentrated in
vacuo and the resulting residue was purified by flash chromatography to afford the desired product 2-((4-amino-3-
iodo-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-5-methyl-3-o-tolylpyrido[2,3-d]pyrimidin-4(3H)-one (1404) (450 mg,
83.3%). '

[00422] To a solution of 1404 (36 mg, 0.06% mmol) and 3-hydroxyphenylboronic acid (1405)(12 mg, 0.083 mmol) in
DMF (2 mL), EtOH (1 mL) and water (1 mL}) was added Pd(PPh;), (7 mg, 0.006 mmol) and Na,CO; solution (1M, 0.5
mL, 0.5 mmol) under Argon. The resulting mixture was degassed and back-filled with argon three times and then
heated overnight at 80°C. The reaction mixture was allowed to cool to room temperature, concentrated. The residue
was diluted with water (20 mL), neutralized with HCI solution (IM) until pH 6 -7 and extracted with DCM (10 mL x
3). The combined organic layers were washed with brine, dried over Na;SO, and concentrated. The residue was
purified by flash chromatography to afford the desired product 2-((4-amino-3-(3-hydroxyphenyl)- 1H-pyrazolo[3,4-
d]pyrimidin-1 -yl)methyl)-S-meﬂlyl-B-o-toiylpyﬁdo[2,3-d]pyrimidin-4(3H)—one (1406) (8 mg, 23.7%).

[00423] Example 2: Synthesis of 5-((4-amino-3-(3-fluoro-4-hydroxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)methyl)-1,3-dimethyl-6-o-tolyl- 1H-pyrazolo{4,3-d]pyrimidin-7(6H)-one (Compoimd 1511).

[00424] Scheme 15. Synthesis of 5-((4-amino-3-(3-fluoro-4-hydroxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yDmethy!)-1,3-dimethyl-6-o-tolyl- IH-pyrazolo[4,3-d]pyrimidin-7(6H)-one (Compound 1512) is described.
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5 [00425] Sodium (5.2 g, 0.226 mol) was dissolved in anhydrous ethanol (120 mL). A mixture of diethyl oxalate
(1501)(31.8 mL, 0.235 mol) and acetone (16.0 mL, 0.218 mol) was added to the above solution keeping the
temperature under 10 °C. The reaction mixture was stirred overnight at RT. The resulting precipitate was collected by
filtration, washed with petroether and dried to afford the desired product 1502 as a yellow solid. (30.4 g,‘ 77.5%).
[00426] Hydrazine hydrate (9.7 mL, 85%, 0.200 mol) was added dropwise to acetic acid (34 mL). To this solution,

10 compound 1502 (30.4g, 0.169mol) was added in portions at 25°C. The resulting mixture was stirred for 2 h at room
temperature, then basified with saturated NaHCO; solution until pH 8 and extracted with DCM (200 mL x 3). The
combined organic phases were washed with brine, dried and concentrated to afford the desired product, compound
1503, as a yellow solid (22 g, 84.6%).

[00427] Dimethyl sulfate (3.2 mL, 33.8 mmol) was added dropwise to a solution of compound 1503 (4.2 g, 29.9

15 mmol) in toluene (20 mL). The reaction mixture was stirred for 4 h at 80 °C, then allowed to cool to room temperature
and concentrated. A 40% NaOH solution (15 mL) was added to the residue. The resulting mixture was stirred for 1h
at 80 °C, then cooled to room temperature and diluted with H,0 (30 mL), acidified with concentrated HCI solution
until pH 3 — 4. The precipitated solid was collected by filtration, washed with cold water and dried to afford the
desired product, compound 1505, as an off-white solid. (3.54 g, 84.4%).

20 [00428] To a stirred mixture of concentrated H,SO, (3.6 mL) and fuming HNO; (3.1 mL, 73.9 mmol), the acid 1505
(2.813 g, 20 mmol) was added at 70 - 80 °C. The reaction mixture was stirred for 6 hat 70 °C, and cooled to room
temperature and then poured into ice-water. The precipitated solid was collected by filtration, washed with water and

dried to afford the desired product, compound 1506, as a yellow solid (0.795 g, 21.5%).
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[00429} A mixture of compound 1506 (1.508 g, 8.15 mmol) and SOCI; (6 mL) was refluxed for 3 h, then concentrated
to remove SOC),. The residue was dissolved in CH,Cl; (8 mL). To this solution, Et;N (1.13 mL) and o-toluidine (1.12
g, 12.23 mmol) was added at 0 °C. The resulting mixture was stirred for 2 h at 10 °C, concentrated and diluted with
water. The solid was collected by filtration, washed with water and petroether, dried to afford the desired product,
compound 1507, as a yellow solid (1.74 g, 77.6%).
[00430] To a stirred mixture of compound 1507 (1.73 g, 6.31 mmol) in MeOH (100 mL) and THF (10 mL), 5% Pd/C
(0.2 g) was added. The mixture was degassed and back-filled with hydrogen three times. The reaction mixture was
stirred overnight at room temperature and then filtrated. The filtrate was concentrated in vacuo. The solid was dried to
afford the desired product, compound 1508, as a pale solid (1.47 g, 95.4%). _
{00431} Chloroacetyl chloride (1.44 mL, 1.99 mmotl) was added to a solution of compound 1508 (1.46 g, 5.98 mmol)
in acetic acid (20 mL) and the reaction mixture was heated to reflux for 4 h. The reaction mixture was cooled to room
temperature and concentrated in vacuo. The residue was diluted in DCM (100 mL), washed with saturated NaHCO,
solution and brine, dried and concentrated. The residue was purified by flash chromatography eluting with petroether
in ethyl acetate (10 / 1) to afford the desired pt;oduct, compound 1509, as a off-white solid (0.48 g, 26.7%).
[00432] A solution of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (108A) (311 mg, 1.19 mmol) and K,CO; (330
mg, 2.39 mmol) in DMF (10 mL) was stirred at room temperature for 15 min., 2 solution of compound (1509) (180
mg, 1.15 mmol, 1 eq.) in DMF (5 mL) was added dropwise at room temperature. The resulting mixture was stirred 2 h
at 80°C. The reaction mixture was concentrated in vacuo to remove the organic solvent. The resulting residue was
purified by a silica gel column chromatography to afford the desired product, compound 1509, (142 mg, 44.9% yield)
as a pale yellow solid.
[00433] Compound 1510 (40 mg, 0.076 mmol), Na,CO; (40 mg, 0.38 mmol), Pd(PPhs), (17.6 mg, 0.015 mmol), and
3-fluoro-4-hydroxyphenylboronic acid (15.8 mg, 0.101 mmol) were dissolved in a solution of DMF, ethanol and
water (4 mL /2 mL / 2mL). The resulting mixture was degassed and back-filled with argon three times and then
heated to 80 °C for 4 h with stirring. The reaction mixture was cooled to room temperature, neutralized with 1N HCl
solution until pH 7, concentrated in vacuo and extracted with ethyl acetate. The combined organic phases were dried
over Na,SO,, filtered and concentrated. The residue was purified by flash column chromatography eluting with DCM /
MeOH = 50/ 1 to afford the desired product 1511(32 mg, 82%).
[00434] Example 3: Synthesis of 3-((4-amino-3-(3-hydroxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-8-
methyl-2-o-tolylisoquinolin-1(2H)-one (Compound 1610) (method A). |

Scheme 16. : Synthesis of 3-((4-amino-3-(3-hydroxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-8-methyl-

2-o-tolylisoquinolin-1(2H)-one (Compound 1610) via method A is described.
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[00435] A solution of 2~amino—6—me;thylbenzoic acid (104) (106.5 g, 705 mmol) in H,O (200 mL) was cooled to 0 - 5
°C, con. HCI (250 mL) was added slowly. The solution was stirred for 15 min at 0-5 °C. A solution of sodium nitrite
(58.4 g, 6.85 mol) in H,0 (120 mL) was added dropwise at 0-5 °C, and the resulting mixture was stirred for 30 min.
Then above solution was added to a solution of KI (351 g, 2.11 mol) in H,O (200 mL), and the resulting mixture was
stirred at RT for 16 h. The solution was poured into ice water (2000 mL) and extracted with ethyl acetate (3 x 1000
mL). The combined organic layer was washed with aqueous NaOH (15%, 3 x 200 mL). The aqueous layer was
acidified to PH = 1, and extracted with ethyl acetate (3 x 1000 mL). The combined organic layer was dried over
Na,S0; and filtered. The filtrate was concentrated in vacuo to afford the desired product, 2-iodo-6-methylbenzoic acid
(901) (145 g, 79% yield) as a yellow solid

[00436) To a stirred mixture of 2-iodo-6-methylbenzoic acid (901) (105 g, 400 mmol), Pd(OAc), (27 g, 120 mmol)
and PPh, (63 g 240 mol) in THF (1000 mL) at RT, tributyl(vinyl)tin (152 g, 480 mmol) was added. The resulting
mixture was heated to reflux overnight. The mixture was allowed to cool to RT, filtered through silica gel (10 g), and
then concentrated in vacuo. The residue was poured into ice water (1000 mL) and extracted with ethy] acetate (3 x

1000 mL). The combined organic layer was washed with aqueous NaOH (15%, 5 x 200 mL). The combined aqueous

~ layer was acidified to PH = 1, extracted with ethyl acetate (3 x 1000 mL). The combined organic layer was dried over

20

25

Na,SO, and filtered. The filtrate was concentrated in vacuo to afford the desired product, 2-methyl-6-vinylbenzoic
acid (902) (61 g, 95% yield) as a yellow solid. '

[00437] A mixture of 2-methyl-6-vinylbenzoic acid (902) (56 g, 350 mmol) and thionyl chioride (208 g, 1750 mmol)
in toluene (400 mL) was stirred at reflux for 2 h. The mixture was concentrated in vacuo to afford the desired product,
2-methyl-6-vi>nylbenzoyl chloride (1601) (63 g, 95% yield) as a yellow oil. The product obtained was used directly in

the next step without purification.
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[00438] A mixture of o-toluidine (45 g, 420 mmo!) and Triethylamine (71 g, 70 mmot) in CH,Cl; (300 mL) was
stirred for 10 min at RT. To this mixture, 2-methyl-6-vinylbenzoyl chloride (1501) (63 g, 35 mmol) was added, and
the resulting mixture was stirred at RT for 30min. The solution \;'as poured into water (300 mL) and extracted with
CH,Cl; (3 x 200 mL), dried over Na,SO, and filtered. The filtrate was concentrated in vacuo to afford the crude

5 product. The crude product was suspended in IPE (isopropyl ether) (300 mL), stirred at reflux for 30min, and then

cooled to 0 - 5°C. The precipitate was collected by filtration and further dried in vacuo to afford the desired product, 2-

methyl-N-o-tolyl-6-vinylbenzamide (1602) (81 g, 80% yield) as a yellow solid.
[00439] To a solution of 2-methyl-N-o-tolyl-6-vinylbenzamide (1602) (80 g,'320 mmol) in DMF (250 mL) at RT,
NaH (60% in mineral oil, 25.6 g, 640 mmol) was slowly added and the resulting mixture was stirred at RT for 30 min.

10 To this mixture, ethyl chloroacetate (78 g, 640 mmol) was added and the resulting mixture was stirred at RT for 2 h.
The solution was poured into water (500 mL) and extracted with ethyl acetate (3 x 200 mL), dried over Na,SO, and
filtered. The filtrate was concentrated in vacuo. The crude product was suspended in MeOH (160 mL), stirred at reflux
for 10 min, and then cooled to 0 — 5°C. The precipitate was collected by filtration and further dried in vacuo to afford
the desired product, ethyl 2-(2-methyl-N-o-tolyl-6-vinylbenzamido) acetate (1603) (67 g, 62% yield) as a white solid.

15 [00440] To a stirred mixture of ethyl 2-(2-methyl-N-o-tolyl-6-vinylbenzaxhido) acetate (1603) (67 g, 200 mmol} in 1,
4-dioxane (300 mL) and H,O (100 mL) at RT, Osmium tetroxide (20mg) was édded was and stirred at RT for 30 min.
To this mixture, sodium periodate (86 g, 400 mmol) was added and the resuiﬁpg mixture was stirred at RT for 1.6.11.
The reaction mixture was filtered through silica gel (10 g), the filtrate Was qxtracted with ethyl acetate (3 x 200 mL).
The combined organic layers were washed with brine (100 mL), dried over.Na:2804 and filtered. The filtrate was

20 concentrated in vacuo and the residue was further dried in vacuo to aff(;rd the desired product, ethyl 2-(2-formyl-6-
methyl-N-o-tolylbenzamido) acetate (1604) (38 g, 57% yield) as a yel!o;y solid.
[00441] To a stirred solution of ethyl 2-(2-formyl-6-methy}-N-o-tolylbenzamido) acetate (1604) (38 g, 112 mmol) in
EtOH (200 mL) and ethyl acetate (100 mL) at RT, cesium carbonate (22 g, 112 mmol) was added. The resulting
mixture was degassed and back-filled with argon three times and then stirred at 50 °C for 5 h. The mixture was

25 allowed to cool to RT, filtered through silica gel (10 g), and the filtrate was concentrated in vacuo. The residue was
poured into H,O (200 mL), extracted with ethyl acetate (3 x 200 mL). The combined organic layer was washed with
brine (50 mL), dried over Na,SO; and filtered. The filtrate was concentréted in vacuo. The crude product was

suspended in IPE (120 mL), heated to reflux for 10min, and then cooled to 0 - 5°C. The precipitate was collected by

filtration and further dried in vacuo to afford the desired product, ethyl 8-methyl-1-oxo0-2-o0-tolyl-1,2-

30 dihydroisoquinoline-3- carboxylate (1605) (28 g, 77% yield) as a white solid.
100442} To a stirred solution of lithium aluminum hydride (8.28 g, 218 mol) in anhydrous THF (500 mL) at -78° C
under a nitrogen atmosphere, ethyl 8-methyl—l-oxo—2-o~§olyl-l,Z-dihydmisoquinoline-3-carboxylatc (1605) (28 g, 87
mmol) was slowly added over a 10 min period of time. The resulting mixture was allowed to warm to -30° C, stirred
for 30min and TLC showed the completion of the reaction. Then the mixture was cooled to -78° C, and water (50

35 mL)was slowly‘ added. The mixture was allowed to warm to RT, filtered through silica gel (10 g), and the filtrate was
concentrated in vacuo. The crude product was poured into H,0 (200 mL) and extracted with ethyl acetate (3 x 200
mL). The combined organic layer was washed with brine (50 mL), dried over Na,SO, and filtered. The filtrate was
concentrated in vacuo. The crude product was suspended in ethyl acetate (30 mL) and stirred for 10min. The solid was »
collected by filtration and further dried in vacuo to afford the desired product, 3-(hydroxymethyl)-8-methyl-2-o-

40 tolylisoquinolin-1(2H)-one (1606) (22 g, 92% yield) as a white solid.
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[00443] PBr; (25.6 g, 95 mmol) was slowly added to a stirred solution of DMF (11.5 g, 158 mol) in acetonitrile ( 200
mL yat 0° C, and the resulting mixture was stirred at 0C for 30 min. 3-(Hydroxymethyl)-8-methyl-2-o-
tolylisoquinolin -1-(2H)-one (1606) (22 g, 78.8 mmol) was slowly added. Then the reaction mixture was allowed to
warm to RT and stirred for 30 min. Saturated aqueous NaHCO; solution (50 mL) was slowly added and extracted with
5 ethyl acetate (3 x 200 mL). The combined organic layer was washed with brine, dried over Na,S0, and filtered. The
filtrate was concentrated in vacuo. The crude product was suspended in IPE (50 mL) and then stirred for 10min. The
precipitate was collected by filtration and further dried in vacuo to afford the desired product, 3-(bromomethyl)-8-
methyl-2-o-tolylisoquinolin-1(2H)-one (1607) (21 g, 80% yield) as a white solid.
[00444] 3-Iodo-1H-pyrazolo[3,4—d}pyrimidin-4-émine (108A) (10.8 g, 41.4 mmol) and potassium tert -butoxide (4.4

10 g, 40 mmol) were dissolved in anhydrous DMF (150 mL) and stirred at RT for 30 min. 3-(Bromomethyl)-8-methyl-2-
o-tolylisoquinolin-1(2H)-one (1607) (13.7 g, 40 mmol) was added. The resulting mixture was stirred at RT for 30min,
poured into ice water (300 mL) and then extracted with ethyl acetate (3 x 200 mL). The combined organic layer was
washed with brine (50 mL), dried over Na,SO, and filtered. The filtrate was concentrated to about 100 ml in vacuo,
the precipitate was collected by filtration to afford the first batch of desired product, 3-((4-amino-3-iodo-1H-

15 pyrazolo[3,4-d]pyrimidin-1-yl)mcthyl)-8-methyl-2-o-tolylisoquinolin-f(fH)-one (1608) (12 g, 60% yield) as a white
solid. The filtrate was concentrated in vacuo and the residue was purified by flash column chromatography on silica
gel (2-20% MeOH/DCM) to afford the second batch of desired product, 3-((4-amino-3-iodo-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)methyl)-8-methyl-2-o-tolylisoquinolin-1(2H)-one (1608) (6 g, 30% yield) as a white solid.

[00445] 3—((4farnino-3-iodo-1H—pyrazolo[3,4-d]pyrimidin—l-yl)methyl)-s-methyl-z’o— tolylisoquinolin-1(2H)-one

20 (1608) (13 g, 24.9 mmol) and 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (1609)(6.6 g, 30 mmol) were
dissolved in DMF-EtOH-H,0 (120 mL, 40 mL, 40 mL). Pd(OAc), (1.684 g, 7.5 mmol), PPh; (3.935 g 15 mmol) and
NayCO; (13.25 g 125 mmol) were added sequentially. The resulting mixture was degassed and back-filled with argon
three times and then stirred at 100 °C for 1h. T};e mixture was allowed to cool to RT, filtered through silica gel (10 g)
and concentrated in vacuo. The residue was purified by flash column chromatography on silica gel (2-20%

25 MeOH/DCM) to afford the product (1610) (9 g, 76% yield) as a slight yellow solid. Then above product was
suspended in EtOH (100 mL) and heated to reflux for 30 min. The mixture was allowed to cool to RT, and the solid
was collected by filtration. The solid was then suspended in EA (100 mL) and stirred overnight. The precipitate was
collected by filtration and further dried in vacuo to afford the desired product , 3-((4-amino-3-(3-hydroxyphenyl)-1H-~
pyrazolo[3,4-d]pyrimidin- 1-yl)methy!)-8-methyl-2-o-tolylisoquinolin-1(2H)-one (1610)(8.4 g, 69% yield) as a white

30 solid.

[00446] Example 4: Synthesis of 3-({(4-amino-3-(3-hydroxyphenyl)-1H-pyrazolof3,4-d]Jpyrimidin- 1-y!)methyl)-8-
methyl-2-o-tolylisoquinolin-1(2H)-one ( Compound 1610) (method B).

[00447] Scheme 17. Synthesis of 3-((4-amino-3-(3-hydroxyphenyl)-1H-pyrazolo{3,4-d]pyrimidin-1-yl)methy)-8-
methyl-2-o-tolylisoquinolin-1(2H)-one (Compound 1610) via method B is described.
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[00448] 3-(3-Methoxypheny!)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (1701)(964 mg, 4 mmol) and potassium tert -
butoxide (0.44 g, 4 mmol) were dissolved in anhydrous DMF (150 mL) and stirred at RT for 30 min. 3-
(Bromomethyl)-8-methyl-2-o-tolylisoquinolin-1(2H)-one (1607) (1.37 g, 4.0 mmol) was added. The resulting mixture
was stirred at RT for 30min, poured into ice water (30 mL) and then extracted with ethy! acetate (3 x 50 mL). The
combined organic layer was washed with brine (25 mL), dried over Na,SO, and filtered. The filtrate was concentrated
in vacuo and the residue was purified by flash column chromatography on silica gel (2-20% MeOH/DCM) to afford
the desired product, 3-((4-amino-3-(3-methoxyphenyl)-1H-pyrazolo[3,4-d)pyrimidin-1-yl)methyl)-8-methyl-2-o-
tolylisoquinolin-1(2H)-one (1702) (1.4 g, 70% yield) as a white solid.
[00449] To a solution of 3-((4-amino-3-(3-methoxyphenyl)- 1H-pyrazolof3,4-d}pyrimidin- }-yl)methyl)-8-methyi-2-o-
tolylisoquinolin-1(2H)-one (1702)(100 mg, 0.2 mmol) in CH,Cl, (20 mL) at -78 °C under a nitrogen atmosphere, »
BBr; (1 mL) was added and the resulting mixture was stirred at -78 °C for 3 K. The mixture was allowed to warm to
RT, poured into ice-water (200 mL) and extracted with ethyl acetate (3 x Sb;mL). The combined organic layer was
washed with brine (20 mL), dried over Na,SO, and filtered. The filtrate wasiconcentrated in vacuo an& the residue was
purified by flash column chromatography on silica gel (10-50% MeOH/CH,Cl,) to afford the desired product, 3-((4-
amino-3-(3-hydroxyphenyl)- 1H-pyrazolo[3 ,4-d}pyrimidin-1-yl)methyl)-8-methyl-2-o-tolylisoquinolin-1(2H)-one
(1610)(87 mg, 91% yield) as a white solid. ;
[00450} Example 5: Synthesis of (R)-3-((4-amino-3-(3-hydroxybut-1-ynyl)- 1H-pyrazolo{3,4-d]pyrimidin-1-
ylmethyl)-8-methyl-2-o-tolylisoquinoiin-1(2H)-one { Compound 1802).

Scheme 18. Synthesis of (R)-3-((4-aminc-3-(3-hydroxybut-1-ynyl)- 1H-pyrazolo{3,4-d}pyrimidin-1-yl)methyl)-8-

methyl-2-o-tolylisoquinolin-1(2H)-one ( Compound 1802) is described.
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[00451] 3-((4-amino-3-iodo-1H-pyrazolo[3,4-d]}pyrimidin-1-yl)methyl)-8-methyl-2-o- tolylisoquinolin-1(2H)-one (
1608) (522 mg, 1 mmol) and (R)-but-3-yn-2-ol (84 mg, 1.2 mmol) were dissolved in anhydrous THF (40 mL). The
m'ixture was degassed and back-filled with nitrogen three times. Pd(PPh;},Cl, (12 mg, 0.1 mmol), Cul (47 mg 0.25
mmol) and (i-Pr),NH (505 mg, 5 mmol) were added sequentiaily. The resulting mixture was dégassed and back-filled
with argon three times and then stirred at reflux for 4h. The mixture was-allowed to cool to RT, filtered through silica
gel (10 g) and concentrated in vacuo. The residue was purified by flash column chromatography on silica gel (2-20%
MeOH/DCM) to afford the product, 3 (R)-3-((4-amino-3-(3-hydroxybut-1-ynyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)methyl)-8-methyl-2-o-tolylisoquinolin-1(2H)-one (1802) (324 mg, 70% yield) as a slightly yellow solid.

[00452] Example 6: Synthesis of 3-((6-amino-9H-purin-9-yl)methyl)-8-methyl-2-o-tolylisoquinolin-1(2H)-one
(Compound 1902).

[00453] Scheme 19. Synthesis of 3-((6-amino-9H-purin-9-yl)methyl)-8-methy}-2-o-tolylisoquinolin-1(2H)-one
(Compound 1902) is described.
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[00454] 9H-Purin-6-amine (1901)(540 mg, 4.0 mmol) was dissolved in anhydrous DMF (20 mL). NaH (60% in
mineral oil, 160 mg, 4.0 mmol) was added and the resulting mixture was stirred at RT for 30 min. 3-(Bromomethyl)-8-
methyl-2-o-tolylisoquinolin-1(2H)-one (1667)(1.37 g, 4.0 mmol) was added. The reaction mixture was stirred at RT
5 for 30min, poured into ice-water (30 mL) and then extracted with ethyl acetate (3 x 50 mL). The combined organic
layer was washed with brine (25 mL), dried over Na,SO, and filtered. The filtrate was concentrated in vacuo and the
residue was purified by flash column chromatography on silica gel (2-20% MeOH/DCM) to afford the desired
product, 3-((6-amino-9H-purin-9-yl)methyl)-8-methyl-2-o-tolylisoquinolin-1(2H)-one (1902)(1.1 g, 70% yield) as 2
white solid.
10 [60455] Example 7: Synthesis of 3-((4-amino-3—(3-hydroxyphenyl)—1H-pyrézoio[3,4-d}pyrimidin—I-yl)methyl)-z-
isopropy!-8-methylisoquinolin- 1(2H)-one (Compound 2009).
Scheme 20." Synthesis of 3-((4-amino-3-(3-hydroxyphenyl)-1H-pyrazolo{3,4-d]pyrimidin-1-yl)methyl)-2-isopropyl-
8-methylisoquinolin-1(2H)-one (Compound 2009) is described.
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{00456] To a stirred mixture of 2-iodo-6-methylbenzoic acid (901) (105 g, 400 mmol), Pd(OAc), (27 g, 120 mmol)
and PPh; (63 g 240 mol) in THF (1000 mL) at RT, tributyl{vinyl)tin (152 g, 480 mmol) was added. The resulting
mixture was heated to reflux overnight. The mixture was allowed to cool to RT, filtered through silica gel (10 g), and
then concentrated in vacuo. The residue was poured into ice water (1000 mL) and extracted with ethyl acetate (3 x
5 1000 mL). The combined organic layer was washed wnh aqueous NaOH (15%, § x 200 mL). The combined aqueous

layer was acidified to PH = 1, extracted with ethyl acetate (3 x 1000 mL). The combined organic layer was dried over
Na,SO, and filtered. The filtrate was concentrated in vacuo to afford the desired product, '2—methy!-6-vinylbenzoic
acid (902) (61 g, 95% yield) as a yellow'solid. : ' '
[00457] A mixture of 2-methyl-6-vinylbenzoic acid (902) (56 g, 350.mmo!j and thiony! chloride (208 g, 1750 mmol)

10 in toluene (400 mL) was stirred at reflux for 2h. The mixture was concentrated in vacuo to afford the desired product,
2-methyl-6-vinylbenzoyl chloride (1601) (63 g, 95% yield) as a yellow oil. The product obtained was used directly in
the next step without purification. »
[00458] Propan-2-amine (2001)(59 g, 1.0 mol) and ethyi chloroacetate (122 g, 1.0 mbl) were dissolved in toluene
(200 mL) and the mixture was stirred at reflux for 2h. The reaction mixtute was allowed to cool to RT, pourea into

15 ice-water (500 mL) and extracted with ethyl acetate (3 x 250 mL). The combined organic layer was washed with brine
(50 mL), dried over Na,SO, and filtered. The filtrate was concentrated in vacuo and the residue was purified by flash
column chromatography on silica gel (10-50% EA /PE) to afford the product, ethyl 2~(isopropylamino)acetate (2002)
(70g, 51% yield) as an oil. :
[00459] Ethy! 2-(isopropylamino)aéetate (2002) (14.5 g, 100 mmol) and triethylamine (200 g, 200 mmol) were

20 dissolved in CH,Cl, (300mL) and the mixture was stirred for 10 min at RT. 2-Methyl-6-vinylbenzoyl chloride (iGOi)
(18 g, 100 mmo}) was added, and the resulting mixture was stirred at RT for 30min. The reaction mixture was poured
into water (300 mL) and extracted with CH,Cl, (3 x 200 mL). The combined organic layer was washed with brine (50
mL), dried over Na,SO, and filtered. The filtrate was concentrated in vacuo to afford the crude product. The crude
product was suspended in IPE (isopropy! ether) (300 mL), stirred at reflux for 30min, and then cooled to 0-5°C. The

25 precipitate was collected by filtration and further dried in vacuo to afford the desired product, ethyl 2-(N-isopropyl-2-
methyl-6-vinylbenzamido)acetate (2003) (14.5 g, 50% yicld) as a yellow solid.
[00460] To a stirred solution of ethyl 2-(N-isopropyl-2-methyl-6-vinylbenzamido)acetate (2003) (14.0 g, 48.0 mmol)
in 1,4-dioxane (100 mL) and H,0 (30 mL), Osmium tetroxide (20 mg) was added and the resulting mixture was stirred
at RT for 30 min. To this mixture, sodium perioglate (22 g, 100 mmol) was added and then stirred at RT for 16h. Thé

30 reaction mixture was filtered through silica gel (10 g), the filtrate was extracted with ethyl acetate (3 x 200 mL). The
combined organic layer was washed with brine (50 mL), dried over Na,80, and filtered. The filtrate was concentrated
in vacuo and the residue was further dried in vacuo to afford the desired product, ethyl 2-(2-formyl-N-isopropyl-6-
methylbenzamido)acetate (2004) (8.33 g, 57% yield) as a yellow solid.
[00461] To a stirred solution of ethyl 2-(2-formyl-N-isopropyl-6-methylbenzamido)acetate (2004) (8.3 g, 28.0 mmol)

35 in EtOH (100 mL) and ethyl acetate (50 mL) at RT, cesium carbonate (5.9 g, 30 mmol) was added. The resulting
mixture was degassed and back-filled with argon three times and then stirred at 50°C for 5 h. The mixture was allowed
to cool to RT, filtered through silica gel (10 g), and the filtrate was concentrated in vacuo. The residue was poured into
H,0 (200 mL), extracted with ethyl acetate (3 x 200 mL). The combined organic layer was washed with brine (50
mL), dried over Na,SO, and filtered. The filtrate was concentrated in vacuo. The crude product was suspended in IPE

40 (120 mL), stirred at reflux for 10min, and then cooled to 0-5°C. The precipitate was collected by filtration and further
dried in vacuo to afford the desired product, ethyl 2-isopropy!-8-methyi-1-oxo-1,2-dihydroisoquinoline-3- carboxylate
(2005) (5.35 g, 70% yield) as a white solid.
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[00462] To a stirred solution of lithium aluminum hydride (2.88 g, 76 mol) in anhydrous THF (200 mL) at-78° C
under a nitrogen atmosphere, ethyl 2-isopropyl-8-methyl-1-oxo-1,2-dihydroisoquinoline-3- carboxylate (2005) (5.2 g,
19 mmol) was slowly added over a 10 min period of time. The resulting mixture was allowed to warm to -30° C,
stirred for 30min and TLC showed’ the completion of the reaction. Then the mixture was cooled to -78° C, and water
S (50 mL) was slowly added. The mixture was allowed to warm to RT, filtered through silica gel (10 g), and the filtrate

was concentrated in vacuo. The crude product was poured into- H,0 (200 mL) and extracted with ethyl acetate (3 x 200
mL). The combined organic layer was washed with brine (50 mL), dried over Na,SO, and filtered. The filtrate was
concentrated in vacuo. The crude product was suspended in ethy] acetate (30 mL) and stirred for 10min. The solid was
collected by filtration and further dried in vacuo to afford the desired product, 3-(hydroxymethyl)-2-isopropyl-8-

10 methylisoquinolin-1(2H)-one (2006) (3.51 g, 80% yield) as a white solid.
[00463] To a solution of 3-(hydroxymethyl)-2-isopropyl-8-methylisoquinolin-1(2H)-one (2006) (1.61 g, 7.0 mmol) in
CH,Cl,, PPh; (3.67 g, 14.0 mmol) was added and the mixture was stirred at RT for 30 min. The mixture was cooled to
0°C, and CBr, (4.64 g, 14.0 mmol) was added in portions. The resulting mixture was stirred from 0°C to RT for 30
min, and then concentrated in vacuo. The crude product was purified by flash column chromatography on silica gel

15 (30-50% EA/PE) to afford the desired product, 3-(bromomethyl)-2-isopropyl-8-methylisoquinolin-1(2H)-one (2007)
(1.65 g, 80% yield) as a white solid.
[00464] A mixture of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (108A) (1.3 g, 5 mmol) and potassium tert -
butoxide (0.55 g, 5 mmol) in anhydrous DMF (20 mL) was stirred at RT for 30 min and then 3-(bromomethyl)-2-
isopropyl-8-methylisoquinolin-1{2H)-one (2007) (1.47 g, 5 mmol) was added. The resulting mixture was stirred at RT

20 for 30min, poured into ice-water (30 mL) and then extracted with ethyl acetate (3 x 50 mL). The combined organic
layer was washed with brine (25 mL), dried over Na,SO, and filtered. The filtrate was concentrated in vacuo, and the
residue was purified by flash column chromatography on silica gel (2-20% MeOH/DCM) to afford the desired
product, 3-((4-amino-3-iodo-1H-pyrazolo{3,4-d]pyrimidin-1-yl)methyl)-2-isopropyl-8-methylisoquinolin-1(2H)-one
(2008) (1.66 g, 70% yield) as a white solid.

25 [00465] To a stirred mixture of 3-((4-Amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-2-isopropyl-8-
methylisoquinolin-1(2H)-one (2008) (95 mg, 0.2 mmol) and 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol
(66 mg, 0.3 mmotl) in DMF-EtOH-H,0 (3:1:1, 20 mL), Pd(OAc), (16 mg, 0.075 mmol), PPh; (39.3 mg 0.15 mmol)
and Na,CO; (132 mg, 1.25 mmol) were added sequentially. The resulting mixture was degassed and back-filled with
argon three times and then stirred at 100 °C for 1 h. The mixture was allowed to cool to RT, filtered through silica gel

30 (10 g) and concentrated in vacuo. The residue was purified by flash column chromatography on silica gel (2-20%
MeOH/DCM) to afford the product, 3-((4-amino-3-(3-hydroxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-2-
isopropy!-8-methylisoquinolin-1(2H)-one (2009) (53 mg, 61% yield) as a slightly yellow solid.
[00466] Example 8: Synthesis of 7-((4-amino-3-(3-hydroxyphenyl)- 1H-pyrazolo{3,4-d]pyrimidin-1-yl)methyl)-4-
methyl-6-0-tolyl-1,6-naphthyridin-5(6H)-one (Compound 2115).

35 [00467] Scheme 21. Synthesis of 7-((4-amino-3-(3-hydroxyphenyl)-1H-pyrazolo[3,4-d}pyrimidin-1-yl)methyl)-4-
methyl-6-o-tolyl-1,6-naphthyridin-5(6H)-one (Compound 2115) is described.
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5 [00468] To a mixture of ethyl 2-cyanoacetate (2101)-(45.2 g, 400 mmol) émd acetone (46.4 g, 800 mmol) in glacial
acetic acid (50 mL), piperidine (2 mL, 20 mmol) was added and the resulting mixture stirred at reflux for 24 h. The
reaction mixture was allowed to cool to RT, and then concentrated in vacuo. The residue was diluted with water (200
mL) and extracted with ethy! acetate (3 x 200 mL). The combined organic layer was washed with brine (50 mL), dried
over N2,S0, and filtered. The filtrate was concentrated in vacuo and the residue was purified by flash column

10 chromatography on silica gel (0-2% EA / PE) to afford the desired product, ethyl 2-cyano-3-methylbut- 2-enoate
(2102) (49.6 g, 81% yield) as a white solid.
[00469] To a solution of ethyl 2-cyano-3-methylbut-2-enoate (2102) (43.6 g, 285 mol) in absolute EtOH (300 mL),
N,N-dimethylformamide dimethyl acetal (37.3 g, 313 mmol) was added dropwise and the resulting mixture was stirred
at reflux 6 h. The mixture was allowed to cool to RT, concentrated in vacuo to afford the crude desired product, ethyl
15 2-cyano-5-(dimethylamino)-3-methylpenta-2,4- dienoate (2103) (39.8 g, 67% yield) as a yellow solid.
[00470] Ethyl 2-cyano-5-(dimethylamino)-3-methylpenta-2,4-dienoate (2103) (30.8 g, 148 mmol) was dissolved in
AcOH (120 mL) and the mixture was stirred at 40 °C. A solution of 45% HBr-AcOH (120 mL) was added dropwise,
and then the mixture was stirred at 55 °C for 2 h. The mixture was allowed to cool to RT, poured onto ice, neutralized
with solid NQZCOg, and extracted with ethyl acetate (3 x 150 mL). The combined organic layer was washed with brine
20 (50 mL), dried over Na,SO, and filtered. The filtrate was concentrated in vacuo and the residue was purified by flash
column chromatography on silica gel (5-20% EA/PE) to afford the desired product, ethyl 2-bromo-4-methylnicotinate
(2104) (17.6 g, 49% yield) as a yellow oil.
[00471} To a solution of ethyl 2-bromo-4-methylnicotinate (2104) (12.8 g, 52 mmol) in 1,4-dioxane (15 mL), a
solution of NaOH (8.0 g, 200 mmol) in H,0 (15 mL) was added and the resulting mixture was stirred at reflux for 12
25 h. The mixture was allowed to cool to RT, diluted with H,O, washed with ethyl acetate (3 x 30 mL). The aqueous
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layer was acidified with concentrated hydrochloric acid to pH=1, and extracted with ethyl acetate (3 x 50 mL). The
combined organic layer was washed with brine (25 mL), dried over Na,SO, and filtered. The filtrate was concentrated
in vacuo to afford the desired product, 2-bromo-4-methylnicotinic acid (2105) (9.7 g, 85% yield) as a white solid.
{00472} To a solution of 2-bromo-4- methylnicotinic acid(2105) (13 g, 60 mmol) and DMF (3 drops) in CHCl, (150
5 mL), oxalyl chloride (11.4 g, 90 mmol} was added dropwise and the resulting mixture was stirred at RT for 2h. The

reaction mixture was concentrated in vacuo to afford the desired product, 2-bromo-4-methylnicotinoyl chioride (2106)
(13.4 g, 95% yield) as a yellow oil. The product obtained was used directly in the next step without further
purification. '
[00473] o-Toluidine (7.7 g, 72 mmol) and triethylamine (9.1 g, 90 mmol) were dissolved in CH2CI2 (100mL) and

‘ 10 stirred for 10 min at RT. 2-Bromo-4-methyinicotinoyl chloride (2106) (13.4 g, 57 mmol) was added, and the resulting

" mixture was stirred at RT for 1 h. The mixture was poured into water (200 mL) and extracted with CH,Cl; (3 x 50
mL). The combined organic layer was washed with brine (20 mL), dried over Na,SO, and filtered. The filtrate was
concentrated in vacuo to afford the crude product. The crude product was suspended in IPE (isopropyl ether) (50 mL).
The mixture was stirred at reflux for 30min and then was cooled to 0-5°C. The precipitate was collected by filtration

15 and further ciried in vacuo to afford the desired product, 2-bromo-4-methyl-N-o-tolylnicotinamide (2107) (13 g, 75%
yield) as a yellow solid. ‘

[00474] To a solution of 2—bromo-4-methy1-N-o- tolylnicotinamide (2107) (13 g, 43 mmol) and tributyl(vinyl)tin
(16.4 g, 52 mmol) in THF (200 mL) under 2 nitrogen atmosphere, Pd(OAc), (2.9 g, 13 mmol ) and PPh; (6.8g 26
mol) were added. The resulting mixture was stirred at reflux for 16 h. The mixture was then allowed to cool to RT,

20 filtered through silica gel (10 g), and concentrated in vacuo. The residue was ioourcd into water (200 mL), extracted
with ethyl acetate (3 x 50 mL). The combined organic layer was washed with brine (30 mL), dried over Na,SO, and
filtered. The filtrate was concentrated in vacuo and the residue was puriﬁed by flash column chromatography on silica
gel (20-50% EA/PE) to afford the desired product, 4-methyl-N-o-tolyl-2-vinylnicotinamide (2108) (8.7 g, 80% yield)
as a yellow solid.

25 [080475] To a stirred solution of 4-methyl-N-o-tolyl-2-vinylnicotinamide (2108 (8.1 g, 32 mmol) in DMF (50 mL) at
RT, NaH (60% in minera} oil, 2.6 g, 65 mmol) was added slowly and the resulting mixture was stirred at RT for 30
min. Ethyl chloroacetate (78 g, 640 mmol) was added dropwise to this mixture at RT, and stirred for 2 h. The solution
was poured into water (300 mL) and extracted with ethyl acetate (3 x 80 mL). The combined organic layer was washed
with brine (25 mL), dried over Na,SO, and filtered. The filtrate was concentrated in vacuo. The crude product was

30 suspended in MeOH (60 mL) and stirred at reflux for 10 min. The mixture was then cooled to 0 -5°C. The precipitate
was collected by filtration and further dried in vacuo to afford the desired product, ethyl 2-(4-methyl-N-o-tolyl-2-
vinylnicotinamido) acetate (2109) (6.3 g, 58% yicld) as a white solid.

[00476] To a solution of ethyl 2—(4-methyl'-N-o-tolyl-2- vinyinicotinarriido) acetate (2109) (6.1 g, 18 mmol) in 1, 4-
dioxane (90 mL) and H,0 (30 mL) at RT, Osmium tetroxide (5 mg) was added and the resulting mixture was stirred

35 for 30 min. Sodium periodate (7.7 g, 36 mmol) was added and the mixture was stirred at RT for 16 h. The mixture was
filtered through silica gel (5 g), and the filtrate was extracted with ethyl acetate (3 x 50 mL). The combined organic
layer was washed with brine (25 mL), dried over Na,SO, and ﬁltergd. The filtrate was concentrated in vacuo and the
residue was further dried under reduced pressure to afford the desired product, ethyl 2-(2-f0rmyl-4—rxiethy!-N-o-
tolylnicotinamido)acetate (2110) (4.4 g, 72% yield) as a yellow solid.

40 [00477] To = stirred solution of ethy] 2-(2-formyl-4-methyl-N-o-tolylnicotinamido)acetate (2110) (4.4 g, 13 mmol) in
EtOH (30mL) and ethyl acetate (10 mL) at RT, cesium carbonate (4.3 g, 13 mmol) was added. The resulting mixture
was degassed and back-filled with argon three times and then stirred at 50 °C for 5 h. The mixture was allowed to cool
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to RT, filtered through silica gel (5 g), and the filtrate was concentrated in vacuo. The residue was poured into H,O
$200 mL), extracted with ethyl acetate (3 x 50 mL). The combined organic layer was dried over Na,SO, and filtered.
The filtrate was concentrated in vacuo. The crude product was suspended in IPE (30 mL), stirred at reflux for 10min,
and then cooled to 0 -5 °C. The precipitate was collected by filtration and further dried in vacuo to afford the desired
5 product, ethyl 4-methyl-5-oxo-6-o-tolyl- 5,6-dihydro-1,6-naphthyridine-7-carboxylate (2111) (3.0 g, 72% yield) as a
white solid.
[00478] To a stirred solution of lithium aluminum hydride (0.86 g, 23 mol) in anhydrous THF (100 mL) at -78 °C
under a nitrogen atmosphere, a solution of ethyl 4-methyl-5-oxo0-6-0-tolyl-5,6-dihydro- 1,6- naphthyridine-7-
carboxylate (2111) (2.9 g, 9.0 mmol) in anhydrous THF (20 mL) was added dropwise. The resulting mixture was
10 allowed to warm to -10°C, stirred for 30min and TLC showed the completion of the reaction. Then the mixture was
cooled to -78°C, and water (50 mL) was slowly added. The mixture was allowed to warm to RT, filtered through silica
gel (5 g), and the filtrate was concentrated in vacuo. The crude product was poured into H,O (100 mL) and extracted
with ethyl acetate (3 x 50 mL). The combined organic layer was washed with brine (25 mL), dried over Na,SO; and
filtered. The filtrate was concentrated in vacuo. The crude product was suspended in ethy! acetate (10, mL) and stirred
15 for 10min. The solid was collected by filtration and further dried in vacuo to afford the desired product, 7-
(hydroxymethyl)-4-methyl-6-o-tolyl- 1,6-naphthyridin-5(6H)-one (2112) (2.1 g, 83% yield) as a white solid.
[00479} To a solution of 7-(hydroxymethyl)-4-methyl-6-o-tolyl- 1,6-naphthyridin-5(6H)-one (2112} (1.96 g, 7.0
mmol) in CH,Cl,, PPh; (3.67 g, 14.0 mmol) was added and stirred at RT for 30 min. CBr, (4.64 g, 14.0 nimol) was
- added to the mixture in portions at 0 °C. The resulting mixture was allowed to warm to RT, stirred for 30 min, and
20 concentrated in vacuo. The residue was purified by flash column chromatography on silica gel (30-50% EA/PE) to
afford the desired product, 7-(bromomethyl)-4-methyl-6-o-tolyl-1,6-naphthyridin-5(6H)-one (2113) (1.92 g, 80%
yield) as a white solid.
[60480] A mixture of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (108A)) (1.08 g, 4.14 mmol) and potassium tert -
butoxide (0.44 g, 4.0 mmol) in anhydrous DMF (50 mL) was stirred at RT for 30 min and then 7-(bromomethyl)-4-
25 methyl-6-0-tolyl-1,6-naphthyridin-5(6H)-one (2113) (1.37 g, 4.0 mmol) was added. The resuiting mixture was stirred
at RT for 30 min, poured into ice water (300 mL) and then extracted with ethyl acetate (3 x 100 mL). The combined
organic layer was washed with brine (30 mL), dried over Na,80, and filtered. The filtrate was concentrated in vacuo
and the residue was purified by flash column chromatography on silica gel (0-2% MeOH/DCM) to afford the desired
product, 7-((4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-4-methyl-6-o-tolyl-1,6- naphth'yridin-S(GH)-
30 one (2114) (1.07 g, 50% yield) as a white solid.
[00481] To a stirred mixture of 7-((4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-yt)methyl)-4- methyl-6-o-tolyl-
1,6-naphthyridin-5(6H)-one (2114) (1.05 g, 2.0 mmol) and 3-hydroxyphenylboronic acid (0.33 g, 2.4 mmol) in DMF-
EtOH-H,0 (3:1:1, 50 mL), Pd(OAc), (0.14 g, 0.60 mmol), PPh; (0.31 g, 1.2 mmol) and Na,CO; (1.06 g, 10.0 mmol)
were added sequentially. The resulting mixture was degassed and back-filled with argon three times and then stirred at
35 80 °C for 1 h. The mixture was allowed to cool to RT, filtered through silica gel (5 g) and concentrated in vacuo. The
residue was purified by flash column chromatography on silica gel (2-5% MeOH/DCM) to afford the desired product,
7-((4-amino-3-(3-hydroxyphenyl)- 1H-pyrazolo[3,4-d}pyrimidin-1-yl)methy!)-4- methyl-6-o-tolyl- 1,6-naphthyridin-
5(6H)-one (2115) (0.68 g, 69% yield) as a slight yellow solid. Then the product was dissolved in EtOH (5 mL), and
stirred at reflux for 30 min. The solution was allowed to cool to RT and the solid was collected by filtration. The solid
40 was then suspended in ethy! acetate (5 mL), and stirred at RT for 16 h. The precipitate was collected by filtration and
further dried in vacuo to afford the desired product, 7-((4-amino-3-(3-hydroxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yh)methyl)-4- methyl-6-o-tolyl- 1,6-naphthyridin-5(6H)-one (2115) (0.59 g, 60% yield) as a white solid.
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[00482] Example 9: 3-((4-amino-3-(3-fluoro-5-hydroxyphenyl)- 1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-8-methyi-
2-o-tolyl-3,4-dihydroisoquinolin-1(2H)-one (Compound 2208).
Scheme 22. 3-((4-amino-3-(3-fluoro-5-hydroxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl})-8-methyl-2-o-
tolyl-3,4-dihydroisoquinolin-1(2H)-one (Compound 2208) is described.
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, [00483] 2-Iodo—6-methyl-N-o-tolylbénzanﬁde (2201)(1.5 g, 4.27 mmol), which has been prepared from the reaction
of compound 902 and 2-methy] aniline, and allyltributy! tin (2.10 g, 1.5 mmol) were dissclved in anhydrous DMF (12
10 mL). The solution was degassed and back-filled with argon (three times). PA(PPh,), (148 mg, 0.13 mmol) was added.
The reaction mixture was degassed and back-filled with argon (three times), and then stirred at 90°C for 16 h. The
mixture was allowed to cool to RT, partitioned between ethyl acetate and H,O. The organic layer was washed with
brine, dried over Na,SO, and filtered. The filtrate was concentrated in vacuo and the residue was purified by column
chromatography on silica gel eluting with EtOAc and Hexanes to afford the desired product, 2-allyl-6-methyl-N-o0-
15 tolylbenzamide (2202) (1.1 g, 95% yield). .
[00484] 2-Allyl-6-methyl-N-o-tolylbenzamide (2202) (800 mg, 3.01 mmol) was dissolved in anhydrous
dichloromethane (20 mL). mCPBA (70%, 1.11 g, 4.52 mmol) was added and the resulting mixture was stirred at RT
for 24 h. Na,SO; (1.0 g) was added and stirred for 1 h. The mixture was partitioned between EtOAc and water. The
organic layer was washed with brine, dried over Na;SO, and filtered. The filtrate was concentrated in vacuo, and the
20 residue was purified by column chromatography on silica gel eluting with EtOAc and Hexanes to afford the desired
product, 2-methyl-6-(oxiran-2-ylmethyl)-N-o-tolylbenzamide (2203)(660 mg, 83% yield).
[00485] 2-Methyl-6-(oxiran-2-ylmethyl)-N-o-tolylbenzamide (2203) (860 mg,‘3.()6 mumol) was dissolved in
anhydrous DMF (15 mL) and cooled to 0 °C under an argon atmosphere. NaH (60% in mineral oil, 245 mg, 6.12
mmol) was added in portions and the resulting mixture was stirred at 0 °C for 3 h. H,O (30 mL) was slowly added and
25 the mixture was extracted with EtOAc (3 x 25 mL). The combined organic layers were washed with brine, dried over

Na, SO, and filtered. The filtrate was concentrated in vacuo, and the residue was purified by column chromatography
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on silica gel eluting with EtOAc and Hexanes to afford the desired product, 3-(hydroxymethyl)-8-methyl-2-o-tolyl-
3,4-dihydroisoquinolin-1(2H)-one (2204) (435 mg, 51% yield).
[00486] 3-(Hydroxymethyl)-8-methyl-2-o-tolyl-3,4-dihydroisoquinolin-1(2H)-one (2204) (430 mg, 1.53 mmol) was
dissolved in anhydrous dichloromethane (25 mL) and cooled to 0°C under an argon atmosphere. PPh; (600 mg, 2.29
5 mmol) and CBr, (761 mg, 2.29 mmol) were added sequentially and the resulting mixture was stirred from 0°C to RT
for 16 h. The reaction mixture was partitioned between EtOAc and water. The organic layer was washed with brine,
dried over Na,SO, and filtered. 'I'hé filtrate was concentrated in vacuo, and the residue was purified by column
chromatography on silica gel eluting with EtOAc and Hexanes to afford the desired product, 3-(bromomethyl})-8-
methyl-2-0-tolyl-3,4-dihydroisoquinolin- 1(2H)-one(2205) (480 mg, 91% yield).

10 [00487] 3-(Bromomethyl)-8-methyl-2-o-tolyl-3,4-dihydroisoquinolin-1(2H)-one (2205) (387 mg, 1.12 mmol) and 3-
iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (108A)(440 mg, 1.69 mmol) were dissolved in anhydrous DMF (20 mL).
K,CO; (309 mg, 2.24 mmol) was added and the resulting mixture was stirred at 50°C for 3h. The reaction mixture was
partitioned between EtOAc and water. The organic layer was washed with brine, dried over Na;SO, and filtered. The
filtrate was concentrated in vacuo, and the residue was purified by column chromatography on silica gel eluting with

15 methanol! and dichloromethane to afford the desired product, 3-((4-amino-3-iodo-1H-pyrazolo[3 ,4-d]p§n'midin—1-
yl)methyl)-S-mcthyl-Z'o-tolyI‘3,4-dihydroisoquinolin-1(2H)-one (2206) (100 mg, 17% yield).

[00488] 3-((4-Amino—3-iodo-1H—pyrazo]o{3,4—d}pyrimidin-1~yl)methyl)-8-methyl-2-0-tolyl-3,Ldihydroisoquinolim
1(2H)-one (2206) (100 mg, 0.11 mmol) and 3-fluoro-5-hydroxyphenylboronic acid (2207) (36 mg, 0.23 mmol) were
dissolved in DME (4 mL). The solution was degassed and back-filled with argon (three times). Pd(PPh;)s (6.4 ing, 5.5

20 pmol) and aqueous Na,COjs solution (1.0 M, 0.44 mL, 0.44 mmol) were added sequentially. The reaction mixture was
degassed and back-filled with argon (three times), and then stirred at 80 °C for 24h. The mixture was allowed to cool
to RT, partitioned between ethyl acetate and brine. The organic layer was dried over Na,SOq, filtered and concentrated
in vacuo. The residue was purified by column chromatography on silica gel eluting with methanol and
dichloromethane to afford the desired product, 3-({4-amino-3-(3-fluoro-5-hydroxyphenyl)-1H-pyrazolo[3,4-

25 d]pyrimidin-l-yl)methyl)-8-methyl-2-o-tolyl-3,4-dihydroisoquinolin— 1(2H)-one (2208) (12 mg, 22% yield).

[00489] Example 10: Synthesis of 6-((4-amino-3-(3-fluoro-5-hydroxyphenyl)-1H-pyrazolo[3,4-d}pyrimidin-1-
ylmethy1)-3-methyl-5-o-tolylisothiazolo[5,4-d]pyrimidin-4(5H)-one (Compound 2313).
Scheme 23. Synthesis of 6-((4-amino-3-(3-fluoro-5-hydroxyphenyl)- 1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-3-
methyl-5-o-tolylisothiazolo[5,4-d]pyrimidin-4(5H)-one (Compound 2313} is described.
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[00490] A solution of compound 2302 (24.9 g, 0.19 mol) in CH;CN (50 mL) was added to a solution of compound
2301 (30 g, 0.19 mo!) in at 0 °C. The mixture was stirred for 1 hour at room temperature and poured into 500 mL of
water. The reaction mixture was allowed to stand for 1 h. The solid was precipitated out of the solution, collected by
filtration, washed with water and dried to afford the desired compound 2303 as a red-orange solid (50 g, 85.5%). .
{00491] To a solution of compound 2303 (54 g, 0.175 mol) in ethyl acetate (200 mL), 2 solution of Br, (56 g, 0.35
mol) in ethyl acetate (50 mL) was added dropwise at room temperature. The resulting mixture was stirred for 3 h at
room temperature. The solid was collected by filtration, washed with ethyl acetate to afford the desired prociuct,
compound 2304 (40 g, 74.6%).

[00492) A mixture of compound 2304 (40 g, 0.13 mol) and saturated Na,CO; solutlon (10 mL) in DMF (100 mL) was
heated for 5 h at 80 °C. The reaction mixture was cooled to room temperature and 1 L of water was added. The solid
was collected by filtration and dried to afford the desired product, compound 2305 (16 g, 66%).

[00493] A mixture of compound 2385 (16 g, 0.086 mol), NaOH (6.88 g, 0.172 mol) in water (50 mL) was heated for 4
h at reflux. The reacti.on mixture was cooled to room temperature and acidified with 1IN HCI solution until PH =3 —4.
The solid was collected by filtration and dried to afford the desired product, compound 2306 (12 g, 88%).

A mixture of compound 2306 (1 g, 0.0063 mol) in SOCIl; (15 mL) was stirred for 5 h at reflux, the reaction mixture
was cooled to room temperat.ure and concentrated to remove excess SOCl,. Anhydrous toluene (30 mL) was added to
the residue and concentrated. This process was repeated twice to remove the residue of SOCl..

[00494] The crude compound 2307 was dissolved in dry toluene (5 mL). 2-Methyl- aniline (2 g, 0.0187 mol) was
added to the above solution. The resulting mixture was heated for 1h at reflux, cooled to room temperature and
filtered. The filtrate was concentrated to dryness and partitioned between ethyl acetate and brine. The aqueous phase
was extracted with ethyl acetate. The combined organic phases were washed with brine, dried with MgSO, and
filtered. The residue was purified by flash chromatography eluting with petroether ethyl acetate from 50:1 to 5:1 to
afford the desired product, compound 2308 (600 mg, 38.55%).

[00495] A solution of compound 2308 (600 mg, 2.43 mmol) and pyridine (0.78 mL) in DCM (30 mL) was stirred for
10 min at 0°C. Chloroacetyl chloride (423 mg, 3.74 mmol) was added. The reaction mixture was stirred for 2 h and
quenched with water. The organic phase was separated and washed with water, brine, dried, filtered and concentrated

to afford the desired product, compound 2309 (700 mg, 89%).
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[00496) A mixture of compound 2309 (600 mg, 1.85 mmol) and POCl; (10 mL) was heated overnight at 120 - 130°C
(oil bath) in a sealed tube. The reaction mixture was cooled to room temperature and concentrated. The residue was
partitioned between ethyl acetate and water, and then basified with saturated Na,CO; solution until PH 7 - 8. The
organic layer was separated, washed with brine, dried over MgSO, and concentrated. The residue was purified by flash
chromatography eluting with petroether in ethyl acetate (PE/EA=20/1) to afford the desired product, compound 2310
as a yellow powder (300 mg, 53.0%).

[00497] tert-BuOK (28.7 mg, 0.256 mmol) was added to a solutxon of compound 2311 (76 mg, 0.295 mmol) in dry
DMF (3 mL) at RT. The reaction mixture was stirred for 30 min., and a solution of compound 2310 (60 mg, 0.196
mmol) in DMF (2 mL) was added dropwise. The resulting mixture was stirred for 2 h and concentrated. The residue
was purified by flash chromatography eluting with (DCM/MeOH=50/1) to afford the desired product 2312 as off-
white solid (65 mg, 62.7%).

[00498] To a solution of compound 2312 (40 mg, 0.076 mmol) in dry DCM (10 mL}), BBr3(190.4 mg, 0.76 mmol)
was added dropwise at -78°C, then the reaction mixture was allowed to warmi to room temperature and stirred for
overnight. The reaction mixture was poured into ice-water, basified with sa:turated NaHCO; solution until PH 8 - 9 and
extracted with DCM. The combined organic phases were dried over MgS(54, filtered and concentrated. The 'residue
was puriﬁed by flash chromatography eluting with DCM / MeOH = 30/ 1 to afford the desired product, compound
2313 (15 mg, 38.5%).

[00499] Example 11: Synthesis of 2- ((4-ammo—3—(3-hydroxyphenyl)-1H-pyrazolo[3 4-d]pyrimidin-1-yl)methyl)-5-
methyl-3-o-tolylthieno[2,3-d]pyrimidin-4(3H)-one (Compound 2407).

[00500] Scheme 24. Synthesis of 2-({(4-amino-3-(3-hydroxyphenyl)-1H-pyrazolo[3, 4-d]pynm1dm- -ylymethyl)-5-
methyl-3-o-tolylthieno[2,3-dJpyrimidin-4(3H)-one (Compound 2407) is described.
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[00501] To a stirred solution of 2-amino-4-methylthiophene-3-carboxylic acid (2401) (2.4 g, 15.2 mmol) in THF (50
mL), a solution of triphosgene (9.0 g, 30 mmol, 2 eq.) in THF (10 mL) was added slowly dropwise at 0°C in 20 min.
The resulting mixture was stirred at 0 °C for 2 h. The reaction mixture was quenched with water (20 mL) at 0 °C, and
then concentrated in vacuo to remove the organic solvent. A brown solid was precipitated out of solution. The solid
was collected by filtration, washed with water (S mL x 2) and dried in vacuo to afford the desired product 5-methyl-
1H-thieno[2,3-d][1,3]oxazine-2,4-dione (2402) (2.5 g, 89.3% yield) as a brown solid.

[00502] To a stirred solution of o-toluidine, (1.4 g, 12.8 mmol, 1.2 eq) in dry THF (20 mL), n-BuLi (2.5N,7.7mL,
19.3 mmol, 1.8 eq.) was added slowly dropwise at -40 °C under argon atmosphere in 30 min. The resulting mixture
was stirred at -40 °C for another 30 min. A solution of 5-methyl- 1H-thierio[2,3-d][1,3]oxazine-2,4-dione (2402) (1.95

g, 10.7 mmol, leq) in dry THF (50 mL) was added slowly dropwise at -40 °C in 20 min. The reaction mixture was

stirred at -40 °C for 1h and then allowed to warm to room temperature for overnight. The reaction mixture was
quenched with water (20 mL) at 0°C, and then neutralized with concenirateg! HCI solution until pH 8-9. The mixture
was concentrated in vacuo to remove the organic solvent. The residue was extracted with ethyi acetate (25 mL x 3).
The combined organic phases were washed with brine (10 mL), dried over MgSO, and concentrated in vacuo. The
resulting residue was purified by a silica gel column chromatography using 5% to 20% ethyl acetate in petroether as an
eluent to afford the desired product 2-amino-4-methyl-N-o-tolylthiophene-3-carboxamide (2403) (0.74 g, 28.1% yield)
as a yellow solid. -
[00503] To a stirred solution of 2-amino-4-methyl-N-o-tolylthiophene-3-carboxamide (2403) (740 mg, 3 minol) and
pyridine (406.8 mg, 3.6 mmol, 1.2 eq) in dry DCM (20 mL), 2-chloroacetyl chloride (284.8 mg, 3.6 mmol, 1.2 eq.)
was added slowly dropwise at 0 °C in 30 min. The resulting mixture was stirred at 0 °C for 2 h. The reaction mixture
was quenched with water (20 mL) at 0 °C and extracted with DCM. The combined organic phases were washed with
IN of HCI solution (10 mL), brine (10 mL) , dried over MgSO4 and concentrated in vacuo to afford the desired
product 2-(2-chloroacetamido)-4-methyl -N-o-tolylthiophene-3-carboxamide (2404) (950 mg, 98.1% yield) asa
yellow solid.
[00504] A mixture of 2-(2-chloroacetamido)-4-methyl-N-o-tolylthiophene-3-carboxamide (2404) (1.07 g, 3.32 mmol)
and POCI, (25 mL) was stirred overnight in a sealed tube at 120 °C. The reaction mixture was concentrated in vacuo to
remove excess POCL;. The residue was partitioned between DCM (30 mL) and saturated NaHCO; solution (10 mL).
The organic layer was separated and washed with sat. NaHCO; (10 mL), brine (10 mL), dried over MgSO, and
concentrated in vacuo, The resulting residue was purified by a silica gel column chromatography to afford the desired
product 2-(chloromethyl)-5-methyl-3-o-tolylthieno[2,3-d]pyrimidin-4(3H)-one (2405) (760 mg, 75.2% yield) as a
yellow solid.
[00505] A solution of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (108A) (314.3 mg, 1.2 mmol, 1.5eq) and t-BuOK
(155 mg, 1.38 mmol, 1.2 eq) in DMF (10 mL) was stirred at room temperature for 15 min., a solution of 2-
(chloromethyl)-5-methyl-3-o-tolylthieno[2,3-d] pyrimidin-4(3H)-one (2405) (350 mg, 1.15 mmol, 1 eq.) in DMF (5
mL) was added dropwise at room temperature. The resulting mixture was stirred at room temperature for 2 h. The
reaction mixture was concentrated in vacuo to remove the organic solvent. The resulting residue was purified by a
silica gel column chromatography to afford the desired product 2-((4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-
yDmethyl)-5- methyl-3-o-tolylthieno[2,3-d]pyrimidin-4(3H)-one (2406) (250 mg, 41.1% yield) as a yellow solid.
[00506] 2-({4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-5-methyl-3-o- tolylthieno[2,3-d]pyrimidin-
4(3H)-one (2406) (50 mg, 0.092 mmol), PPh; (14.5 mg, 0.056 mmol, 0.6 eq) and 3-fluoro-5-hydroxyphenylboronic
acid (2207) (17.2 mg, 0.11 mmol,1.2 eq) were dissolved in a solution of DMF, ethanol and water (5 mL /2mL/
2mL). To this mixture Pd(OAc), (4.14 mg, 0.018 mmol, 0.2 eq) and sodium carbonate (48.7 mg, 0.46 mmol, 5 eq)
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were added sequentially. The resulting mixture was degassed and back-filled with argon three times and then heated to

80°C for 0.5h with stirring. The reaction mixture was concentrated in vacuo to remove the organic solvent. The

resulting residue was purified by a silica gel column chromatography to afford the desired product 2-((4-amino-3-(3-

fluoro-5-hydroxyphenyl)- 1 H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-5-methyl-3-o-tolylthieno[2,3-d]pyrimidin-4(3H)-
5 one (2407)(22.8mg, 48.2% yield) as a yellow solid. '

{00507] Example 12: Synthesis of 8-methyl-3-((methyl(SH-purin-6-yl)amino)methyl)-2-o-tolylisoquinolin-1(2H)-

one.

[00508] Scheme 25: The synthesis of 8-methyl-3-((methyl{(9H-purin-6-yl)amino)methyl}-2-o-tolylisoquinolin-1(2H)-

one (Compound 4004) is described.

00
N

é&:’@ CHsNH; &:ﬁ@ 4toz Cj d:i\w_

1 Mo o

g @

10 1607 4001 4003
.
HCI/MeOH N
e
e mrcomreeelfip /
N.._.
N7 NN
i N‘)
N" Ol
4004

[00509] 3-(Bromomethyl)-8-methyl-2-o-tolylisoquinolin-1(2H)-one (342 mg, 1.0 mmol) (1607) was dissolved in
methylamine solution (100 mL) and stirred for 2 h. The mixture was poured into ice-water (200 mL) and extracted
with ethyl acetate (3 x 50 mL). The combined organic layer was washed with brine (20 mL), dried over Na,SO, and
15 filtered. The filtrate was concentrated in vacuo to afford the desired product, 8-methyl-3-((methylamino)methyl)-2-o-
tolylisoquinolin-1(2H)-one (4001) (250 mg, 86% yield) as a yellow solid. The product obtained was used directly in
the next step without purification.
[00510] 8-Methyl-3-((methylamino)methyl)-2-o-tolylisoquinolin-1(2H)-one (233 mg, 0.8 mmol) (4001) and 6-chloro-
9-(tetrahydro-2H-pyran-2-yl)-9H-purine (4002) (238 mg, 1.0 mmol) were dissolved in EtOH (50 mL) and the resulting
20 mixture was stirred at reflux for 2 h. The mixture was allowed to cool to RT, and concentrated in vacuo. The residue
was purified by flash column chromatography on silica gel (2-20% MeOH/DCM) to afford the product, 8-Methyl-3-
((methyl(9-(tetrahydro-2H-pyran-2-yl)-9H-purin-6-ylamino)methyl)-2-o-tolylisoquinolin-1(2H)-one (4003) (200 mg,
51% yield) as a slight yellow solid.
[00511] 8-Methy1-3-((met.hyl(9~(tetrahydro-2H-pymn—2—yl)—9H-purin-6-yl)amino)methyl)-2—o-tolylisoquinolin- 1(2H)-
25 one (4003) (180 mg 0.36mmol ) was dissolved in MeOH (HCI) (50 mL) and the mixture was stirred at RT for 2 h.
Aqueous NaHCO; solution was added to the reaction mixture and the pH was adjusted to 9. The mixture was filtered
and the filtrate was concentrated in vacuo to afford the desired product, 8-methyl-3-((methyl(9H-purin-6-
yl)amino)methyl)-2-o-tolylisoquinolin-1(2H)-one (4004) (80 mg, 54% yield) as a yellow solid.
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[00512] Example 13: Synthesis of 3-(1-(9H-purin-6-ylamino)ethyl)-8-methyl-2-o-tolylisoquinolin-1{2H)-one
{00513] Scheme 26: The synthesis of 3-(1-(9H-purin-6-ylamino)ethyl)-8-methyl-2-o-tolylisoquinolin-1(2H)-one
(Compound 4106) is described.
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[00514] To a stirred solution of 3-(hydroxymethyl)-8-methyl-2-o-tolylisoquinolin-1(2H)-one 1606 (2.79 g, 10 mmol)
in CH,Cl, (200 mL), MnO; (5 g) was added and the resulting mixture was stirred at reflux for 3 h. The mixture was

allowed to cool to RT, and concentrated in vacuo. The residue was purified by flash column chromatography on silica
gel (10-50% EA/PE) to afford the product, S-mcthyl-l-oxo-2-o-tolyl-1,Z—dihydroisoquinoline-3-carbaidehyde 4101
10 (2.5 g, 90% yield) as a white solid. o
[00515] 8-Methyl-1-oxo-2-0-tolyl-1,2-dihydroisoquinoline-3-carbaldehyde 4101 (2.4 g, 8.6 mmol) was dissolved in
anhydrous THF (280 mL) and cooled to -78°C under a nitrogen atmosphere. Methyl MgBr (2 M, 5 mL, 10 mmol) was
added slowly, and the resulting mixture was stirred at -78 °C for 2h. H,O (5 mL) was added and then the solution was
poured into ice-water (200 mL) and extracted with ethyl acetate (3 x 50 mL). The combined organic layer was washed
15 with brine, dried over Na,SO, and filtered. The filtrate was concentrated in vacuo, and the residue product was
purified by flash column chromatography on silica gel (10-50% EA/PE) to afford the product, 3-(1-hydroxyethy!)-8-
methyl-2-o-tolylisoquinolin-1(2H)-one 4102 (1.8 g, 71% yield) as a white solid. .
[00516] To a solution of 3-(1-hydroxyethyl)-8-methyl-2-o-tolylisoquinolin-1(2H)-one 4102 (1.6 g, 5.5 mmol) in
CH,Cl,, PPh; (2.88g, 11.0 mmol) was added and the resulting mixture was stirred at RT for 30 min. Then CBr, (3.64
20 g, 11.0 mmol) was added in portions to the mixture at 0 °C. The resulting mixture was allowed to warm to RT, stirred
for 30 min, and concentrated in vacuo. The crude product was purified by flash column chromatography on silica gel
(30-50% EA/PE) to afford the desired product, 3-(1-bromoethyl)-8-methyl-2-o-tolylisoquinolin-1(2H)-one 4103 (1.8
g, 91% yield) as a white solid.
[60517] To a stirred solution of 9-(tetrahydro-2H-pyran-2-yl)-9H-purin-6-amine 4103 (436 mg 2mmol) in anhydrous
25 DMF (10 mL), NaH (60% in mineral oil, 77 mg, 2 mmol) was added and the mixture was stirred for 30 min. 3-(1-
Bromoethy!)-8-methyl-2-o-tolylisoquinolin-1{2H)-one 4104 (700 mg, 2 mmol) was added. The mixture was stirred for
2h, poured into ice-water (200 mL) and extracted with ethyl acetate (3 x 50 mL). The combined organic layer was
washed with brine (20 mL), dried over Na,SO, and filtered. The filtrate was concentrated in vacuo and the residue was
purified by flash column chromatography on silica gel (10-50% MeOH/DCM) to afford the product, 8-methyl-3-(1-(9-
30 (tetrahydro-2H-pyran-2-yl)-9H-purin-6-ylamino)ethyl)-2-o-tolylisoquinolin-1(2H)-one 4105 (500 mg, 51% yield) asa
white solid.
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[00518] 8-Methyl-3-(1-(9-(tetrahydro-2H-pyran-2-yl)-9H-purin-6-ylamino)ethyl)-2-o-tolylisoquinolin-1(2H)-one
4105 (180 mg, 0.36mmol ) was dissolved in MeOH (HCI) (50 mL) and stirred for 2 h. Aqueous NaHCO; solution was
added to the reaction mixture and the pH value was adjusted to 9. The mixture was then filtered and the filtrate was
concentrated in vacuo to afford the desired product, 3-(1-(9H-purin-6-ylamino)ethyl)-8-methyl-2-o-tolylisoquinolin-
1(2H)-one 4106 (80 mg, 54% yield) as a yellow solid.

[00519] Example 14: Synthesis of 3-(4-amino-1~((§-methyl-1-oxo-2-0-tolyl-1,2-dihydroisoquinolin-3-yl)methyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)-5-fluorophenyl dihydrogen phosphate.

[00520] Scheme 27. The synthesis of 3-(4-amino-1-((8-methyl- 1-0x0-2-o-tolyl-1,2-dihydroisoquinolin-3-yl)methyl)-
1H-pyrazolo[3,4-d]pyrimidin-3-yl)-5-fluoropheny! dihydrogen phosphate (Compound 4903)is described.
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{00521] 3-((4-Amino-3-(3-ﬂuoro-S-hydroxyphenyl}IH-pyrazolo[B,tt-d}pyriﬁzidin—1-y1)methyl)-8—methyl-2;o-
tolylisoquinolin-1(2H)-one 4301 (250 mg, 0.5 mmol) was dissolved in anhydrous THF (15 mL) in a round bottom
flask in dark (covered by aluminum foil) and cooled to 0°C under an argon atmosphere. CBr, (498 mg, 1.5 mmol) was
added followed by diethylphosphite (129 uL, 1.0 mmol) and triethylamine (417 pL, 1.5 mmol). The resulting mixture
was stirred in dark from 0°C to RT for 16 h. The mixture was then partitioned between ethyl acetate and brine. The
organic layer was dried over Na,SOs, filtered and concentrated in vacuo. The residue was purified by column
chromatography on silica gel eluting with methanol and dichloromethane to afford the desired product, 3-(4-amino-1-
((S-methyl-l-oxo~2-o—tolyl-1,2-dihydroisoquinolin-3-yl)methyl)-lH-pyrazoioB ,4-d]pyrimidin-3-yl)-5-fluorophenyl
diethyl phosphate 4302 ( 200 mg, 62% yield) as an off-white solid.

[60522] 3-(4-Amino-1-((8-methyl-1-ox0-2-0-tolyl-1,2-dihydroisoquinolin-3-yl)methyl)- 1H-pyrazolo[3,4-d]pyrimidin-
3-yl)-5-fluoropheny! diethyl phosphate 4302 (170 mg, 0.26 mmol) was dissolved in anhydrous CH;CN (5 mL) and
cooled to 0°C under an argon atmosphere. TMSBr (0.34 mL, 2.64 mmol) was slowly added via a syringe and the
resulting mixture was stirred from 0°C to RT for 16 h. LC-MS showed small amount of starting material left,
additional amount of TMSBr (0.1 mL) was added and stirred at RT for 5 h. LC-MS showed the complete conversion.
The mixture was concentrated in vacuo, and the residue was dissolved in Et;0 (10 mL) and H,0 (0.5 mL) and stirred
for 30 min. The mixture was concentrated in vacuo to affords the desired product, 3-(4-amino-1-((8-methyl-1-0x0-2-0-
tolyl-1,2-dihydroisoquinolin-3-yl)methy!)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-5-fluorophenyl dihydrogen phosphate
4903 (140 mg, 91% yield).

[00523] Example 15: ICS0 Values for Selected Compounds

Table 4. In Vitro 1Cs data for selected compounds.

.isa /t*1 N 11) H2N.

IC50(nM) + (greater than 10 ++ (less than 10 +++ (less than 1 ++++ (less than 100
microMolar) microMolar) microMolar nM)
PI3K & Compound No. Compound No. Compound No. Compound No.
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1,5,22,27,38, 39,

40, 41, 46, 92, 117, .

118, 120, 129, 132,
164, 165,172, 188,
190, 197, 198, 205,
208, 210, 212, 214,
217, 218, 220, 222,
237, 263, 285, 294,
208

4, 14,15, 17,18, 21,
26,29, 31, 32, 34,
35,36, 42, 43, 44,
45,47, 49, 57, 69,
71, 85, 87, 94, 106,
107, 140, 143, 175,
179, 183, 184, 191,
193, 196, 199, 200,
201, 202, 206, 207,
211, 213, 215, 219,
224,225, 228, 229,
230, 232, 233, 239,
241, 243, 245, 253,
254, 255, 260, 262,
270, 293, 299

2,3,6,7,8,9, 10,
11,12, 13,16, 19,
20, 23, 24, 25, 28,
30, 33, 37, 48, 50,
51, 52, 53, 54, 55,
56, 58, 59, 60, 61,
62, 63, 64, 65, 66,
67, 68,70, 72, 73,
74,75, 76,77, 78,
79, 80, 81, 82, 83,
84, 86, 88, 89, 90,
91, 93, 95, 96, 97,
98, 99, 100, 101,
102, 103, 104, 105,
108, 109, 110, 111,
112, 113, 114, 115,
119, 123, 124, 125,
126, 128, 134, 135,
136, 137, 138, 139,
141, 142, 144, 145,
146, 147, 148, 149,
150, 151. 152, 153,
154, 155, 156, 157,
158, 159, 160, 161,
162, 166, 167, 168,
169, 170, 171, 173,
174,176, 177, 178,
180, 189, 192, 194,
195, 203, 204, 209,
216, 221, 223, 226,

1 227,231, 234, 235,

236, 238, 240, 242,
244,246,247, 248,
249, 250, 251, 252,
256,257,258, 259,
261,264, 265, 266,
267,268, 269, 271,
272,273,274, 275,
276,277,278, 279,
280, 281, 282, 283,
284,286, 287, 288,
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6,8,9,10,11, 12, 13,
14, 15, 16, 17, 18,
19, 20, 21, 22, 23,
24, 25, 26, 21, 28,
29, 30, 31, 32, 33,
34, 35, 36, 37, 39,
40, 41,42, 43, 44,
45, 46, 47, 48, 49,
50, 51, 52, 54, 55,
56, 57, 58, 59, 60,
61, 62, 64, 63, 67,
68, 69,70, 71, 72,
73, 74,79, 80, 81,

3,7, 63, 66, 84, 86,
89, 90, 97, 108, 113,
115, 152, 168, 171,
173, 189, 194, 296

53, 95,101, 102,
145, 147, 149, 151,
177

289, 290, 291, 292,
295, 296, 297, 300,
301, 302, 303, 304
PI3K y Compound No. Compound No. Compound No. Compound No.
1,4,5, 18, 38,43, 17, 34, 35, 37, 38, 2,8,9 10, 11, 14, 3,6,7, 12,13, 16,
60, 69, 169, 172, 40, 42, 57, 61, 65, 15, 20, 22,27, 28, 19, 21, 23, 24, 25,
196, 197, 198, 200, | 91, 92,94, 105, 107, | 39, 41, 46, 47, 49, 26, 29, 30, 31, 33,
201, 202, 204, 206, | 140, 164, 170, 175, | 51, 55, 58, 66, 70, 36, 44, 45, 48, 50,
207, 208, 209, 210, | 179, 184,188,190, | 71,73, 76,78, 80, 52, 53, 54, 56, 59,
211, 212,213,214, | 191, 193,199,203, 93, 98, 99, 100, 103, | 62, 63, 64, 67, 68,
215, 217,218,219, | 216,224,225, 232, 104, 106, 108, 109, | 72,74,75,77, 79,
1220,221,222,223, | 235,241,243, 244, 16 1, 162, 163, 165, | 81, 82, 83, 84, 86,
225, 228,230, 236, | 251,253,254,255, | 166, 180, 192,205, | 87, 88, 89,‘ 90, 95,
237,239, 245,266, | 263, 264, 268, 270, 225, 227,231,233, | 96,97,101, 102,A
285,293,294, 295, | 272,276, 282, 287 240, 242, 249,250, | 142, 145, 146, 147,
296, 297, 298, 299, 252,256, 257,259, | 148, 149, iSO, 151,
300, 301, 302, 303, 262, 265,273,274, | 152,160, 167, 168,
304 275,278, 280, 286, | 171,173,174, 176,
288, 291 177, 178. 183, 189,
194, 195, 234, 238,
246, 247, 248, 258,
260, 261, 267, 269,
271,277,279, 281,
283, 284, 289, 290,
292
PI3K o Compound No. Compound No. Compound No. Compound No.

142, 148, 150, 153,
154, 155, 156, 157,
158, 159, 176
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82, 83, 85, 87, 88,
91, 93, 96, 98, 99,
100, 103, 104, 105,
106, 107, 109, 110,
111, 112, 114, 140,
146, 160, 161, 162,
163, 164, 165, 166,
167, 169,170, 172,
174,175, 179, 180,
183, 184, 188, 190,
191,192,193, 195,
196, 197, 198, 199,
200, 201, 202, 203,
204, 2085, 206, 207,
208, 209, 210, 211,
212,213,214, 215,
216,217,218, 219,
220,221,222, 223,
224,225,226, 2217,
228,229, 230, 231,
232,233,234, 235,
236,237,238, 239,
240, 241, 242, 243,
244, 245, 246, 247,
248, 249, 250, 251,
252, 253, 254, 255,
256, 257, 258, 259,
260, 261, 262, 263,
264, 265, 266, 267,
268, 269, 270, 271,
272,273,274, 275,
276,277,278, 279,
280, 281, 282, 283,
284, 285, 286, 287,
288, 289, 290, 291,
292, 293, 294, 295,
297, 298, 299, 300,
301, 302, 303, 304
PBK B Compound No. Compound No. Compound No. Compound No.
8,9,10,11, 14,21, |3,12,13,23,25,53, | 7, 62, 66, 82, 89, 101, 142, 155, 156,
22,24, 26,27,28, 55, 58, 61, 63, 65, 90, 95, 97, 100, 102, | 157
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29,34, 35, 36, 37,
38, 39, 40, 41, 42,
43,44, 46, 52, 54,
56, 57, 59, 60, 64,
68, 69, 70, 73, 76,
78,79, 80, 87, 88,
91,93, 98, 103, 104,
105, 107, 109, 112,
140, 146, 152, 162,
163, 164, 165, 166,
169, 170, 172, 175,
179, 180, 183, 184,
188, 190, 191, 192,
193, 196, 197, 198,
199, 200, 201,
202,203, 204, 205,
206, 207, 208, 209,
210,211, 212, 213,
214,215,216, 217,
218,219,220, 221,
222,223,224, 225,
226,227,228, 229,
230,231, 232, 233,
234,235, 236, 237,
238,239, 240, 241,
242, 243, 244, 245,
246, 247,248, 249,
250, 251, 252, 253,
254, 255, 256, 257,
258,259, 260, 261,
262, 263, 264, 265,
266,268,270, 272,
273, 274, 276, 280,
285,287, 293, 204,
298, 299, 300, 301,
302, 303, 304

67,71,72,74, 75,
717, 81, 82, 83, 84,

85, 86, 96, 99, 106,
108, 110, 111, 113,
114, 115, 145, 147,
149, 151, 154, 158,
160, 161, 167, 168,
171,173,174, 177,
178, 194, 195, 267,
269, 271, 275, 277,
278,279, 281, 282,
283, 284, 286, 288,
290, 291, 295, 297

150, 153, 159, 176,
189, 289, 292, 296

B cell proliferation
ECs (nM)

Compound No.
38, 162, 205, 228,
229

Compound No.
1,2,5,22, 26,27,
39, 40, 43, 49, 57,
71, 87,112, 200,
201, 202, 208, 209,

Compound No.

4,8,9,10, 11, 14,
15, 18, 19, 20, 21,
24, 25, 28, 29, 30,
31, 32, 34, 35, 36,

Compound No.
3,6,7,12, 13, 16,
17, 23,33, 37,44,
48, 53, 54, 55, 62,
63, 66, 67, 68, 72,
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210,211,212, 213,

41,42, 45,46, 47,

‘ 214,215,217,218, | 50,51,61,69,70, | 83, 84, 88, 89, 90,
219, 220,222, 223, | 76, 71,78, 79, 80, 93, 95, 96, 97, 99,
232,233,237,262, | 85, 86,91,98,100, | 101,102, 108, 109,
263,293 103, 104, 105, 106, | 113, 115, 123, 125,

107, 110, 111, 114,
119, 124, 133, 135,
145, 152, 161, 162,
163, 169, 203, 204,
206, 207, 216, 221,
224,225, 226, 230,
243, 245, 246, 251,
252, 253, 254, 256,
257, 260, 261, 264,
265, 272, 276, 287,
288

73, 74, 75, 81, 82,

126, 128, 134, 136,
137,138,139, 141,
142, 144, 146, 147,
148, 149, 150, 151,
153, 154, 155, 156,
157, 158, 159, 160,
166, 167, 168, 170,
171, 173, 174, 176,
177, 178, 180, 189,
192, 194, 195, 199,
227,231, 234, 235,
236, 238, 242, 244,
247, 248, 249, 250,
255, 258, 259, 266,
268, 271, 275, 277,
278,279, 280, 281,
282,283, 284, 286,
289, 290, 291, 292,
295, 296, 297

Table 5. Structures of the Compounds for the ICS0 results described in Table 4.
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Example 16: Expression and Inhibition Assays of p110a/p85a, lehB/pSSa, p1108/p85a, and p110y:
[00524) Class I PI3-Ks can be either purchased (p110c/p85a, p110B/p85c, p1108/p85a from Upstate, and p110y
from Sigma) or expressed as previously described (Knight et al., 2004). 1C50 values are measured using either a
5 standard TLC assay for lipid kinase activity (described below) or a high-throughput membrane capture assay. Kinase

reactions are performed by preparing 2 reaction mixture containing kinase, inhibitor (2% DMSO final concentration),
buffer (25 mM HEPES, pH 7.4, 10 mM MgCI2), and freshly sonicated phosphatidylinositol (100 pg/ml). Reactions
are initiated by the addition of ATP containing 10 uCi of y-32P-ATP to a final concentration 10 or 100 uM and ‘
allowed to proceed for 5 minutes at room temperature. For TLC analysis, reactions are then terminated by the addition

10 of 105 pl IN HCl followed by 160 ul CHCI3:MeOH (1:1). The biphasic mixture is vortexed, briefly centrifuged, and
the organic phase is transferred to a new tube using a gel loading pipette tip precoated with CHCl;. This extract is
spotted on TLC plates and developed for 3 — 4 hours in a 65:35 solution of n-propanot:1M acetic acid. The TLC plates
are then drieﬂ, exposed to a phosphorimager screen (Storm, Amersham), and quantitated. For each compound, kinase
activity is measured at 10 — 12 inhibitor concentrations representing two-fold dilutions from the highest concentration

15 tested (typically, 200 uM). For compounds showing significant activity, IC50 determinations are repeated two to four
times, and the reported value is the average of these independent measurements. ’
{00525]  Other commercial kits or systems for assaying PI3-K activities are available. The commercially available
kits or systems can be used to screen for inhibitors and/or agonists of P13-Ks including but not limited to PI 3-Kinase
a, B, 8, and y. An exemplary system is PI 3-Kinase (human) HTRF™ Assay from Upstate. The assay can be carried

20 out according to the procedures suggested by the manufacturer. Briefly, the assay is a time resolved FRET assay that
indirectly measures PIP3 product formed by the activity of a PI13-K. The kinase reaction is performed in a microtiter
plate (e.g., a 384 well microtiter plate). The total reaction volume is approximately 20ul per well. In the first step,
each well receives 2ul of test compound in 20% dimethylsulphoxide resulting in a 2% DMSO final concentration.
Next, approximately 14.5ul of a kinase/PIP2 mixture (diluted in 1X reaction buffer) is added per wel! for a final

25 concentration of 0.25-0.3ug/ml kinase and 10uM PIP2. The plate is sealed and incubated for 15 minutes at room
temperature. To start the reaction, 3.5ul of ATP (diluted in 1X reaction buffer) is added per well for a final
concentration of 10uM ATP. The plate is sealed and incubated for 1 hour at room temperature. The reaction is

stopped by adding 5ul of Stop Solution per well and then 5ul of Detection Mix is added per well. The plate is sealed,
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incubated for 1 hour at room temperature, and then read on an appropriate plate reader. Data is analyzed and 1C50s
are generated using GraphPad Prism 5.

Example 17: Expression and Inhibition Assays of Abl
[80526] The cross-activity or lack thereof of one or more compounds of the present invention against Abl kinase can
be measured according to any procedures known in the art or methods disclosed below. The compounds described
herein can be assayed in triplicate againsi recombinant full-length Abl or Abl (T315I) (Upstate) in an éssay ‘containing
25 mM HEPES, pH 7.4, 10 mM MgCI2, 200 uM ATP (2.5 uCi of y-32P-ATP), and 0.5 mg/mL‘BSA. The optimized
Abl peptide substrate EATYAAPFAKKK is used as phosphoacceptor (200 pM). Reactions are terminated by spotting
onto phosphocellulose sheets, which are washed with 0.5% phosphoric acid (approximately 6 times, 5-10 minutes
each). Sheets are dried and the transferred radioactivity quantitated by phosphorimaging.

Example 18: Expression and Inhibition Assays of Hek »
[00527] The cross-activity or lack thereof of one or more compounds of the present invention against Hck kinase can
be measured according to any procedures known in the art or methods ciisclbged below. The compounds described
herein can be assayed in triplicate against recombinant full-length Hck in an assay containing 25 mM HEPES, pH 7.4,
10 mM MgCli2, 200 uM ATP (2.5 pCi of y-32P-ATP), and 0.5 mg/mL BSA. The optimized Src family kinase peptide
substrate EIYGEFKKK is used as phosphoaocepior (200 uM). Reactions are terminated by spotting onto
phosphocellulose sheets, which are washed with 0.5% phosphoric acid (approximately 6 times, 5-10 minutes each).
Sheets are dried and the transferred radioactivity quantitated by phosphorimaging.

Example 19: Expression and Inhibition Assays of Inulsin Receptor (IR)
[00528] The cross-activity or lack thereof of one or more compounds of the present invention against IR receptdr
kinase can be measured according to any procedures known in the art or methods disclosed below. The compounds
described herein can be assayed in triplicate against recombinant insulin receptor kinase domain (Upstate) in an assay
containing 25 mM HEPES, pH 7.4, 10 mM MgCi2, 10 mM MnC]Z,’ZOO uM ATP (2.5 uCi of y-32P-ATP), and 0.5
mg/mL BSA. Poly E-Y (Sigma; 2 mg/mL) is used as a substrate. Reactions are terminated by spotting onto
nitrocellulose, which is washed with 1M NaCl/1% phosphoric acid (approximately 6 times, 5-10 minutes each).
Sheets are dried and the transferred radioactivity quantitated by phosphorimaging.

Example 20: Expression and Inhibition Assays of Src
[00529] The cross-activity or lack thereof of one or more compounds of the present invention against Sré kinase can
be measured according to any procedures known in the art or methods disclosed below. The compounds described
herein can be assayed in triplicate against recombinant full-length Src or Src (T338I) in an assay containing 25 mM
HEPES, pH 7.4, 10 mM MgCl2, 200 uM ATP (2.5 uCi of y-32P-ATP), and 0.5 mg/mL BSA. The optimized Src
family kinase peptide substrate ETYGEFKKK is used as phosphoacceptor (200 uM). Reactions are terminated by
spotting onto phosphocellulose sheets, which are washed with 0.5% phosphoric acid (approximately 6 times, 5-10
minutes each). Sheets were dried and the transferred radioactivity quantitated by phosphorimaging.

Example 21: Expression and Inhibition Assays of DNA-PK (DNAK)
[00530] The cross-activity or lack thereof of one or more compounds of the present invention against DNAK kinase
can be measured according to any procedures known in the art. DNA-PK can be purchased from Promega and
assayed using the DNA-PK Assay System (Promega) according to the manufacturer’s instructions.

Example 22: Expression and Inhibition Assays mTOR
[00531] The cross-activity or lack thereof of one or more compounds of the present invention against mTor can be

measured according 1o any procedures known in the art or methods disclosed below. The compounds described herein
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can be tested against recombinant mTOR (Invitrogen) in an assay containing 50 mM HEPES, pH 7.5, ImM EGTA, 10
mM MgCl2, 2.5 mM, 0.01% Tween, 10 uM ATP (2.5 uCi of ;_1-32P—ATP), and 3 pg/mL BSA. Rat recombinant
PHAS-1/4EBP1 (Calbiochem; 2 mg/mL) is used as a substrate. Reactions are terminated by spotting onto
nitroceltulose, which 'is washed with 1M NaCV/1% phosphoric acid (approximately 6 times, 5-10 minutes each).
5 Sheets are dried and ‘t‘hc transferred radioactivity quantitated by phosphorimaging.
[00532) Other kits or systems for assaying mTOR activity are commercially available. For instance, one can use
Invitrogen’s LanthaScreen™ Kinase assay to test the inhibitors of mTOR disclosed herein. This assay is a time
resolved FRET platform that measures the phosphorylation of GFP labeled 4EBP1 by mTOR kinase. The kinase
reaction is performed in a white 384 well microtiter plate. The total reaction volume is 20ul per well and the reaction
10 buffer composition is 50mM HEPES pH?7.5, 0.01% Polysorbate 20, ImM EGTA, 10mM MnCI2, and 2mM DTT. In
the first step, each well receives 2ul of test compound in 20% dimethylsuiphoxide resulting in a 2% DMSO final
concentration. Next, 8ul of mTOR diluted in reaction buffer is added per well for a 60ng/ml final concentration. To
start the reaction, 10ul of an ATP/GFP-4EBP1 mixture (diluted in reaction buffer) is added per well for 2 final
concentration of 10uM ATP and 0.5uM GFP-4EBP1. The plate is sealed and incubated for 1 hour at room
15 temperature. The reaction is stopped by adding 10ul per well of a Tb-anti-pT46 4EBP1 antibody/EDTA mixture
- (diluted in TR-FRET buffer) for a final concentration of 1.3nM antibody and 6.7mM EDTA. The plate is sealed,
incubated for 1 hour at room temperature, and then read on a plate reader set up for LanthaScreen™ TR-FRET. Data
is analyzed and IC50s are generated using GraphPad Prism 5. ;
Example 23: Expression and Inhibition Assays of Vascular endothelial growth receptor
20 [00533] The cross-activity or lack thereof of one or more compounds of the present invention against VEGF receptor
can be measured according to any procedures known in the art or methods disclosed below. The compounds described
herein can be tested against recombinant KDR receptor kinase domain (Invitrogen) in an assay containing 25 mM
HEPES, pH 7.4, 10 mM MgCl2, 0.1% BME, 10 uM ATP (2.5 uCi of p-32P-ATP), and 3 ug/mL BSA. Poly E-Y
(Sigma; 2 mg/mL) is used as a substrate. Reactions are terminated by spotting onto nitrocellulose, which is washed
25 with 1M NaCl/1% phosphoric acid (approximately 6 times, 5-10 minutes each). Sheets are dried and the transferred
radioactivity quantitated by phosphorimaging.
Example 24: Expression and Inhibition Assays of Ephrin receptor B4 (EphB4)
[00534] The cross-activity or lack thereof of one or more compounds of the present invention against EphB4 can be
measured according to any procedures known in the art or methods disclosed below. The compounds described herein
30 can be tested against recombinant Ephrin receptor B4 kinase domain (Invitrogen) in an assay containing 25 mM
HEPES, pH 7.4, 10 mM MgCi2, 0.1% BME, 10 uM ATP (2.5 pCi of p-32P-ATP), and 3 pg/mL BSA. Poly E-Y
(Sigma; 2 mg/mL) is used as a substrate. Reactions are terminated by spotting onto nitrocellulose, which is washed
with 1M NaCl/1% phosphoric acid (approximately 6 times, 5-10 minutes each). Sheets are dried and the transferred
radioactivity quantitated by phosphorimaging.
35  Example 25: Expression and Inhibition Assays of Epidermal growth factor receptor (EGFR)
[00535] The cross-activity or lack thereof of one or more compounds of the present invention against EGFR kinase
can be measured according to any procedures known in the art or methods disclosed below. The compounds described
herein can be tested against recombinant EGF receptor kinase domain (Invitrogen) in an assay containing 25 mM
HEPES, pH 7.4, 10 mM MgCl2, 0.1% BME, 10 pM ATP (2.5 nCi of u-32P-ATP), and 3 pg/mL BSA. Poly E-Y

40 (Sigma; 2 mg/mL) is used as a substrate. Reactions are terminated by spotting onto nitrocellulose, which is washed
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with 1M NaCVl/1% phosphoric acid (approximately 6 times, 5-10 minutes each). Sheets are dried and the transferred
radioactivity quantitated by phosphorimaging.

Example 26: Expression and Inhibition Assays of KIT Assay
[00536] The cross-activity or lack thereof of one or more compounds of the preserit invention against KIT kinase can
be measured aécording to-any procedures known in the art or methods disclosed below. The compounds described
herein can be tested againsf recombinant KIT kinase domain (Invitrogen) in an assay containing 25 mM HEPES, pH
7.4, 10 mM MgCl12, ImM DTT, 10mM MnCl2, 10 uM ATP (2.5 pCi of u—32P-ATP),vand 3 ug/mL BSA. Poly E-Y
(Sigma; 2 mg/mL) is used as a substrate. Reactions are terminated by spotting onto nitrocellulose, which is washed
with 1M NaCl/1% phosphoric acid (approximately 6 times, 5-10 minutes each). Sheets are dried and the transferred
radioactivity quantitated by phosphorimaging.

Example 27: Expression and Inhibition Assays of RET
[00537] The cross-acﬁvity or lack thereof of one or more compounds of the present invention against RET kinase can
be measured according to any procedures known in the art or methods disclosed below. The compounds described
herein can be tested against recombinant RET kinase domain (Invitrogen) in an assay containing 25 mM HEPES, pH
7.4, 10 mM MgCl2, 2.5mM DTT,10 pM ATP (2.5 uCi of p-32P-ATP), and 3 pg/mL BSA. The optimized Abl peptide
substrate EAIYAAPFAKKX is used as Aphosphoacceptor (200 uMy). Reactions are terminated by spotting onto
phosphocellulose sheets, which are washed with 0.5% phosphoric acid (ai:p’rjoximatcly 6 times, 5-10 minutes each).
Sheets are dried and the transferred radioactivity quantitated by phosphorimaging.

Example 28: Expression and Inhibition Assays of Platelet derived grdwth factor receptor (PDGFR)
[00538] The cross-activity or lack thereof of one or more compounds of the present invention against PDGFR kinase
can be measured according to any procedures known in the art or methods disclosed below. The compounds described
herein can be tested against recombinant PDG receptor kinase domain (Invitrogen) in an assay containing 25 mM
HEPES, pH 7.4, 10 mM MgCl2, 2.5mM DTT,10 uM ATP (2.5 uCi of p-32P-ATP), and 3 ng/mL BSA. The optimized
Abl peptide substrate EAIYAAPFAKKK is used as phosphoacceptor (200 uM). Reactions are terminated by spotting
onto phosphoceliulose sheets, which are washed with 0.5% phosphoric acid (approximately 6 times, 5-10 minutes
each). Sheets are dried and the transferred radioactivity quantitated by phosphorimaging.

Example 29: Expression and Inhibition Assays of FMS-related tyrosine kinase 3 (FLT-3)
[00539] The cross-activity or lack thereof of one or more compounﬁs of the present invention against FLT-3 kinase
can be measured according to any procedures known in the art or methods disclosed below. The compounds described
herein can be tested against recombinant FLT-3 kinase domain (Invitrogen) in an assay containing 25 mM HEPES, pH
7.4, 10 mM MgCI2, 2.5mM DTT,10 uM ATP (2.5 uCi of p-32P-ATP), and 3 pg/mL BSA. The optimized Abl peptide
substrate EAIYAAPFAKKK is used as phosphoacceptor (200 uM). Reactions are terminated by spotting onto
phosphoceliulose sheets, which are washed with 0.5% phosphoric acid (approximately 6 times, 5-10 minutes each).
Sheets are dried and the transferred radioactivity quantitated by phosphorimaging.
Example 30: Expression and Inbibition Assays of TEK receptor tyrosine kinase (TIE2)
[00540] The cross-activity or lack thereof of one or more compounds of the present invention against TIE2 kinase can
be measured according to any procedures known in the art or methods disclosed below. The compounds described
herein can be tested against recombinant TIE2 kinase domain (In{/itrogcn) in an assay containing 25 mM HEPES, pH
7.4, 10 mM MgCl12, 2mM DTT, 10mM MnCi2, 10 pM ATP (2.5 pCi of p-32P-ATP), and 3 pg/mL BSA. Poly E-Y

(Sigma; 2 mg/mL) is used as a substrate. Reactions are terminated by spotting onto nitrocellulose, which is washed
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with 1M NaCl/1% phosphoric acid (approximately 6 times, 5-10 minutes each). Sheets are dried'and the transferred
radioactivity quantitated by phosphorimaging.

Example 31: B Cell Activation ‘and Proliferation A‘ssay ‘

[00541] The ability of one or more subject compounds to inhibit B cell activitation and proliferation is determined
according to standard procedures known in the art. For example, an in vitro cellular proliferation assay is established
that measures the metabolic activity of live cells. The assay is performed in a 96 well microtiter plate using Alamar
Blue reduction. Balb/c splenic B cells are purified over a Ficoll-Paque™ PLUS gradient followed by magnetic cell
separation using a MACS B cell Isolation Kit (Miletenyi). Cells are plated in 90ul at 50,000 cells/well in B Cell Media
(RPMI + 10%FBS + Penn/Strep + 50uM bME + 5mM HEPES). A compound disclosed herein is diluted in B Cell
Media and added in a 10ul volume. Plates are incubated for 30min at 376 dnd 5% CO, (0.2% DMSO final
concentration). A 50ul B cell stimulation cocktail is then added containing either 10ug/ml LPS or Sug/mi F(ab’)2
Donkey anti-mouse IgM plus 2ng/m! recombinant mouse IL4 in B Cell Media. Plates are incubated for 72 hours at
37°C and 5% CO,. A volume of 15uL of Alamar Blue reagent is added to each well and plates are incubated for 5
hours at 37C and 5% CO,. Alamar Blué fluoresce is read at 560Ex/590Em, and IC50 or EC50 values are calculated
using GraphPad Prism 5.

Example 32: Tumor Cell Line Proliferation Assay

100542] The ability of one or more subject compounds to inhibit tumor cell line proliferation is determined according
to standard procedures known in the art. For instance, an in vitro cellular proliferation assay can be performed to
measure the metabolic activity of live cells. The assay is performed in a 96 well microtiter plate using Alamar Blue
reduction. Human tumor cell lines are obtained from ATCC (e.g., MCF7, U-87 MG, MDA-MB-468, PC-3), grown to
confluency in T75 flasks, trypsinized with 0.25% trypsin, washed one time with Tumor Cell Media (DMEM +
10%FBS), and plated in 90ul at 5,000 cells/well in Tumor Cell Media. A compound disclosed herein is diluted in
Tumor Cell Media and added in a 10ul volume. Plates are incubated for 72 hours at 37C and 5% CO,. A volume of
10uL of Alamar Blue reagent is added to each well and plates are incubated for 3 hours at 37C and 5% CO,. Alamar
Blue fluoresce is read at 560Ex/590Em, and IC50 values are calculated using GraphPad Prism 5.

Example 33: Antitumor Activity in Vive

[00543] The compounds described herein can be evaluated in a panel of human and murine tumor models.

[00544] Paclitaxel-refractory Tumor Models

[00545] 1. Clinically-derived Ovarian Carcinoma Model,

[00546] This tumor model is established from a tumor biopsy of an ovarian cancer patient. Tumor biopsy is taken

from the patient.
[00547] The compounds described herein are administered to nude mice bearing staged tumors using an every 2 days
x 5 schedule.
[00548) 2. 42780Tax Human QOvarian Carcinoma Xenograft (Mutated Tubulin).
[00549] A2780Tax is a paclitaxel-resistant human ovarian carcinoma model. It is derived from the sensitive parent
A2780 line by co-incubation of cells with paclitaxel and verapamil, an MDR-reversal agent. Its resistance mechanism
has been shown to be non-MDR related and is attributed to a mutation in the gene encoding the beta-tubulin protein.
[00550] The compounds described herein can be administered to mice bearing staged tumors on an every 2 days x §
schedule.
[00551] 3. HCT116/VM46 Human Colon Carcinoma Xenograft (Multi-Drug Resistani).
[00552] HCT116/VM46 is an MDR-resistant colon carcinoma developed from the sensitive HCT116 parent line. In
vive, grown in nude mice, HCT116/VM46 has consistently demonstrated high resistance to paclitaxel.
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[00553] The compounds described herein can be administered to mice bearing staged tumors on an every 2 days x 5
schedule. '

[00554] 5. M5076 Murine Sarcoma Model

{60555] M5076 is a mouse fibrosarcoma that is inherently refractory to paclitaxel in vivo.

{00556] The compounds described herein can be administered to mice bearing staged tumors on an every 2 days x 5
schedule.

[00557] One or more compounds of the invention can be used in combination other therapeutic agents in vivo in the
multidrug resistant human colon carcinoma xenografts HCT/VM46 or any other model known in the art including
those described herein.

Example 34: Microsome stability assay

[00558] The stability of one or more subject compounds is determined according to standard procedures known in the
art. For example, stability of one or more subject compounds is established by an in vitro assdy. In particular, an in
vitro microsome stability assay is established that measures stability of one or more subject compounds when reacting
with mouse, rat or human microsomes from liver. The microsome reaction with compounds is performed in 1.5 mL
Eppendorf tube. Each tube contains 0.1 pL of 10.0 mg/ml NADPH; 75 uL of 20.0 mg/ml mouse, rat or human liver
microsome; 0.4 pL of 0.2 M phosphate buffer, and 425 uL of ddH,0. Negative control (without NADPH) tube
contains 75 pL of 20.0 mg/ml mouse, rat or human liver microsome; 0.4 uL of 0.2 M phosphate buffer, and 525 puL of
ddH, 0. The reaction is started by adding 1.0 uL of 10.0 mM tested compound. The reaction tubes are incubated at
37°C. 100 pL sample is collected into new Eppendorf tube containing 300 uL cold Methanol at 0, 5, 10, 15, 30 and 60
minutes of reaction. Samples are centrifuged at 15,000 rpm to remove protein. Supernatant of centrifuged sample is

transferred to new tube. Concentration of stable compound after reaction with microsome in the supernatant is

‘measured by Liquid Chromatograph);/Mass Spectrometry (LC-MS).

Example 35: Plasma stability assay )
[00559] The stability of one or more subject compounds in plasma is determined according to standard
procedures known in the art. See, e.g., Rapid Commun. Mass Spectrom., 10: 1019-1026. The following procedure
is an HPLC-MS/MS assay using human plasma; other species including monkey, dog, rat, and mouse are also
available. Frozen, heparinized human plasma is thawed in a cold water bath and spun for 10 minutes at 2000 rpm at
4 °C prior to use. A subject compound is added from a 400 uM stock solution to an aliquot of pre-warmed plasma
to give a final assay volume of 400 pL (or 800 uL for half-life determination), containing 5 pM test compound and
0.5 % DMSO. Reactions are incubated, with shaking, for 0 minutes and 60 minutes at 37 °C, or for 0, 15, 30, 45 and
60 minutes at 37 C for half life determination. Reactions are stopped by transferring 50 pL of the incubation
mixture to 200 pL of ice-cold acetonitrile and mixed by shaking for 5 minutes. The samples are centrifuged at 6000
x g for 15 minutes at 4°C and 120 pL of supernatant removed into clean tubes. The samples are then evaporated to
dryness and submitted for analysis by HPLC-MS/MS. _
[00560] Where desired, one or more control or reference compounds (5 pM) are tested simultaneously
with the test compounds: one compound, propoxycaine, with low plasma stability and another compound,
propantheline, with intermediate plasma stability.
[00561] Samples are reconstituted in acetonitrile/methancl/water (1/1/2, v/v/v) and analyzed via
(RPYHPLC-MS/MS using selected reaction monitoring (SRM). The HPLC conditions consist of a binary LC pump
with autosampler, a mixed-mode, C12, 2 x 20 mm c.olumn, and a gradient program. Peak areas corresponding to the
analytes are recorded by HPLC-MS/MS. The ratio of the parent compound remaining after 60 hainutes relative to the
amount remaining at time zero, expressed as percent, is reported as plasma stability. In case of half-life

-142-



4, N1N-0 Compound 296 sr-ii:_b_ N-1 HOn. As,..,"41 Yir-- .5 Compound 297 F NN Compound 298 HO
KAI 1) NIN-0 0 Compound 299 F Compound 300 N N-N Br/4 '..1.1" 142N- Compound 301 CF3 0 N-N
Br.., 14 ---. ) H2NIm. Compound 302 CF3 nic"-s N 9 ul4 Compound 303 SCE3141.71a

determination, the half-life is estimated from the slope of the initial linear range of the logarithmic curve of '
compound remaining (%) vs. time, assuming first order kinetics.
Example 36: Chemical Stébility ’ ‘ v .
[00562] - The chemiéai stability of one or more squeét compounds is determined according to standard
5 procedures. known in the art. The following details an exemplary procedure for ascertaining chemical stability of a
subject compound. The default buffer used for the chemical stability assay is phosphate-buffered saline (!I’BS) at
pH 7.4; other suitable buffers can be used. A subject compound is added from a 100 pM stock solution to an
aliquot of PBS (in duplicate) to give a final assay volume of 400 uL, containing 5 pM test compound and 1%
DMSO (for half-life determination a total sample volume of 700 pL is prepared). Reactions are incubated, with
10  shaking, for 0 minutes and 24 hours at 37°C; fclnr half-life determination samples are incubated for 0, 2, 4, 6, and 24
hours. Reactions are stopped by adding immediately 100 uL of the incubation mixture to 100 kL of acetonitrile and
vortexing for 5 minutes. The samples are then stored at -20°C until analysis by HPLC-MS/MS. Where desired, a
control compound or a reference compound such as chlorambucil (5 pM) is tested simultaneously with a subject
compound of interest, as this compound is largely hydrolyzed over the\course of 24 hours. Samples are analyzed via
15  (RP)HPLC-MS/MS using selected reaction monitoring (SRM). The HPLC conditions consist of a binary LC pump
with autosampler, a mixed-mode, C12, 2 x 20 mm column, and a gradient program. Peak areas corresponding to the
analytes are recorded by HPLC-MS/MS. The ratio of the parent compouna remaining after 24 hours relative to the
amount remaining at time zero, expressed as percent, is reported as.chemical stability. In case of half-life
determination, the half-life is estimated from the slope of the initial linear range of the logarithmic curve of
20  compound remaining (%) vs. time, assuming first order Kinetics.
Example 37: Akt Kinase Assay
[00563] Cells comprising components of the Ak/mTOR pathway, including but not limited to L6 myoBlasts, B-ALL
cells, B-cells, T-cells, leukemia cells, bone marrow cells, p190 transduced cells, philladelphia chromosome positive
cells (Ph+), and mouse embryonic fibroblasts, are typically grown in cell growth media such as DMEM supplemented
25 with fetal bovine serum and/or antibiotics, and grown to confluency.
[00564] In order to compare the effect of one or more compounds disclosed herein on Akt activation, said cells are
serum starved overnight and incubated with one or more compounds disclosed herein or about 0.1% DMSO for
approximately 1 minute to about 1 hour prior to stimulation with insulin (e.g. 100 nM) for about 1 minutes to about 1
hour. Cells are lysed by scraping into ice cold lysis buffer containing detergents such as sodium dodecy! sulfate and
30 protease inhibitors (e.g., PMSF). After contacting cells with lysis buffer, the solution is briefly sonicated, cleared by
centrifugation, resolved by SDS-PAGE, transferred to nitrocellulose or PVDF and immunoblotted using antibodies to
phospho- Akt 8473, phospho- Akt T308, Akt, and B-actin (Cell Signaling Technologies).
{00565] The results demonstrate that one or more compounds of the present disclosure inhibit insulin stimulated
phosphorylation of Akt at $473. Alternatively, some compounds disclosed herein additionally inhibit insulin
35 stimulated phosphorylation of Akt at T308. Such class of compounds can inhibit Akt more effectively than rapamycin
and may be indicative of mTORC?2 inhibitors or inhibitors of upstream kinases such as PI3K or Akt.
Example 38: Kinase Signaling in Blood
[00566] PI3K/ Akt/mTor signaling is measured in blood cells using the phosflow method (Methods Enzymol.
2007;434:131-54). The advantage of this method is that it is by nature a single cell assay so that cellular heterogeneity
40 can be detected rather than population averages. This allows concurrent dinstinction of signaling states in different
populations defined by other markers. Phosflow is also highly quantitative. To test the effects of one or more
compounds disclosed herein, unfractionated splenocytes, or peripheral blood mononuclear cells are stimulated with
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The optimized Abl peptide substrate EAIYAAPFAKICK is used as phosphoacceptor (200 MM).

Reactions are terminated by spotting 25 onto phosphocellulose sheets, which are washed with 0.5%
nhoenhaoriec acid (annrovimatealyvy A timecec 510 minititece earch) [heete are Aried and the trancfarrad




(RPM] + 10%FBS + Penn/Strep + 50uM bME + 5mM HEPES). A compound disclosed herein is diluted
in B Cell 10 Media and added in a |IOul volume. Plates are incubated for 30min at 37C and 5% CO2
(0.2% DMSO final concentration). A 50ul B cell stimulation cocktail is then added containing either
10ug/m1LPS or 5ug/ml1F(ab52 Donkey anti-mouse IgM plus 2ng/ml recombinant mouse IL4 in B Cell
Media. Plaiasris: naudwiedofopifizihocns atcdtr engd% CO2. A volume of 15ulL of Alamar Blue

-reagent ispdgles ia gariiavellsarduiaiesiares REBRAIRHRe Ao AldbGANkee G- Alamar Blue

- fluoresce i'?‘dr;%ad at 560Ex/390Em, and G320 mCal, vajues argal%alculiateq 15 éJsirrlquQraphPad Prism
S. Examﬁfe 3_2?%&%&%&?%%@1@ liferation. Assa: 05451 Fha abiiity of one or more subject ‘

0 (00 ility 0 .
compoundSi8 MBI ThHICPEer ‘llngeé%{ﬁfeaf’éjt%ﬁ? 1S S PRI AR Srig th Stshauitrbrdtddures
known inthe B0 pigrtmrd e i SRS L emtirar o irsreamn e vadror thsardsiied i measure the
metabolidkgcepprdliivei dherinetass asf pppiedio mmeld- inhycoslipriterrheroittesidiatteinsitgiAlamar Blue
20 reductigirsusphusing MhLmein dolich nes=tirel it somed chidalivh PO BegiuniGined] b3h8iinMBIDA-MB-468,
PC-3), grawiiie eapiliesrayircéd foliiekest ypain el vaiin 2 Ho2tyasitnai@sh & @Ridme with Tumor
G Mo RME M ADISER )00 it SRS PRTTGS Al Mo, A compound
isclo , | I . i volume.. Plates are.incubated for
72 hoﬁg@ﬁ%ﬁ%@%ﬁ?g{?@?@ .ﬂg’:\%g fﬁg;%%%ﬁ%fg@%g%%%%g%%@ﬁ ll'%g??/cai ge?gitgag%ch well and
plates ar&"cubated fors Rours at 576 and 50 CO2 Afhmar 25 B SHUe See I 1834 at
560EX/5EHPLIHR) ety sttrers e iR Al E EHHRY €& Faiip BLPohing 5ot sespInd W& Yentitumor
Activity irfels9es 35058 31 ViEbEtCEiRETbA RIS sy n Mg preaf9rcedaluated in a panel of human and
murine tuBrapineklEill ChB0B 42EnRéelithgdls péfradtoPyidimmor Models 10054511. Clinically-derived
Ovarian @esminantssiacelais{QA646nkhisturimmdelisisialichednian) artmemhippsy of an
ovarian capag-Ralie N rnd 40k bigRy-siakem borMbanatiess AR A theempaunds described
herein arg adminisiefaddQ-Nusle MGG NEANLHA06% HMOIS HSIREAR L YR N 2 ARV S X maghedule.
100548] 2,,424801, 8% BTN, Ouasian Gosehoma Xenogralt Multajed b, 35, 100549) A2780Tax
isa paclitaxemes_lstant uman ovglprlaon carcinoma model. It is derived from the sensitive parent A2780
line by cSTREMBARIrERNL I PALHEXL, 5a VEMPATEL MISRPS/ALSEPUTEREts resistance
mechahiSPzs HEe! SHEWh T BE-nbiseN rree A pafetr 2itTs S BER SR SOMENAII AR tié%gene
encodingstbriehretel with ST RY R Ehdingns STfexith & net powrn 8STH & sembduuhe feismarabéraa hinistered to
mice beawing. staged Winens brirenrevsry BMiayeasischeguleged@rl@05E1 2 Qi Caiph8AHM46 Human
Colon Cacinema$anegrey tiddeitiziossg, Resistant}ctd0paakitheibld 6oy Md 6is maMRR-resistant
colon carginma SeVRIORREH R tiR-SERSINE fifenitldf LREGRLIDEIIRM HOOWNDR AW e, Mice,
. HCTlggmme%g%%}\efmm demgustrated high resistance to paclitaxel. -141- [005531 The

compourxgpg.sdes_crlbie‘d pgr%gg% bg gtdministered to mice bearing staged tumors on an every 2 days X
5 schedule. Iaagm 5 af\?l% Grine. sarcoma Model 1005551 M5076 is a mouse fibrosarcoma that

is inhere My e A CES A SR ta R ET T 76 P tD LB S T e R Bimpl gt e ges (s ek ean be -
administ&PdBME hite BN P Stge Htes orsismzanT SRV D 8 i S erreliurats [it3% 7&SOne or more
compourisierast thdivnve idrrse amdberessen frecennddihatieipr diffreantitenspethticiagentsun vivo in the
multidtugaesistant kv an.cotdnicareoriaxenads &flS G Adivid Geoin amyd dthetmagaehknewn in the art
includingsthase desetinad ihaeis a00°E xam pl e wdksMiar aagimasstakilitys assawd 00284y, The stability of
one or MRLR-SEhIeeLEOMIRKRTSIsArlernied aggerding to standard procedures known in the art. For
exampleﬁg‘gm%tqgoqﬂg, %EHPXS&&?&%“ compounds is established by an in vitro assay. In particular,

an in vitrg [HiefaeOMmG. SIabI, esa s established dhatmessuras staliy of.one,or,more subject
compounds he(p reacting V\{lﬂ%({nouse rat or human microsomes frém fivet. The microsome reaction
with cOmPBHREEICHERBFR AT .5 18 E st eI & LA BT LB B IORC b 10.0 mg/ml
NADPH; 8k Bi&t 29 3 reGinFhousR2adish Hefart Rt htiCroSEmestian s crrsest U2 RiostBsphate buffer,
and 425 Romof SR gnehies gutatreeshtrid] (rithBRIT AR IO 10 énetesriedirecs sadotbdfiizigeds eéphnl mouse,
rat or hurhegfoterentimerogonter. 0.4 AL of 0.2 M phosphate buffer, and 525 AL of ddH20. The reaction is
started bymaAldéirgnla® AL of 10.0 mM tested compound. The reaction tubes are incubated at 37C. 100

AL sagpp|gissFatieetag-ipies RRUHERRE HISET LR HeRiaNIngn 300.hh, Cold: MBI aNgIaLDxR, 10, 15, 30
and 60 28@50%%%&&&_%%'&? RATRIGR A& fentH e L Al e RIQ RIS MRV RIQISH). Supernatant

of centrifliged sample.is ransteriad tonew tuhe, Gonceniration, of Stable sompound after reaction with
microsome In the sﬁpernétant iS measure %y Liquid C romatographyf ass Spectrometry (LC-MS).
Example 35: Plasma stability assay [005591The st'é‘t?ﬂity of one or more subject compounds in plasma
is determined according to standard 25procedures known in the art. See, e.g., Rapid Commun. Mass
Spectrom., 10: 1019-1026. The following procedure is an HPLC-MS/MS assay using human plasma;
other species including monkey, dog, rat, and mouse are also available. Frozen, heparinized human
plasma is thawed in a cold water bath and spun for 10 minutes at 2000 rpm at 4C prior to use. A
subject compound is added from a 400 AM stock solution to an aliquot of pre-warmed plasma to give a

final assay volume of 400 AL (or 800 AL for half-life determination), containing $ AM test compound
and 200 5 04 DM<O Reactinne are incirithated with chalkina for O miniitee and AN Mminiitece at R7 C Ar




40 with autosampler, a mixed-mode, C12, 2 x 20 mm column, and a gradient program. Peak areas
corresponding to the analytes are recorded by HPLC-MS/MS. The ratio of the parent compound
remaining after 60 minutes relative to the amount remaining at time zero, expressed as percent, is
reported as plasma stability. In case of half-life -142- determination, the half-life is estimated from the
slope of thes ifitialidirearhrad geiniithien| sgat HRsioirkaafcdnvsoning temetimme (B6pusd time, assuming
first ordepdineticss, Epampirea6 pGbamcal, stakiliikil 0062 1Tihe chrmicat stabilikpeofhane or more
subject cQIROMAGEIHASIRHIN 6 BeeN HiNGLINSIFNA R EIrBRIALEAS AR MRtk iR 8kt The following
detalls AL ERENRlaRIRea IR m?g?ﬂ%@amﬁn&&h§.5m9@1ﬂ%19@u@se9f&ﬁammn%gmwd The default

buffer used for the ¢ emlc sta 3: 3§§) Z(?&éé{lsg cn%alne %f; O)méae ZSA% ?;h:r: aliquot

suitabl® SEHFEFEEEH ST @
of PBS (ifP¢tipieatay M‘ﬁr&@c&%mﬁm@gay%%ﬁ?&”& ‘ﬂéﬁ"i\?ﬂ."‘?ﬁ‘c‘?r?fe‘fh‘ﬁ??@’§'9£Rﬁ’f§'§fddﬁﬁ{bound and 1%
DMSO (forhfatftifehrieferihivietion BRetditmmapie ittt orgn 4 isntberirs iyt Reaeddios are

incubate cnmviibhi@shddinginfigroOkminetie seancpgdxldoe pstiaity3¥'icked Hydlb%ite dete ronatidbni8amples are
incubate Ghfiut)) Naasghcific sith:d tivoreasy B astiaNmBseust P pedibyeadding imsmediatalyid aai-ML of the
incubgj ow%m 10148 Rl Rf ARGIRRLTISANAY S tEXINgiRNE Minuesbha samRie.a5e then stored
at-20C u"ﬁlm &%%%é&%ﬂ%’hdx%r%%m : ng@bqﬁ%&%%@on%my@leggamapwmn%saﬂ%f,%m@&e compound

such as chioramb u0| IS tested S|multan eou Si Wlt 1 a subject compound of interest, as this
compourfiR TR & one PR S P R S UrS @Simples are analyzed via
15(RP)HPHRh A ﬁ‘s‘"ﬁ;ﬁ@éted reaction monitoring (SRM). The HPLC conditions consist of a
binary LCOp#hSaltrkirbiititd et Aeermifisudentidd ganefarase ediood i tpte AR Tmdk-epdfPdient program.
Peak arers:0@BBBoNdingatouthibeisatytesisine adconte tisHeAMACAUR: sttreestatroe of the parent
compoung-teseaininglafians dshoersde fatisentuia e RMDivdele mrainingpistctibg eree Mpexpressed as
percent, ig.f6RAARAASPEMIcH RiabilitkRacrsein faallie-Artam natiome thabalidifdsis estimated
from the S'C}@mq t&;%lhnk@@delmagct@aqenmn&éomﬁmmggsgw\(,@o%a\@@ pgqmeqa@ammg (%) vs.

componepafs PiReTuding but. not m|t sts B ALL cells, B-cells,
T-cell€ Iéﬂ%ﬁﬁ 8"‘%‘“ Bi?ﬁcé"fﬁgﬂo‘\ﬂf é‘ff§s°819?5”i‘ﬁ%‘ﬁ%8‘ﬂ?e6° 'cf%‘ﬁ’éf °ﬁ‘r‘iﬁ‘f§dcﬁeﬂ§ﬁr‘5‘ RN ome positive
cells (Ph S eairpres s RYALS AR R YRSHSISPRERS aFEASER R SHOlFAinT e BReta ARl such as DMEM
supplemédasiad B5 TtfertaThopvimetisarcn azaiehtind aftiisti dsorasaetgrown to confluency. 1005641 In
order to anapde:thel etiect afemaldrmore compounds disclosed herein on Akt activation, said cells
are serunEaiMee oveEmighit fngiacthateshadinanerahmascenipaurdsdiseaseddgeain or about
0.1% E}Mb%%rtqgaﬁmm&mmyr& HNMAR IR ARR U A U REIBKLa, StiEualiaRyV iy nsuliRLRsg. 100 nM)
for about ], fsf;y %&93& h@%’ﬁm@&ﬂé grqn'x;?‘e RY.3HRRIAY | '!E&d?%&&l& hisisbuffer containing

detergents such as sodjup tegwx_ sulfat a nB ;_fmm hlbr!l%s icgl o %F&llAftchontactlng

tr Each retina is 0]
cells with &€ biTHer, the  sotution is bfi e?ly sonl ate B eantritigaton, resoved

SOS-P AR YRSl fet) by P BT 2t BT SN S ¥ ﬁﬁ”ffﬁﬁ?ﬁﬁ%‘i&%ﬁeh §aRitaHes to phospho-
Akt 5473d‘pﬁ%ﬁﬂf@“RFét’“FB‘GB"“A‘f&‘f“éFﬁ&yfg“&éﬁﬁ'ft@H“@@P%Ilﬁﬁ@%ﬁ%?&ﬂfégg‘m@%ﬂ The results
demonstiRNdENE D medion (Givre RiSnipdsachd-tf Trranplesise fediendl Galifecinthitiit Aisefin dtrmwitated
phosphondaiigh efiékdesit, 54 13 phltesnativellsesonre 200N pogHseksreli sul aseidiyereifinatditrmally inhibit
insulin 3%,sliulaiadbesphalyation oisiikatE3RSaSuehclassaf panperegDaaminhibit Alct more
effectivelyhan. [BRamyain adia.he ndicatve kT QREA[PhiRiGEs.OLiRh bitesgalspstream

kinases SHssue%ElmL%ﬁtgrﬁbs‘Acrtheém%%&ﬁgh&gf‘%@llm%lﬁ%w:ﬁégm QARG ke bkl d /mTor
S|gna|ng IS mea: L%fz |n oo l@ggéga% sfdog(y thod (Methods Enzymol. 2007;434:131-54).

The adsvantag 1S metho a“i's tant it'is by nature a S|n e cell assay so that cellular heterogeneity 40
can be dé‘['é’&‘té‘tﬁ&‘ﬂ‘i@fsfﬁaﬁ?%ﬁulatlon averages. This allows concurrent dinstinction of signaling
states in B8RSR ‘iﬂ\é‘fi’i’f‘éﬂ'%&*f"cfﬂﬁéﬁrﬁéfﬂéf%eebhb‘gﬂ&ﬁ%%%fgﬁlﬁf&ﬂﬁ?ﬁﬂ‘éﬂ&a To test
the effectsf b prrenGnventinme andiresel s At graietosdnyeriisiechamivactioration eyylfenocytes, or peripheral
blood monehuaieahents agsstineiated withdidkAd3stagint 0@t knitvate tieeel Redopisresignaling. The
cells ae thenfixecpadistained-{alsuipasmankarsmang miacaiyiniphasphagretejmendtds, expected
that inhibitgys, disclasgagiaia s hlbis iRV Resialednhosphe esencad-AM)RdédHand 56,
whereas AR 1'sb§,§a§@oeﬁ9§9n9@d§&9ﬁ AR-ERRRNGES AkkPhaRehevalivRupder the

ste

conditions te 5 [0056 7] Similarly, aliquots of whgle blood are incubated for 15 minutes with vehicle
(e.g. 0.1%DMS0) or kinase inhibitors at various concentrations, before addition of stimuli to crosslink
the T cell receptor (TCR) (anti-CD3 with secondary antibody) or the B cell receptor (BCE) using
anti-kappa light chain antibody (Fab'2 fragments). After approximately 5 and 15 minutes, samples are
fixed (e.g. with cold 4% paraformaldehyde) and used for phosflow. Surface staining is used to
distinguish T and B cells using antibodies directed to cell surface markers that are known to 10 the art.
The level of phosphorylation of kinase substrates such as Mt and 56 are then measured by incubating

the fixed cells with labeled antibodies specific to the phosphorylated isoforms of these proteins. The
nonitilation of celle are then analvvzead by flow eviiometry Evamnle 20 Colony Eormatinn AccAav



1005711 Peripheral blood cells are collected approximately on day 10 (pre-treatment) and upon
euthanization (post 35 treatment), contacted with labeled anti-hnCD4 antibodies and counted by flow
cytometry. This method can be used to demonstrate that the synergistic effect of one or more
compounds disclosed herein in combination with known chemotherapeutic agents significantly reduce
leukemicvalad:eel pounlsiesifompaines tad eationesiisyithnkiboie e krdindtiaPapuibiagents (e.g.
Gleevec)aleRg.iundes ithe, coandiipnsdastas Rxsmplaw bojdeataamiafshapastiseasestdadel Mice 40
[00572) Micedagkind.the ipQibiaryLecarih EHRIP halaaRases itdi-clonaingdnyBmeells develop
lupus Wit B PeRStanee.f LBk RLRackoul s, (RAKQ, Jankenn . shykale-AaRpHisLeg a vald
model of The human disease as _sé’r‘tﬁe upus atlenyts show decreased express| Qho’r% nction of
FeyR1Th Pebesssi Ahep it a e ralint SRR Sty i Tf‘“é’?afm%gmlld'ﬁ‘é)?é? 1&?1e K Eﬁremice develop
lupus-likebetl Sawd el RPBEMrARI @ik 285ereTeity BBrep st aherpietetitrad within about 4-6
months oheigdiestdp!thibs Brabryp Bydene 9ise 1hendaipudrwiinPE b dfegal ereRamo otk (hfrditaisiscffom LC 5
Laboratopies)igdigparg iedasn Chegs knt omnpbunere snddadhhnBtectd eraitne Thigasompdiand has been
shown to,amgliekaiedRusiSyoRianes southe B8R DICH-SIRRE Madeh ghss\ddclontiedingdiia INvest.
117:2}@655&3@. 1005741 Lupus disease model mice such as 1i2KO, BXSB or MLR/1pr are treated at
about 2 rgontq:z, 4%!%%%8{ Ximately for ﬁbso)yt two months. Mice are given doses of: vehicle, RAO0O1 at
about 10mMan Or CO pourﬁs%l closed Fmé,rein ata rox]ima,tel 1 m /kl%to al‘l), ut SOp mag/kg. Blood
and uriné“éﬁﬁ@?%?@%ﬁﬁgﬁT%ﬁnﬁf&?W%&%?ﬁ"&ﬁ%ﬁ%’ﬁ ﬁrdﬁ%fﬁ‘élafgs‘ﬁnéfﬁé?llol “and fested for
antinucleBlPaaRtrebaissorreirigohg! Srsétdnarisrigre tsmeshissistibre dreapine)e ssriEAiso tested
for anti-ssoM AesairchasyritaisTINReieriottfaectsvefty| Bavtifcatimafdha reswelsih AP efr $6¥AY 60 and tissues
harvesiediatdmheasusieacsp leenmweig b dadalvdneys disease v idhrensorieginirmas E8Sessed in kidney
sections siRinagawitstISE--Lthet apitrals aiRatundie chierakhoutdwscineaihsnafengsssation of
treatment, 4sinENESRME SPARLINES wLRINYRAR, bhis: BroReh aslablisbad-indhaaticande employed to

demonstrvaaggmthgetngga i},ftiyr]ase inhibitors disclosed herein can suppress or delay the onset of lupus
symptoms in ﬁﬂpus Isease model mjce. Example 42: Marine Bone Marrow Transplant Assay 100576]
Female rEMBRA it arsetPamy i adiated from a y ray source. About 1hr after the radiation dose,
mice &Pe IMREELCPORIER BT TR PRIk AR RRAL AT BRRT DS LSAT% PTBFIFA&IUCEd cultures (e.g.
as descriBel rrmertelsh PIaERbre Regarretk e cit s A e e e rf 251 wrse e Besnd sl Btninistered
together wathlavwadiopritectiveridosehaf BRpAEXHnms yiskpotynepmalionararadioiredits from 3-5wk old
donor miGgsifg@eipishisaissgivennaniiigtesprktne watdreandrmeniardad isesy. Mice who become sick
after aboygodeh Ry SR rpuithanizadoand mphpidotgans hapeesiae faplign cytaimetnreand/or magnetic
e””Chﬁ’s"e%&ﬁ%@.@?'ﬂ?%ﬁ%ﬁ&%@RQT@X&H&@é@u&am&gaaﬂﬂi@gw,%ﬁeiwnw& BaicayRasome sick, or
after a maximum of about 35 days ROSIUANSPIARL.AIMES, BTE-0iE 0B araLeRYAGRIRG- In @ 25 pilot
experlmeﬂt a do_se 0 cnh_emot er%gdeuglc that | not cu atlvtgatputt dtgla S Iguken}@e%gag&by about one
week or ISR AIEHS REWE OIS Sre ve f?:té{?weﬁéﬁé or treated w?t%éﬁe"r%_t erapeutic agent,
previous|§eERBHAFTR HeksiPet HOFRIREI SIEIRo SRR RO H&T ey Tiotatiiy SFaBSUt 70mg/kg
twice dailipjesPesr the first phase pl90 cells that express eGFP are used, and postmortem analysis is
limitecbeo [ersadh Eratisniofshenpdrvenitaeebnditect ket coditauhonGhreeavian PHVE, SSpierasst &g fymph node
(LN) by fleweayiainai . didmemmepons.phasecfikeored issthiatreiproissdbialtesstftpnrdf human 30 CD4
are used ARAIRERASHNALEH RAMYSEEINGH LR RINAgRkIGs PGy ifeddny aelisdftorsspleen followed
by immunehlokanalysis.Qf key.Sionaling.eagRini iR BRBARh AL 3 Rksand, RIERR-1. As
controls for immunoplot detection, soried calls aigdngubated in the presence or absence of kinase

. - an: 1S Or DIXE counts .
inhibitors Of the present disclosure. |£1h|b|tors before | SIS: dOQt'QQ}‘?JrlXﬁ bhasflow'" is used to detect p Alct
-$473 %fnd“?)ﬁg@_ pic) Vﬁ?éelcﬁ‘ﬂ%fﬁgf -mgz'ac e .rgecﬁén Witho tmf)rlolr's scg_rtlng.,These Si pgallgn %t dies are
particularfPagerirdfo B rERARpR T ER TS 'ﬁ\?%%‘%%’\??‘?é“?f%%eaees%fgﬁre‘@sﬁ% |?1ri86519 fetikémia at the 35
day time Beimplediptinoiteieletsibrsieserssi gl are generated and statistical analysis done according to
methods Ke&aaiNTs dive slirt: Resuttd frohripi9Qoteis e rdbrdigfradsepardtanhds! drell saksreidmtilatively .
[00577] Sampiesuetpeipphetadiinog {HO06286uldcardlabtairdccoveekbytfrio Paubdl sree:, nsd@rting on day 10
immediately i HalcOmMEnGiag tieaimetcPason isdtadslfesmeasting. degopneenteations, and
cells are apglyzam.ihlsusemiaAdmarkarsdeGRR.enCRE) pad.signaling hiemarkess as described

herein. [00R78) &F?%Qa@goqu knawn.ndheRmans Mseddaslamansiaie. ateffective

therapeut‘l"f:l doses-of the compounds disclosed herejn can be used for inhibiting the proliferation of
leukemic cells. -145- Example 43: Cell Culture of Epithelial Cells of Ocular Origin 1005791 Ocular
epithelial cells are obtained within 5 days postmortem post-mortem from corneas preserved under cold
storage conditions in Optisol (Bausch and Lomb, Irvine, CA) or from corneal biopsy from living donors.
The tissue is washed with phosphate-buffered saline and incubated in Dispase Il (Roche Diagnostics,
Basel, Switzerland) at 5 37C for 30 minutes, and the epithelial surface is gently scraped to separate
the epithelium from the underlying stroma. The separated epithelium is then incubated and pipetted in

trypsin- ethylenediaminetetraadetic acid to obtain a single cell suspension. The trypsin is then
naititralized with corneal anithelitim ciriltrire medinim Corneal enithelitim cirilftrire medinim ie comnncad




-146- PBS for 5 minutes each and preincubation with 2% BSA to block nonspecific staining, the
sections are incubated with anti-laminin 5, type IV collagen, perlecan, ZO-I, and connexin 43 (all at
1:100) antibodies for | hour. After three washes with PBS for 15 minutes, the sections are incubated
with a F1TC-conjugated secondary antibody (goat anti-rabbit or anti-mouse IgG at 1:100) for 45
minutes. Adiamtis rechiividitionalf BSayashesseaiohd e £0 mipotels athiearend bocntiterspiined with
propidiuniogide flkG0Mauiiechat3B3d2¢1aumi)shan mapsiadwitfuammatfasamglution and
ana'yzed&lxmﬂwwr@ﬁ%@&mg%aggg% 1'54191'59%&%#}@%%%&% PRIGIRS Phecaambak slides are

fixed in 4%sg arg Ior cald sx Y vax:xng5 Lgslél.terncaa ! Ra-lf-ida ngqrrﬁt(?f] E‘(@/d ormaiJehyrp mlﬂ%r;lcg Iggnnexm 43
antibodie® aSJUSt escri or |mmunoh|stoc emical stalnlnlgro K167, endogenous Peromdase

actwﬂﬁs"ﬁlb&'l?éﬁrﬂ?/ab“&’/Tﬂ";fast%ﬁgﬁe’ﬁ”%xﬁeEf‘or RGeS RO SR e S Ay Sheked by 1%
normal g&aeSERIPESTISH MHALAEE™ Cells are then incubated with anti- 10 Ki67 antibody (1:100) for 1
hour. Aft@xsmpdettEhEsohTHePB®Rodcb et dtsativalfssare incubated with biotinylated rabbit
anti-mous@ag>Tel:d G0)rfer 30hmrimptesisiglimwedtimintobatianrewitiy ABTndepgdumt 40ib39 minutes. The
reaction predueh iscdeveionecwihiAB.{ay tmisticsandaxamioathydightepicsaseapan Cell-Viability
and TUNEL ASSRYS-LOGRR C?Aa&%ll,m@gllmmtﬁ@rﬂym idepxwinQoyslgriidy) ansfarse-mediated

FITC- "”kefi.]d%%p%a% ¢SO0 @59“@%&%&5@@&%%{&%@&&8 geteyminglying and

apoptotic_cells, re Eectlve (?altv%smgrg Incubated with pr% waQJI ahs& Teagents for 15
minutes a0 PRATERALD ﬁr"é’m(fout"ngws Dy green ffuorescence staining ort e ce cy%plasm and

dead cell€®¥e stained with red fluorescence in the nuclei. The TUNEL assay is performed according to

the manufacturer'%gglus rujﬂmﬁ/s. Bigfly, cfoss-sectionB 8iiIET e grees %W‘?ﬁ‘%’%

paraforrnaldehyde or 20 (FiRiBite syatedz] and Feiheab q.wWiry T76 THom, x&outt)e § ples dre then

oute men

incubated for 60 £ 37C with éxogencus-FdTand| fuoredceip-c A Hegrat auTe A1 for repair
H 1 |1n|\| 4 A X%‘-i-fé-e—&ﬁ tigen O .
of nicked 3'-hydrexx-BNA-ehreds > reated witf) DNase¢ | as tfe b}ualt \/e con troI, Whe eas
1 O

negative control relld are infubated with ing the [TdT epzyme-—The apoptotic nliclei are
labeled with green fleiorescence. ﬁ'f"“n’%dpln 45e@el| Cliture of|Reting| Gélls 0058311 Eyes are cut in
half along their efuaor andgheneurarrefina is disse retkirom the :mwart ofithe eye in 25
buffered saline s-:rlutfom—at:cordi%g to stamdard meth §°I§ own.in th iefly, thmoedina,jciliary

body, and vitreous ate dissdcte away. Jrom the anterjor ﬁalf bf the ve in offe piede, 41 the retina is

gently detached fromn the ¢lgar \lt@gus Erentiperettng | d|SSOC|ated W |th“bap{|n (Woprthingtorn
ated cel

Biochemical Corperationitakewood, N.J|), followed by inactiyation \ | bovine serum (FBS) and
addition of 134 Kunitz units/nl df DNasel| The enzymatically fissoci S are friturated jand
collected by centrifugation, wesuspended jn Dulbeccois modified Eagleg® megdium 30 (DMEM)/F12
medium (Gibco BRtnvitrogemn tife-Technofogies, Carfsbad; Calif.) containing 25 gg/m1 of insulin,
100 gernl 9Js£4?fﬂsfreaﬁ,ﬂmaqs§9g%4 P%E%iﬁl%m;’\QJ IM.R8IRnNG, eZ&ademream%mﬁamw/ml of

penicilin {00 LG SYePRVE, G5 M EeRcs: and i A BS. Dissegialsslofimary retnal cells
are platetfoﬁ? i" BTsme éT é rankiin La es) coae ‘glas coversllps that are

placed in °2°4f9{)8ﬁ°ﬁ§’é?fé"6ﬁ’ftiﬁ‘f’ébﬁ1%{'tét % 3@ oSl @ PRSI AR Pwm ST dE e Pitsburgh, Pa.).
Cells are frrattaimbumfieatans XoF ?’H&yé"tﬁ‘bﬂﬁeﬁ?&?‘ﬁf? fﬁ‘ﬁ‘%@?ﬁf’?ﬂ"‘?ﬁbﬁ?ac(@éfﬁﬁﬁwlyﬁ&ce pt with
only 1% A®SFlae8h Sneisior 5o4n@S2 framiriND eytessh & SYSLIRAARsteriva88 TR BSetiffal neuronal
cells axe evdbdrad fouit MixiSyrandrdivweklevit thdprdise neecenteiahdgd ragmbintestrbarpiurds of the
present invigptiaR). andths.ealiseaks innadya ol ynimnainahisipchemistng: atBacktimepain
Immunocytoehemistiy aralysisis RoliRpsigd.aceRidingiaatandaickiachniguasdpemadibe art. Rod
photoreceplors 4%%&4&%%&%?&?%&@@ ww}@em%&ﬁl&ﬁ,eﬁlf@ ARk (mayse.monoclonal,

diluted 1:500; Chemicon,. Tem ntib weight ilame rabbit
poly clonal, di fu't’ec? ° rfg %r %%1%083?1 Ygglj%%?m fogﬁﬁgg ﬁggmgﬁ%% ?aﬁ%%%g%%%&gs tubulin
0

(0712ism‘lfﬁ%'é"}%bﬁaéglﬂ‘ﬁ’&'l‘“&ﬂtf?gd"fli B8 P D el S NS £ Weuse Yenerally
identify |n@ﬁ#%@‘éﬁ&‘ﬁ&ﬂ@ﬁ&ﬁr&%ﬂI%dd%ﬂ‘fﬁi°§‘H’[‘?b6&?§§%e8‘é{ﬁﬂﬁdﬁﬁefﬁ¢?ﬁ°f%efﬁ'ﬂbﬁfﬂ8w&lonal diluted
1:250, Chémioomtignekealhe it 2505sianbitcp b iy elonaltaness Soonmscrer éem) e used to
identify sphpeputatisesoiealdindinirandttakdtnif-diprésdinfemtenearsigsinHRRdvee i P9clear layer.
Briefly, thg setina heelheidiues ars dnaddmitvA%601 paraer majdahyded RelyssiapcrERMes \Warrington,
Pa.) agg/qr gthanel winsesinBOurcsas.phasphatehuiiaredsssling (IRPBSY.apoipcdgted with
primary antibody for 1 hour at 37 C. The cells are th g_rinsed with DPBS, incubated with a secondary
antibody (Alexa 488- or Alexa 568-conjugated secondary antibodies (Molecular Probes, Eugene,
Oreg.)), and rinsed with DPBS. Nuclei are stained with 4',6-diamidino-2- phenylindole (DAN, Molecular
Probes), and the cultures are rinsed with DPBS before removing the glass coverslips and mounting
them with Fluoromount-G (Southern Biotech, Birmingham, Ala.) on glass slides for viewing and 10
analysis. Example 46: Matrigel Plug Angiogenesis Assay. [005871 Matrigel containing test compounds
are injected subcutaneously or intraocularly, where it solidifies to form a plug. The plug is recovered

after 7-21 days in the animal and examined histologically to determine the extent to which blood
vaccale havve antared it AnainAnecneacic ic meaciirad hy Aarimantificatinn nf the veccele in hietnloaie




30 [00590] The vascular response is monitored by direct observation throughout the course of the
experiment using a stereomicroscope in mice. Definitive visualization of the corneal vasculature is
achieved by administration of fluorochrome-labeled high-molecular weight dextran. Quantification is
performed by measuring the area of vessel penetration, the progress of vessels toward the angiogenic
stimulus eussitimess 820 thenteisee bifftn ore stiehtoeachivtt gr Hihénellyintaberd i Mimisnis thasette a specific
(backgromache thrasholeki-36r[R0594 Lekhente sulit Rt axpanjaditonindiesteyone- ORI encarapounds
discloseq hiereinghal Rhibihandigasnssis paciRsedhus. axRegestapeaweful in treating ocular
disorderggglgieq aAReranl ar}@.l'9,99ﬁ%ﬂ%@pq/@nm&a&&s&m@@@%&wm@#&mrotlter plate
AngiogeoQesis ASS(&}/ ) e as pevesre repared b °‘f\:‘ acmg a6olla %Seg gén the bottom of
each well Wit &>t E8H° '°"I§1'é°? N Uug eac erol conta|n|n§ Cells. Each
collagen m&%@ﬁﬁ%ﬂwmﬁ#ﬁb@‘i’ﬁ‘fﬁ %ﬁ’éﬁ% iR BiteH &(ﬂié“' PV IP AT S ESPE T8 fifure use (1-3
days at FP@e/EMpEE2)utidheAendiipgsdsiafied with sealing. Test compounds are dissolved in 200n1
assay masatiplesitiRatbioaspiogTEyw 8l CuliekedimdpadAFGHRiposayve control and at least one well without
VEGF orest7carvnewdsnacregativecaapinak of hepsaaiplaits is the aoinedifeinataetmosbator and
storagg -GBS S SiHY RIRS IR 0 aYmASSAY: RS Bien BiRiRiNg dientast:sompounds are
pipeted qntg the Gollagen pl pm%sra'ml place B Ahhunidified JncHRAIRL ISR AGa b % CO2) 24-48
hours. Anglo enesis IS uan ifled b g 1t]he .nu m[l?e[J gsngngskmgagwmge@vg;grge sprout

length, of GStCHHTRG ete T (\"/r%esplrou 2 assay can be preserved for later analysis by -
removing*ife %&@%@&ﬁmaéﬂamwﬁﬁmﬁﬁf@?‘%&? %Prﬁhfde%tméee AR B EE LR well, and

storing asigeendapksults are expected to identify compounds that inhibit angiogenesis in various cell
types testend9inotelcimgoss isimihigatita basrigimdaE  anhpsisiaeed tpriRh Big b ol (BpMBSATB-cell
ActivatiorzsssaydOShRd)lr Eoniesidieteffesis ofdhendordpdundsiof the présentithadhbon in suppressing
T cell indgpendent aatibedwairaucion, the I RHigelB-celhactivatienassaydayas 1seshas described
herein. Com R&&F@%’J 408 RIESENINERIN0. 10neER dissak/oddnAnARRIOPuaSveRirlae.g. 5%

Fmetyl R aRae 85% Rolvethyleng, glycol 40014 006 SoIUiAR. GAmRQHILSHED, administered
orally approxi ma?e thr %e?ore TNP- Flcgfl treatmentt 1.‘ w%le&( %\d mice. T ms*t&g Y4k the effects of the

resServe
owm table:

comp&&n‘éﬂ%egr‘i"ﬁ‘%éﬁ“%ﬁ?/gﬁgﬁaf‘??YeHm Ve RIS grouped According to T
Group# I\?ﬂE@P‘@ﬁ’dﬂ?’@b?ﬁﬁt‘é&%&“@?&‘ﬁﬁeﬁﬂt@@ﬂc?me ?’nsﬁ'f‘a‘é?df@&ﬁ*ﬁéﬁﬁﬁwﬂahmmlstraUW from

day-Ito d&ciFic nefipy e Rputd inhigheed®eute Regimen 1 4 Vehicle Antigen only ip O
[00599] Knee and ankle joints were fixed for 1-2 days and decalcified for 4-5 days. Ankle joints were cut in half

longitudinally, knees were cut in half along the frontal plane. Joints were then processed, embedded, sectioned and

25 stained with toluidine blue. Scoring of the joints was done according to the following criteria:

Knee and Ankle Inflammation

0=Normal

1=Minimal infiltration of inflammatory cells in synovium/periarticular tissue

2=Mild infiltration
30 3=Moderate infiltration with moderate edema

4=Marked infiltration with marked edema

5=Severe infiltration with severe edema

Ankle Pannus

0=Normal
35 1=Minimal infiltration of pannus in cartilage and subchondral bone

2=Mild infiltration (<1/4 of tibia or tarsals at marginal zones)

3=Moderate infiltration (1/4 to 1/3 of tibia or small tarsals affected at rnarginat zones)

4=Marked infiltration (1/2-3/4 of tibia or tarsals affected at marginal zones)

5=Severe infiltration (>3/4 of tibia or tarsals affected at marginal zones, severe distortion of overall
40 architecture)

Knee Pannus

0=Normal
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Po . BID for 7 days 2 8 _ Antigen only 0 3 8 Compound #7 reference 30 4 8 Compound #53
Antigen + cmp 200 uL (0.5 mg/nil) 1 588

10

15

20

25

30

35

40

1=Minimal infiltration of pannus in cartilage and subchondral bone

'2=Mild infiltration (extends over up tol/4 of surface or subchondral area of tibia or femur)

3=Moderate infiltration (extends over >1/4 but < 1/2 of surface or subchondral area of tibia or femur)
4=Marked iqﬁ}tration (extends over 1/2 to 3/4 of tibial or femoral surface)

5=Severe infiltration (covers > 3/4 of surface)

Cartilage Damage (Ankle, emphasis on small tarsals)

0=Normal

1=Minimal=minimal to mild loss of toluidine biue staining with no obvious chondrocyte loss or collagen
disruption

2=Mild=mild loss of toluidine blue staining with focal mild (superficial) chondrocyte loss and/or collagen
disruption

3=Moderate=moderate loss of toluidine blue staining with multifocal moderate (depth to middle zone)

chondrocyte loss and/or collagen disruption, smaller tarsals affected to 1/2-3/4 depth

" 4=Marked=marked loss of toluidine blue staining with muitifocal marked (depth to deep zone) chondrocyte loss

and/or collagen disruption, 1 or more small tarsals have full thickness loss of cartilage

5=Severe =severe diffuse loss of toluidine blue staining with multifocal severe (depth to tide mark) chondrocyte

~ loss and/or collagen disruption

Cartilage Damage (Knee, emphasis on femoral condyles)

0=Normal

1=Minimal=minimal to mild loss of toluidine blue staining with no obvious chondrocyte loss or collagen
disruption

2=Mild=mild loss of toluidine blue staining with focal mild (superficial) chondrocyte loss and/or collagen
disruption A

3=Moderate=moderate loss of toluidine blue staining with multifocal to diffuse moderate (depth to middie
zone) chondrocyte loss and/or collagen disruption )

4=Marked=marked loss of toluidine blue staining with multifocal to diffuse marked (depth to deep zone)
chondrocyte loss and/or collagen disruption or single femoral surface with total or near total loss

5=Severe =severe diffuse Joss of toluidine blue staining with multifocal severe (depth to tide mark) chondrocyte
Joss and/or collagen disruption on both femurs and/or tibias

Bone Resorption (Ankle)

0=Normal

1=Minimal=small areas of resorption, not readily apparent on low magnification, rare osteoclasts
2=Mild=more numerous areas of resorption, not readily apparent on low magnification, osteoclasts more
numerous, <1/4 of tibia or tarsals at marginal zones resorbed '

3=Moderate=obvious resorption of medullary trabecular and cortical bone without full thickness defects in
cortex, loss of some medullary trabeculae, lesion apparent on low magnification, osteoclasts more numerous,
1/4 to 1/3 of tibia or tarsals affected at marginal zones

4=Marked=Full thickness defects in cortical bone, often with distortion of profile of remaining cortical surface,
marked loss of medullary bone, numerous osteoclasts, 1/2-3/4 of tibia or tarsals affected at marginal zones
5=Severe=Full thickness defects in cortical bone, often with distortion of profile of remaining cortical surface,
marked loss of medullary bone, numerous osteoclasts, >3/4 .of tibia or tarsals affected at marginal zones, severe
distortion of overall architecture
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3 6 10 78 30 88 60 15 (00594jFouranimalsin group 1, and eight animals in groups 2
to 7 were euthanized in CO2 2 hours after the last compound administration on day 7. Blood was
immediately collected by cadio-puncture and kept at 37C for Ihr to clot followed by overnight
incubation at 4C to allow the clot to contract. The following day, serum was collected by decanting and
centrifugationBate3€0@tiopKst 10 min. The collected serum was then frozen at -80C for future analysis.
[005951 Serusnsauanples were analyzed for anti-TNP antibody titers by ELISA as described herein.
TNP-BSA wag-2@isnaien ontemaNpimMaxsaykppiciaiten plajenaiibh Hogliaeliat a concentration of

1014/m1 in phogahate biffered.saling fRBnlalisoaxisarbhplatenviasimsubaiatiios kahours at room
temperature anrg 't?e Igtligp §/as removed. 200 gl/well of blocking buffer (e.g. 1% BSA in PBS) was
t

ace (medi a ]
addedito each wall'and incub ed 11r-at room tem erature/.“'l;he< 194%1‘% was fwaslilegf%enCE‘WIth 200

pliwell of PBS DBk PREEHFP IRL A sTivedd SR Hifkidn of Serdm Trom each mouse in blocking
buffer was adénsgieter B&eh well in the first column (1) of the mierotiter plate. The serum in each well 25
of column 1 weNiken difeteds@riottefinubleratin semitfolvmad fdued fotiehtifepoa rEfse ffAidh each well
of column 2 wastgiluted 3-fold in blocking buffer and added to column 3. The procedure was repeated
acrosgothe twelygsolumms:ef theemisraki e bgptaton vemiCroti i@ Eplasefamas! lndubaietkldar at room
temperature. @gg?m was removed from the plate and the plate was washed three times with wash

buter. 10p el ALASSLANEMANSAAARE AR diliied LaRdnlRgipsRulras added (o each
well and Incubated Thr a room temperature. gnti-mouse | ﬁl}%ﬁ was 30 removed from the
microtite BIXYE 478 IR S S Wa SR % imce):SAV\‘/"l'fr}E’I Was St%ﬂ oF BR? substrate (200 ul ABTS
-149- sohsGrre g PR bt R ] Rt AR AN AL AR tEne SeielREIrEPTYE pliwell, incubated
2-20 nfinutes thithivtiderk- BHePA® amount of anti-TN? IgG3 was determined spectrophotometrically at
405nm. SimilasyieamtisckfCobgi-ArantSeahahinti-TN? Ab were determined using anti-mouse IgM-HRP and
" anti-mouse IgsHRR Tespectivalyormal

[00601] The results as shown in Figure 3 demonstrate the effect of compound #53 at 10, 30, and 60 mg/kg dosages at

12 hour intervals on mean ankle diameter over time in a rat developing type II collagen induced arthritis model under
20 the conditions tested. Relative to the vehicle alone control or to the methotrexate control, the compounds of the

present invention exhibited a siginificant reduction in arthritis induced ankle diameter increase over time.

[00602] The results as shown in Figure 4 demonstrate the effect of mmpouﬁds #7 and #53 on ankle histopathology in

the categories of inflammation, pannus, cartilage damage, and bone resporption as previously described undgr the

conditions tested. The results show a significant reduction in one or more categories by one of the compounds of the
25 present invention (i.e. compound #53) under the conditions tested. Figure 4 further shows that at 60mg/kg, there is a

statistically significant reduction in all categories of ankle histopathology for one of the compounds of the present

invention (i.e. compound #53) under the conditions tested. This suggests that one or more compounds of the present

invention may be useful for the treatment and reduction of arthritis disease symptoms.

[00603] The results as shown in Figure 5 demonstrate the effect of compounds #7 and #53 on knee histopathology
30 under the conditions tested. The results demonstrate a dose dependent reduction in knee histopathology. This suggests

that one or more compounds of the present invention may be useful for the treatment and reduction of arthritis disease

symptoms. .

[00604] The results as shown in Figure 6 demonstrate the effect of the compounds #7 and #53 on serum anti-type II

collagen levels under the conditions tested. The results further show a singificant reduction at 10, 20, and 60mg/kg
35 dosage levels of serum anti-type II collagen levels for compound #53, suggesting that one or more compounds of the

present invention may not only be useful for the treatment and reduction of arthritis disease symptoms, but may also

be useful for the inhibition of; the autoimmune reaction itself.

[00605] The results as shown in Figure 7 demonstrate the effect of compound #7 at 10, 30, and 60 mg/kg dosages at

12 hour intervals on mean ankle diameter over time under the conditions tested. Relative to the vehicle alone control
40 or to the methotrexate control, the compound exhibited a reduction in arthritis induced ankle diameter increase over

time under the conditions tested.

Example 51: Rat Established Type II Collagen Induced Arthritis Assay
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1005961 The results as shown in Figure 2 futher show that under the conditions tested compounds #7
and #53 exhibit 5 3.4 and 6.5-fold reductions respectively in Ig03 levels relative to vehicle control mice
at a 30mg/kg dose level. Figure 2 further shows that compound #53 exhibits 29.9-fold reduction in Ig63
levels relative to vehicle control mice at a 60mg/kg dose level under the conditions tested, Example
50: Rat Densedp pinrger iy penthe@oliagenpimevcddArthntioRssal (0059Bin menderiiinsbildy the effects of
the compgusesef, thaipieeaineniinn iepfitnatialyRusngdispasemminiis:a da-aollagen induced
. developing arthatis-madalvasHaed: e Mrlekeis dafs were given collagen injections at day 0.
sovine i) ERISRMASBICRAREBRA AT MeliN e A0 A6RHGAGIL, Sy volmes of
collagen and Freund's incom fete adjuvant were emu dified By han ‘mixing until a bead of the
emulsifieB FAATEA ARSI Sri M e P E R B Eh A EERIE BB R e ni@ion of the mixture at
each injeearsHemE SprERtRFErERSis S I SIS SmEeArme B P8 #0898 £G4 compound
administratictiyvegaautrationsr® rendeincoh it reeirtivt @eps: Banforzatithvweebiéantd sicNmie jo8%% PEG 400,
10% Solute(ingvaomipayrtstisidhthenpiesont indentioreisf Mehialdiescontrol (e.g. methotrexate) at 12
hour intefqygisdaily aRatsiwey eivgighad-amdaay :Qndy, GeAnint i chcatipgrmaeastirenments of ankles
taken Qn Jaysor Sohicfe Bk R o wRlaiS e & dakeR AifHIRR e EHIMYS WeisRHiTaRized on day 17.
After euthanization, blood.was drawr OGDUGRES AhARGES WPl EIaKCR Riged s further

processed for pharmacokinetics experiments as well as an anti- 20 type!! cqllagen antibody ELISA
idkaer: L e e e e e e S e R i A
knees weteeaBEe Bk Av§Ph fGRERERE RSTSHERSESpy. Livers, spleen and thymus were also weighed.
Sciatic nd98] reresyisapsipar ifdrigvist® phat 6 Kgifican] oSG IR ers 2aklg daieter jeistes overdmméerd for 1-2
days andcoegaicifie difios chebddiyyidssinidedivtadiiendestt MhdTatfiton Fitudip aiticldemestaere cut in half
along thegfoiial plane id einiswe dmikenpraeessacs embesdatksseationed aigddbestairetkwith
toluidine Pl ReungrafiidoinisRs Sanepeeptingionibedaliowiag sritgiakanag and Ankle
Inflammation O=Narmal 1=Minimal infiltration of inflammatory cells in synoviurn/periarticular tissue

. . ommmune g1s€ases us. | . . . . .
2=Mild infiltration 303=Modgrat infiliration with moderate edema 4=Marked infiltration with marked

edema 5EEBREE iNHEATIOR With Severe edema Ankle Pannus 0=Normal 35I=Minimal infiltration of
pannu® il At GEEATFSeY8Rdral bone 2=Mild infiltration (<1/4 of tibia or tarsals at marginal zones)
3=ModereSipifiairrepeeteed I3 s w530 Pt riirenitad ik aadrEtheral g inetrn el 4<arked
infiltratiorretay@yatdod eliiianals cemrptihsafhelipeinad haYeer offealyr bromplissaferes fARTRLGH (>3/4 of tibia
or tarsalsiaifesies) atrosidfinatrgones. BeVesdnilistario ko of o vepal dlaifohited tur@):kKaigetd®iannus

CNormal shimMinimatinditiatiencaiapannus in cartilage and subchondral bone 2=Mild infiltration

(extends py&LURIRMARLRVLRGR.PTMRchondral area of tibia or femur) 3=Moderate infiltration

(extends fygt J4 but.< 112 of surface or subehoRekal agaab it emu. AcMasked infilration
v

(extends over 1 2'to 314 of tibial or feJTl%;al su ac? 55=Severe infiltrc%tlgg16 covers > t?z’/nAfopfrsurface)
Cartilage DEHh &5 IR FIE SRS RS SR Bn &R arsafs) ir.Norma FNinimalerninimal to mild loss of
toluidine BfHE BRI WRETE B 5oT5H L SRGHAP SR LY SP Y Sate B BCh T UL R Mild loss of
toluidine bteie stétinih gt feliPHAtIdEETPRT RS CRS aY BEY R SRR PO P RGBT disruption
3=Moder&estinBeermtie 40k siadto [Figird (oivbestamshhrvei i prv Nifoeainisofiedemec(deipth to middle zone)
chondroctr-dessanstoneotiageitis epeDomemal ks $argad Soad tiepiaiEntcedu@ o8 /4 tikaptiage paw
4=Markeqdzmatkediassaftaliidineduie siainingmithoridifosaiinadad (depthdodeapzane)

chondrocyje, Iasshoaad/RkcRARE disruolion o @ rare.shall darsals: haviedul shigkness loss of
cartilage §e=ssxge\é%£gi;severe diffuse loss of toluidine blue staining with multifocal severe (depth to tide

T L MR L SPHRER R RleN SEK 05, Dalnas, (K0S <P lRats on femora!

reaction under the conditions tested as measured by a lack of weight loss.

Example 53: Rodent Pharmacokinetic Assay
[00615] In order to study the pharmacokinetics of the compounds of the present invention a set of 4-10 week old mice

are grouped according to the following table:

Mice/ Compound Administration
e Compound from day-1 to day-7

Group#
group
treated (mg/kg) |Route |Regimen
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f.Normal 201=Minimal=minimal to mild loss of toluidine blue staining with no obvious chondrocyte loss
or collagen disruption 2=Mild=mild loss of toluidine blue staining with focal mild (superficial)
chondrocyte loss and/or collagen disruption 3=Moderatermoderate loss of toluidine blue staining with
multifocal to diffuse moderate (depth to middle 25zone) chondrocyte loss and/or collagen disruption
4=Marke&marked loks bf toluidine blue stainingiwith|multifpcal to diffuse marked (depth to deep zone)
chondrocyte loss ang/ar collagen disruption gr singlg femofal surfage with total or near total loss
5=Severe =severe djffuse lgss;of tgluidine bljie $tain ng. with myltlfocal severe (depth to tide mark)
chondrocyte loss ang/orcollagen ﬂi{sruption (¢Ta) ,gbonth eMurs or tibias 30Bone Resorption (Ankle)
(.:Normal 1=Minimal=small aréas af resorptign, not readily gpparent on low magnification, rare
osteoclasts 2=Mild= more Ny irom areas of{regporptjon, nqt readily|apparent on low magnification,
osteoclasts more numerous f tibia or tArsals at mardinal zonés resorbed
353=Moderate=obvious resorption of medullary trabecular and cortical bone without full thickness
defects itk Ropendsbibrpeseridtretianpradifseved Ban repivriaayehitle o rdWwshdgnification, osteoclasts
more nunpgfaidipik/45t6 pbistinfetibgiyol 4y setisSelffet tatlabinitrednally érie sod—ittarkadihFall thickness
defects inugriiicrl-hang.aftete widielistoutian.odoppofileiokiremainimecoK icmad Haadiaendked loss of
medullgry, Bone.. A MerRuSRsaslastSokiarsy ok difia R5iar salsaltnstdatmargipalzones

405= Sevgre Fullh%%p% S, dle feggs in cortical bone, often with distortion of profile of remaining cortical

surface, mar ed foss 0 medu %rg/ })on(seu n rous %ste§oclasts >§é4 a(sjg tg!ct))la or ar%als affected at
marginal SOHek KETa e GRS HON oF Sveralt aPcﬁT? e B Basamton knes) Cffonnal
1=Minimap=elise- GBI YHLS R B FOT PR RT BB SR 8H 8w magnification, rare osteoclasts
2=Mild=nithashEmmpinid: dredestafspesorption, definite loss of subchondral bone involving 1/4 of tibial Or
femorad siorfagicTirtediedsossate palpBrediourPareadhyit Baestmatiorkiv f Bapyairehedrelt Bendesinvolving >114
but <1/2 gfetikviabed famarangdihacasdmadiatoflateial Bhod iarkedsatebvib usapasetiptiedof subchondral
bone invalyingisike ik s 3igatdiRiakes fpmesal @uriacaimedigharctaterad) HAb=Srvere= distortion of
entire oin e o, SIUR 108, B Yol .z 4 aLibiakor Jemoral lace.maclel f algyah 1006001

Statistion A Ee 20RO W DG LN ALIC ParamelelSAnG Dsiopphelag porameters were
evaluate usl test or ot era grlate A 8’V Wit OSt test) wit s(ggnlflcance set at

the 5%° ?f‘@?n#éaﬁ%ésfé’{}’é‘lz "l DT ﬁyé“ﬁ P WG RC AR AT RS Ry ﬁli';fé tSifg the
following feMFREYSSETRMRSRIDRLR W’B?A?ﬁf%ﬁ)@%“méﬁﬁ’ﬁi%&@dﬁfﬁ%ﬁbﬁa“?ﬂ%féﬁ%??naI B=Mean
Treated -gdaémykictmbink@d6@IrinFhe results as shown in Figure 3 demonstrate the effect of
compoun@ss} Biakiple36), Candli@idngptg KISy BBi@ts hRdrewntsi rite fvkilst &¢E medwatanbdectvétmeter over
time in a edstig vialopipgubipe Hegalagrninaues grasihsitisgmp delamdan2e- fhasanditions iested.
Relatiyg tQBeMeNGE AR GO HEN-dadhe Methplraxaieceniioh R e-cRmpaLuds of the present

invention gxhipited omg'l;v&l&m%%.%'%Aﬂe,@ﬁmy&'ﬁaua%szggh@rms@ﬂm%@&a@gae,@p%m\eer time.

1006021 [he 1esiits o5 shiown,n Gighie, 4 demepsiile, he eiect afcan u,,%mj f;and #53 on ankle
hIStOpathOaPO mafh B mmatlon pannus cartllig ama e, an one resporptlon as

previously® %?FB%HW@T%@’&ES‘%‘M’B%?‘?@%{ Iy riydey IR S‘T’low T S|gn‘¥ic Att&Yuction in one or
more catéfsieady¥id’?the compounds of the 25 present invention (i.e. compound #53) under the
conditRSn$00622ietheigrerecitifermtbiest Smpwyaitisere s SO ikRg P recidlasiatistkeamysRinificant reduction in
all categosiesneignkienhisiopaiitholyy felre ohthle tompatmdstoflithe pibsenpmdnien 4.e.
compoungh#53) uhdernibe-cnadiiieRmiested. i hicissggastsrbiationeidamgreteompotges of the present
invention may.Re HEefidiiey thesksaineniancradretiokebamtiitndiseasemypopiomenitR6031 The
results as. SN0 ISR BSRORRIAR, B RTRCROLAAMOAMRCATANLARS 0R fies, histopathology
30 under {he conden <oicq. The. eouls demaniate.o foor deRIdsnLgglon n knee

histop hoiacr) IS suggests that e or more com ounds of the ent inventio may be useful for
the treatn’ﬂﬂ‘l‘f‘yéﬁ"l‘ﬂ"r’é’ﬂUE‘fFSh° &9 e fedianibed erkpsHe BEEALS SO G

collagen induced arthritis model.
(a) B-cell Assay
[60623] Mice are euthanized, and the spleens are removed and dispersed through a nylon mesh to generate a single-
35 cell suspension. The splenocytes are washed (following removal of erythrocytes by osmotic shock) and incubated with

anti-CD43 and anti-Mac-1 antibody-conjugated microbeads (Miltenyi Biotec). The bead-bound cells are separated
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1006041 The results as shown in Figure 6 demonstrate the effect of the compounds #7 and #53 on
serum anti-type Il collagen levels under the conditions tested. The results further show a singificant
reduction at 10, 20, and 60mg/kg 35 dosage levels of serum anti-type Il collagen levels for compound
#53, suggesting that one or more compounds of the present invention may not only be useful for the
treatmenfremdnbewid etio wieefaambmdtitscdl setss dhsyrmptitrtsolut reteiys tisonwatessefithio hetstisgBbition of the
autoimmuag de adkad itselfiod-0oueH tuifve Besidte: abnshedwitinifoiglysechdémonstkatdahe effect of

compoungfb4iink teedQrian BN e leRAGRE Akl LM Ui JRE S VRIS BRsMBBIbBbKIR Sigmeter over time

under thg angrm&ﬂmmmd Relafive mmmmqﬁb%mecﬁgnsg%y‘k&%%@%rm%aetye%ate control, the
compoynld c}thed a eagtéctlothQS rthyit s [ dugseetgcea? % g]l %gsr(lncreaseycogelgmena%y@der the
conditions es‘fe xam fe b1 Rat Esta K agen In ucede\rt ritis Assay -152-
1006061'Iﬁlet?c?éf“f’éwé“%rﬁeﬁ@ YIS HOLE e "waswe S P LB R ST L G the "B e%ent invention
in inhibitiR W rieerA Rtk t%ﬁﬁ@%‘%fé%f?&‘&ﬁé?f%ﬂﬂ&féﬁ%ﬁﬂé?ﬁﬁﬁ”ﬁ? V‘ﬁ%?@&%&bﬁ@ﬁed type 11
collagen Bhehlicaelesneddticcihitiba decesareetirreRonipercorthnittiste redomeftiyndinthfioretttdcdtolaiksfor 6 days.
[00607] Retvads dk@wis rats were anesthetized and given collagen injections prepared and administered

as deggribed 5 gyemtoassdy on day 0. On day 6, animals were anesthetized and given a second collagen
injection. &@iﬂ?%@@@éﬁrﬂmm AAERY tRicrdiseRE I AR e T ARde RS Wetg.performed on

day 9. OnL 2y 4 e BUDHIISBICAI O m@mafsge@g,siwgp%{ap%'rom-z-ssi, {fidratment groups.
Randomlzaton was pe orme a er ank omt swejll was o esta %Fsand there was good
en

evidence 3T bil é‘r‘%ﬁhdm Jeage " h0%0 ﬁﬁaé’ S ArimaT Was seﬁeecrfle or ERrsiment in thet study,
treatmenWé@%i’ﬂﬁféb‘aﬁVmé°8’PéISP?ftﬁéla%Hﬁﬁ‘5‘I‘§di‘ﬁ WéraRsRdPyarie fe e ritar @ Mrel) or compound
doses!twirbiigasignortibitiétie s fp(BiErwilehcrespusmretyfic BBE3isprrasd ansitisieledsifesys 1-6 using a
volume oéigvAtinn 1k (B3 evcompdrfl ¢p (169 Dehifyr cortnd! Sty b lorrspdRet apmice wveieg mistlboth RIZKAS 1-7 following
establishmshbohasttoitinmmng caltpe remeans i emenicofdapidespaken eved¢daye hicaldpeady weights
were takgRRA%Ih AN AOINAIS NEEEBrN RN BasP HROGAR] I b RIS 3 ROMA 4B krigidte 8 shows a

- significant redyction J&&gﬁg&%@&;ﬁm%ﬂ%%@g@yﬁg time for 15 compound #53 with a once daily
dosa a8 under thgl cog%tl du?e%t,?rgzr;tl;pﬁ results in Figure 9 further demonstrate a significant reduction

in mean ankle (5 meter ncrease over time for compaund 453 with a twice dail dosa e under the

condition Y ESSE T i SR ER T TREFEA é“%'rﬁ%"d??ﬁ’é“ﬂ‘fcfﬁés BrREE P RITINRSTE %’é tseful for the
treatmenPETIgHBARRI i eMsd admasarReshetzthing SVED &S FATIE S 2o A B S Ry e ATt Assay 20
Intrathecaf @atk Grerizc skt 03610} tsofitemdon fyStitatized & Bvwergt &y ReD- 290 g)dwere
implantedawiila radoinitee ihe catftit ceath edoiepa spfrecdaier ynpe jvbd sedliagimiadsuexcept those that
appearedienhavtuSRREQs Yool fetor abmasanalkiies (fewer than 5% of the total number) were used for
experimepbgdr Akl AMRINSLRLEORe- L0 hihlnoh dria I 2alirg falanadaindOlntisetpRric saline was
injected t m&q,n.m %?&Bﬁ&%.&ér nga&qm Eﬂr%@%ﬂ@aﬁ?&m@;@a,tmntmm] Lewis rats

were Immurghze?ﬂ) tf lﬁ7 0?]8\91110 blis] e‘r(\t”t 3%71 1S an om I uremE.E?s opanla IEI:IYQVnt F a?n day O
several day& & Qatheter | atlon n=6/g

rou fug (€.0. one er more compounds of the present
|nventlonbe’yo‘?‘%’ﬁFé‘féﬁk‘fFé&?ﬂ’iéﬁTm? GeFr er”ﬁf?‘%fgrted on day 8 and continued daily until day 20.
ClinicaP sigt637b it ermstied geriesrompirEgh rarmera i 1o R R aRmADy s yite Frfied &dery second
day by wétereispraednfBKs phétry simometry. 30 [00613] The results as depicted in Figure 10 by the
average qvarsyaviilepaasreotoniodinind ef the erdos agetiegrvdssithoateddehowdiradundérthe conditions
tested, cQBIRAUPAASRiIR DS & daserepeaident 4e puGtan,) niha awerREGa P ANmIRgaRease as
measuregy i hisadiyanhintuced it lisdaetelsysiemnihesetasisruggashthahanaor more of
the cofmp, nugg&%mrBa?ﬁgmdmwmmm A{EQEEUJ&]GJB&H&@HJJ&P&W@% Abdiare of the diseases

or condltlons descrlbed hell' %LQQ@ 4 'lq su Its as ecplctedfu;l ure 11 Snowy th@t compound
d tm
#53 does RSt aRib T TSty or Glher & verosé)wrlg%l%zt‘}g?l tnder the conditions tested as measured by a

lack of w@RTIBEE “@Q‘ﬁ?ﬂﬁ?@%@f‘ﬁw@ﬁ?%%ﬁ%ﬁﬁ% & KE5 8% 15/ In order to study the
pharmacokinetics of the compounds of the present invention a set of 4-10 week old mice are grouped
according to the following table: Group# Mice/ group Compound treated Compound Administration
from day-I to day-7 (mg/kg) Route Regimen
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CLAIMS
WHAT IS CLAIMED IS:

1. A compound of Formula I:

| 5 ' . Formula 1
or a pharmaceutically acceptable salt thereof, wherein
w,'is CR orN;
W.'is CR” or N;
W2 is CR°orN;
10 W,*is N or CR;
W, is CR®, CHR®, or N,
wherein no more than two adjacent ring atoms selected from W,!, W,2, W,%, W,*, and W, are heteroatoms;
Wy is heterocycloalkyl, aryl or heteroaryl;

B is alkyl, amino, heteroalkyl, cycloalkyl, heterocycloalkyl, or a moiety of Formula II;

R‘l

(R2)q
>

Formula II

15

wherein W, is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl, and
q is an integer of 0, 1, 2, 3, 0or 4;

20 X is absent or is (CH(R®)),-and each instance of z is independently an integer of 1, 2, 3, or 4;
Y is absent, - O-, -8-, -8(=0)-, -8(=0)-, -N(R’)-, -C(=0)-(CHR’),-, -C(=0)-, -N(R*)-C(=0)-, or -N(R’)-
C(=0)NH-,-N(R*)C(R®)-, or -C(=0)-(CHR®),, wherein when W, is N, no more than one of X or Y is
absent; '
R' is hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl,
25 heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxy,

nitro, phosphate, urea, or carbonate;
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53 1006161 Compounds of the present invention are dissolved in an appropriate vehicle (e.g. 5%
1-methy1-2- pyrrolidinone, 85% polyethylene glycol 400, 10% Solutor) and administered orally at 12
hour intervals daily. All animals are euthanized in CO2 2 hours after the final compound is
administered. Blood is collected immediately and 5 kept on ice for plasma isolation. Plasma is isolated
by centrifuging at’S00Lristrrddiyl @kenitatiosy!Heaivdistcltptaginekis, frozerialiot. phasmacokinetic detection.
1006171 The restitsaaracaxpesieahio demonslraidthalphaanaso kilelitiparametasshsuety as
absorption, distripytign, metabolism, excretion, and toxicity for the compounds of the present invention.
1006181 Example 54: Basotest assay 10 [006191 The baseotest assay is performed using Orpegen
Pharma Basotedt ighigesmiatotiaparimiayhaauideease drakhhelivatenidritrimstiomimsund or solvent
at 37Gfor 20minuBlenddgithenamduidatedrwith assay kit stimulation buffer (to prime cells for response)
followed by allergeps (ghust mite extrac rass extrac Eo 20min. T{n_ ql%%r ulation process is
stopped by incu at{igﬁ’éz?r?%‘%uo%“ n)é??ﬁléirgég F%? e ?’h%a?é 15%%%%1“5‘"\ é%’é y?v?th% %?—’ gE:PE to detect
basophilic granutsCIBEC Rl Sty BB ErrrEidd TR APy S5t G Cop ot B 2 &4™8n activated 15
basophils). AfteresiririgifecPood cells are lysed by addition of Lysing Solution. Cells are washed,
and analyzed:y flow e mEt-HOmRRUNES A0 BT Whende siedldytis.agsay inhibit allergen
induced activation of basophilic granulocytes at sub micromolar range. 1006201 Example 55:
Combination use of P13Kb inhibitors and agents that inhibit Ig‘E production or activity 1006211 The
compBunds of tHe PrESEMRAMISHERIAIHHY BESSERTLY STt B additive efficacy when administered in
20 combination with agents that inhibit IgE progtuctior} or activity. Agents that inhibit IgE production
include, for example, one or more of TEI-9827 : _B
2-(4-(6-cyclohexyloxy-2-naphtyloxy)pheny; zoic acid, rapamycin, rapamycin analogs (i.e.
rapalogs), TORC I .inhibitors, TORC2 inhifaj .Qther compounds that inhibit mTORC | and

Omalizumab and TNX-901. 25 1006221 One or morezof theysubject compounds capable of inhibiting
PI3K8 are efficacious in treatment of autoimmune and inflamn&tary disorders (AlID) for example
rheumatoid arthritis. If any of the compounds causgs.@nndesired level of IgE production, one may
choose to administer it in combination with an agent that inhibits IgE production or IgE activity.
Additionally, the administiatianfm 3166 @nid KBy inhibitors of the present invention in combination

with inhibitors of mMTOR may.a Bition of the PI3K pathway. 30
Various in vivo and insvitro odels mig such combination treatment
on ADD including but mqQth 1 a gyﬁb) in vivo TNP assay,
and (c) rodent collagen ing $231 Mide are euthanized, and

suspension. The sprfiocyte y
incubated with anti-CD43 an aCy} body-conjugated microbeads (Miltenyi Biotec). The
bead-bound cells are separﬁéd -158% from G’htwmd cells usinda magr%%ic cellg\er\;gr. The
magnetized column retains the unwanted cells anti thfe resting B cells are collected inthe flow-through.
Purifiégl B-cells are stimulated with Fppogeksaccharide or an anti-CD40 diatibad{i and interleukin 4.
Stimulated B-cells are treated with vehicle alone or with PI3K6 inhibitors of the present invention such
as compound 53‘WifheaﬁePWnﬁQﬁS{ﬂimTefﬁ°mHFbYl‘6r% such as rapamycin, rapalogs, or mTORC1/C2 5
inhibitors. The results are expected to show that fn the presence of mTOR inhibitors (e.g., rapamycin)
alone, there is little to no substantial effeckén IgG and IgE reg@nse. However, in the presence of
PI3K8 and mTOR inhibitors, the B-cells are expécten;to exNibit a decreased IgG response as
compared to the B-cells treated with vehicle alqne, and th} B-cells are expected to exhibit a decreased
IgE response as compared to the respongRéfrom;tellsitreated with PISK8 inhibitors alone. 10(b) TNP
Assay [00624] Mice are immunized with TNP-Ficoll or TNP-ICHL and treated with: Vehicle, a PI3KS
inhibitor, for example, compound 53 of the present invention, aff mTOR inhibitor, for example
fapamycin, or a P13K8 inhibitor in combination withkafemilT OR inhibitor such as rapamycin.
Antigen-specific serum IgE is measured by ELISA using TNP-BSA coated plates and isotype specific
labeled antibodies. Thisexpectettithas micentratited with an mTOR 15 inhibitor alone exhibit little or no
substantial effect on antigen specific IgG3 response. and tistically significant elevation in IgE
respoznose as con’(’l’[:)aqrje‘f"dp Tor ugﬁﬁgﬁ?ﬁel ggﬁ"t%fuﬁc}geﬂ%%r&%%gt%% that mice treated with both PI3K8
inhibitor and mTOR inhibitor exhibit a reduction in antigen specific IgG3 response as compared to the
mice treated with vehicle alone. Additionally, the mice treated with both PI3K5 inhibitor and mTOR
inhibitor exhibit a decrease in IgE response as compared to the mice treated with PI3KS inhibitor
alone. 20(c) Rat Collagen Induced Arthritis Model [00625] Female Lewis rats are anesthetized and
given collagen injections prepared and administered as described previously on day 0. On day 6,
animals are anesthetized and given a second collagen injection. Caliper measurements of normal
(pre-disease) right and left ankle joints are performed on day 9. On days 10-11, arthritis typically

neetire anAd rate are randomi7zed into treatment Aarorine Randomi7zatinn iec nerformed aftar ankle inint




[00628] While preferred embodiments of the present invention have been shown and described herein,
it will be obvious to those skilled in the art that such embodiments are provided by way of example
only. Numerous variations, changes, and substitutions will now occur to those skilled in the art without
departing from the invention. It should be 35 understood that various alternatives to the embodiments
of the invention described herein may be emplo racticing the invention. It is intended that the
following claims defme the scope of the invefi at#nethods and structures within the scope of
these claims and their equivalents be covered ther py CLAIMS WHAT IS CLAIMED IS: 1. A
compound of Formula!: 5Formula 1 or a pkt )@cceptable salt thereof, wherein W"E is
CR3 or N; Wa2 is CR5 or N; W, ,E is CR60r N; 10Wa4 is NYOT Cle; Wb5 is CRE. CHRs, or N, wherein
no more than two adjacent ring atoms selected from Wal, WWaVa3, W"4, and Whs are heteroatoms;
Wd is heterocycloallcyl, aryl or heteroaryl; B is allgfluiaming, heteroalkyl, cycloalkyl, heterocycloalkyl, or
a moiety of FQumula, tl.hon (RAG Hormuadl wiessin Wigs, asdopeiergand-betaiasyeleglkyl, or
cycloallcyl g( és_(?jwnteger of 0, 1, 2, 3, or 4; 20X is absent or is -(CH(R9))z-and each instance of z
is mdependen y an integer of!, 2, 3, or 4; Y is absent, - 0-, -S-, -S(=0)-, -S(=0)2-, -N(R9)-,

-C(= O)s(CHRQ)eop&(s@}ﬁ(ﬂi)(ﬂ@?d@(&@)emor C( O)NH- -N(R9)C(R9)2-, or -C(=0)-(CHR9)1, wherein
when WO is N, no \prs )6or Y Z_ i (lxﬁ gr&g%@lkﬂc_&eteroallcyl alkenyl,
alkynyl cycloal Q%ﬁ% eroary eteroaryTaIkyI alkoxy, amido, amino,
acyl, acyloxy, al @ﬁr@oﬁ&] |do halo cyano hydroxy, nitro, phosphate, urea, or carbonate;
R2 is alkyl, hetergali.alkandapbenylis ey clegat e, Hetergeygloalkyl, aryl, arylallcyl, heteroaryl,
heteroarylallcyl, alkoxy, amido, amino, acP/I acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano,
hydroxy or nitro; Wy s bioligRt SRS AET Sikeny 1, allcynyl, cycloalkyl, heterocycloallcyl, alkoxy,
amido, amino, acyl, acyloxy, 5sulfonamido, halo, cyano, hydroxy or nitro; R5, R6, R7, and R8 are
independently hydregemnpdildczkatioyls I82-05alkenyl, C2-05alicynyl, C3-05cycloalkyl, Cl-C4heteroalkyl,
ClI-C4alkoxy, Crcamido, amino, acyl, C1-C4acyloxy, j1- C4sulfonamido, halo, cyano, hydroxy or nitro;
and each instance of R9 is independently hyq;pgen #-Cloalkyl, C3-C7cycloalkyl, or .
C2-C10heteroallcyl. Wd orwd 15Formula VEgrmfa VI Anfhe compound of claim 1 of Formula VII:
Formula VIl 5. The compound of claim 5 wits ;s NJ&)& The compound of claim 1 having a
structure of Formula VIII-A: -157- W, be; X

|
Y.
~ W,

Formula IX
ora p};armaceutically acceptable salt thereof, wherein
wherein W,' and W,2 are independently CR® S, N, or NR?, and W,’ is independently CR’, S, N, or NR*
15 wherein no more than two adjacent ring atoms are nitrogen or sulfur, and when W,'is S, one of W,? and
W,*is N or NR%; '
W,’® is CR®, N, or NR%; ‘
B is alkyl, amino, heteroalkyl, cycloalkyl, heterocycloalkyl, or a moiety of Formula II;

R1
@ (R¥q
>

20 Formula II
wherein W, is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl, and
q is an integer 0of 0, 1,2,3,0r4;
W, is absent or is a heterocycloalkyl, aryl or heteroaryl moiety;

X is absent or is ~{CH(R®)),-and each instance of z independently is an integer of 1, 2, 3, or 4;
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Formula wherein X is absent and Y is -0-, -S-, -S(=0)-, -S(=0)2-, -NH(R9)-, -C(=0)-(CHR9)1-,
-C(=0)-, -N(R9)(C=0)-, or -14(R9XC=0)NH-; 50r Xis -(CH(R9)),-, and Y is absent; or X is -(CH(R9))1-,
and Y is -0-, -S-, -S(=0)-, -S(=0)2-, -NH(R9)-, -C(=0)-(CHR9)z-, -C(=0)-, - N(12.9)(C=0)-, or
-N(R9)(C)N1-1-,; each instance of z independently is an integer of 1, 2, 3, or 4; and, Wd is bicyclic aryl
or bicyclic heteroaryl. D0FabntoMpSurfd-eT-ForPrlaNR)- Fﬁ@?ﬁh(ﬁﬂﬁ)orﬁ(ﬂ)arm&’dé{n@akby acceptable
salt thereoRmiheramH-, NwHERSN dAcang(¥ad.are independently CR5, S, N, or NR4, and W: is
independently CR/, S, N, or NR4 15wherein no more than two adjacent ring atoms are nitrogen or

sulfur, and when WP PEET i PRPAIH RS RECH st R e R v b rss: "5redikyl, amino,
heteroalicyl, cyclbARYY sty ABEIITIEr Y hitHety ke R (ﬁ%)‘@(%?ﬁ@fﬁmla Il wherein
We is aryl, heteroaniyb; heterocycloallcyl, or cycloalkyl, and q is an mteger ofO 1,2,3,0r4;Wdis

absent oris a heﬁero%gllp Ikz)ﬂ(yl rl¥l Of q%% gg%lﬂ@p;ggbé&&gr% lea ete(,g )1 -and each

instance of z inde IS an |nte er of! -N(R9)-,
-C(=0)-(CHR9)1- g“é’fﬂ k -N‘(ﬁ?@s““‘dﬁja‘“‘“°’aﬁ(ﬁ°§’)°"c’5(‘”851<ﬁéf ‘(ﬁé’ S’?E‘Z’h"ﬁ%“’ § "ﬁﬂ gaﬁﬁi’rogen alkyl,
heteroalkyl, alkefi{: Bﬂ?&‘g}ﬂ‘ﬁméﬁ/@fdé[ﬁ?ﬁ)f‘t%eterocycloalIcyI aryl, arylalkyl, heteroaryl, heteroarylalkyl,
alkoxy, amido, amniRQy RN RAYIRGY AlKR¥Y CRIRAAYVI-SHIRNAMIONRAiGY #f, RydieMsHor nitro; R2 is

alkyl, tbeteroallql,sﬁ}mrgxb %llkyc'iléﬂo gy&{g@[}%[upeterocycloalkyI aryl, aryialkyl, heteroaryl,
heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano,

hydroxy, nitro, phospha{s ieeencrdahbatitk C-CsalkenyhCiCiriinpgerGsetlkaliicefy|, alkynyl, cycloalleyl,
heterocyclogieydaiatkoxy, amido, amino, acyl, acyloxy, 10sulfonamido, halo cyano, hydroxy or nitro;
R4 is hydrogen, agyl,C2 Q5a|ken |, C2- 05a 3-05¢ycloalleyl, o 4het k I R5, le, and
R8 are mdepend%n yaﬁ%rgﬁ'én%‘?e@fj?f" é hy %VC% a{ “H5C cc‘fé?k
CiC4heteroalkyl, @Sfrotpicak koke ey Ztﬁﬁ‘i‘?ti'& i (‘C?Eyé‘?i‘%&g S@f"@ﬁ@t‘hﬂi a‘i’ﬁlﬂo halo, cyano,
15hyd¥oxy or nitrydarrdreirsheidstance of R9 is independently hydrogen, Cl- CIeaIkyI C3-C7cycloalkyl,

or C2-Cmhetero 0 -bavingastucite selested fram the group
consisting of: (O %%/%%%ch%V\%g@gg%qWﬁ%ngRz ggﬁiysﬁ8 (||) W2 is IgI))IlM ‘Wa2 is CR', W:

is Cle, and WbS IS CHRS;Wai is NRS; W.2 is CRS, WAS is Cle, and Wbs is N; (iv) W.1is NR4, W,2 is

CRS5, W.4is Cle,a 8 gﬂ“?@&?%d Wg%%, S‘j&fz‘t@m%%g‘ mg{{} 8 stMQ’EaL%Qle (vi) W2 is

NR4, W,2is N, W ar

, s N ZW b5 is N; WA'
is NR4, W,2 is N W ‘é"}‘yi‘Z’é ah&l'\/\fb%( i’s N A TS I22 }%15 gﬁé‘v&? El%apd Wb5 is
CRE: 3% Wis NF%; 505 (9 MR Ni: Fis R %d‘* S“fé"&kfﬁg &) %df?@m&‘%i‘é i§ERr5, W4 is N,
and Wbs is N; (xﬁ!)CWé ONFRAYNYD RETRE, AN W kis GRieP/ W s NFE"’”OHH)‘W% Wity Bk CR5, W is
N, and Wb5 is CRE; 0d W, WRHS &) \W2 mﬁwﬁsm&% W Neand WIEECRS: GHRBis [9RV) Wi 1si6RS| W2 is CRS5,
W"4 is N, and W isNNanpwi) iVERRS &) W2sSIC R, iR IS isan entiinSid 51K WOWRV R f3sN, W2 is CR5,
W:is S, and Wbis GRENMIWVR NENMY %, 1% 63 iMred, 18,55 1:aack WDE MRS, (Xix)WY 2 is N, W2 is
CRs, ¥¥ is S, and V5 iSNad09 VWAHE D) WRiis, GRR. WY is S nand WSS MW (IC WA is CR5, W2
is N, W:is 8 and W "51§m§wb 5 is NR®; (ovif) W, is N, W,2 is CR®, W,* is S, and W,® is CR%; (xviii) W,' is N, w,2
is CR®, W, is 8, and W, is CHR?; (xix) W, isN, W,2isCR%, W, is S, and Wy’ is N; {xx) W, is N, W2 is
CR®, W,' is S, and W,® is NR®; (xxi) w;‘ is CR®, W,2 is N, W,* is S, and W, is CR%;
(cxi) W, is CR®, W,2is N, W,* is S, and W, is CHR®; (xxii) W,' is CR®, W2 is N, W,’ is S, and Wy’ is N;
30 (exiif) W' is CR®, W2 is N, W,* is S, and W,,® is NR; (xxiv) W,' is S, W, 2 is N, W, is CR”, and W}’ is
CRY; (xxv) W, is S, W,2is N, W, is CR’, and W, is CHR®; (orvi) W, ' is S, W, 2 is N, W,' is CR, and W}’
is N; Cowvif) W, is S, W2 is N, W,* is CR’, and W, is NR?; (axviii) W,' is CR®, W,% is N, W,* is NR?, and
W, is CRY; (xxix) W,! is CR®, W, 2 is N, W, is NR”, and W,® is CHR®; (xox) W,' is CR®, W2 is N, W, is
NR*, and W, is N; (xxxi) W, is CR®, W2 is N, W,* is NR*, and W,* is NR®; (xxxii) W,' is CR®, W, 2 is
35 CR®, W,% is S, and W, is CHR®; (xxxiii) W,' is CR®, W,2 is CR®, W,* is S, and W, is CR®; (xxxiv) W,' is
CR’, W.2is CR®, W, is S, and W, is N; and (xxxv) W,! is CR®, W7 is CR®, W, is S, and W, is NR®.

9. A compound of claim 7 of Formula X:
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(xxi) W8'is CR5, W2 is N, W: is S, and Wbs is CHRS; (xxii) W2 is CR5, W2 is N, W; is 8, and WbS is
N; 30(xxiii) W2 is CR5, W,,2 is N, W; is S. and Wb5 is NE."; (xxiv) W2 is S. W2,2 is N, W: is Cle, and
Whb5 is CR8; (xxv) W2is S, W2 is N, W,4 is Cle, and Wb5 is CHR8; @ay Wai is S, W2 is N, W: is
CR9, and Wb5 is N; (mil) wv,,"is s, vg; is N, W; is Cfe, and Wb5 is N128; (mill) vi™ is az', W2 is N, W: is
NR4, and WbS is CRS; (XXiX) WA'is CRg; WaSas N, W: is Nie, and Wb5 is CHRS; (xict) W2 is CRS.
W,2 is N, W; is NR4, and Wb5 is N; (xxxi) W2 is (JR5, is N, W: is NR4, and Wb5 is NR'; (xxxii) W2
is CR5, W,2is 35CR5, W; is S, and Wb5}§" xxiil) WA' is CR5, Wa2 is CR5, W: is S, and Wb5
is CR8; (xxxiv)W; is CR5, W,2 is CR5, is S. bS is N; and (xnv) W2 is CR5, W2 is CR5, W; is
S, and Wbs is NR'. 9. A compound of clai la X: Formula X 10. The compound of claim 9
wherein le is Craialkyl or C3-050ycloalk)ﬂ.711. The comqound of claim 10 wherein le is methyl or ethyl.
S12. A compound of claim 7 of Formula XI: Formula Xl 13. A compound of claim 7 of Formula
MIl: Wd 10Formula Xl 16. The compound of claim 15 Wwdrein R7is -1-1, -CHS3, -CH2CH3, -CI',, -Cl
or -F. 17. The compound of claim 1, 2, or 7 wherein 125 is H, -CN, -NH2, CI-C4allcyl, C1-C4alkoxy,
-CF,, NO2, or halo. 18. The compound eéekaim 1, 2, or 7 wherein R5 is H, -CH,, -CH2CH3,
-OCH3, -OCH2CH3, -CF3, or halo. 519. The compound of claim 18 wherein R5 is H, -CH,, -00-13,
“CF,, -Cl or -F. 204, e ComRayae.eb i, kol WhgH IR 18 dRdyr N, -NH2, C1-Caallcyl-CF3,
NO2, or halo. 21. The compound of claim 20 wherein"126 |si-r, -CH,, -CH2CH3, -0C1-13, -OCH2CH3,
-CI',, or halo. 22.1TH&cconppodntteiclaire2 Rilrerein #2655 H, -CH3, -OCH3, -CF,, or halo. 1023. The
compound of clalgn } 2, 0r Zé)g/fgere}rgf 07 i%?s -CN, -NH2, CI-CalkYl, ClI-Calkoxy, -CF3, NO2, or halo.

land

24. The compourid of GIRIM 23 wherein R7 1 H, -CH,, oCli2CH3, -OCH3, -OCH2CH3, -CF3, or halo.
25. The compound of claim 23 wherein R7 is H, -CH3,{|-00-13, -CF3, or halo. 26. The
compound of claim 1, 2, or 7 wherein R7 is H, C28C4alkyl, C1-C4alkoxy, -CF,, NO2, or
15halo. 27. The compound of clag in Ry'is H, -CH3, -CH2CH3, -0043, -OCH2CH3,
-CF3, or halo. 28. The compound of clay , ngvsvoherein Xis -CH,. or -CH(CH3)-.

29. The compound of claim 28 wherein -CH(CH3)- is iff an stereochemical configuration.

30. The compound of claim 28 wherein -CH(CH3)- isin a (R | stereochemical configuration. 2031. The
compound of claim 1, 2, or 7 wherein Y is absent, -0-, -NH(R®)-, or 32. The compound of claim 31
wherein R9 is methyl or hydrogen. 33. The compound of claim Wa2, or 7 wherein X-Y is -CH,-N(CH3).
34. The compound of claim 1, 2, or 7 wherein X-YégmkR)xCH(CH3)-N1-1-. 35. The compound of claim
1, 2, or 7 wherein X-Y is (R) -CH(CH3)-NH-. '

13. A compound of claim 7 of Formula XII:

RS i
B
N/
N ! ’k
\ .
S Wbs )’(
Y-
\Wd
10 Formula XII

14. A compound of claim 7 of Formula XIII or X1V

o 0
RS
_B B
/ N . ‘q“\N
iji\,:kx S N/kx
! !

\ \
Wy Wy

Formula X1II Formula XIV

15. The compound of claim 1 or 2 wherein R’ is -H, halo, alkyl, alkoxy, or cycloalkyl.
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2536. The compound of claim 1, 2, or 7 wherein Wd is 4-amino-1H-pyrazolo[3,4-dIpyrimidin-1-yl,
6-arnino-9H-purin-9-yl, 7-amino-2-methyl-2H-pyrazolo[4,3-d]pyrimidin-3-yl, or 6-methylenyl-
9H-purin-6-yl. 37. The compound of claim 36 wherein Wd is pyrazolopyrimidine. 38. The compound of
claim 37wherein the pyrazolopyrimidine is of Formula al: ,-N R12 wherein R" is H, alkyl, halo, amino,
amido, hydroxy, of. lkosypamtbiRI4E ik Mheadk i, indky ik, dlkaiiy]¢ralesl anl, heteroaryl, heterocycloalkyl,
or cycloalkyl. 39. The compouynd of clajm 38 of Formula V1-A; R" 5Formula VI-A 40. The compound of
claim 38 or 39 Wﬁ-l(;ér%ﬁ'_cﬁ'.’p%"s"lda(’rncllﬁg J4 T %hggnm%pgﬁﬁ' ore aﬁﬁf‘ﬂ'ﬁ?{j‘%ﬁ'&ﬁﬁg}%ﬂ% 5 alkyl,
amino, heteroalkyl, heterocycloalkyl, or cycloallcyl. 42. The compound of claim 1, 2, 7, or 39 wherein B
is a moiety of Forf e ¢pmPetndREFEImA. Roxiherdn RHeeifHy € FsCily tORBte RSB P ST aradgicloalky |, or
cycloalkyl, and a js a, inteder of Dot ARl A3 e eaMmppURd o claim 42 wherein Wo is aryl or
heteroaryl. 1544. The compound of claim 42 wherein W. is"phenyl, pyridin-2-yl, pyridin-3-yl,
pyridin-4-yl, pyriraédithebeoyipaond irfridin-Doyd whyeinblirHS- G, OHp\TaGitic-Ql-Ci8koTheCBoNtpaund of claim 42
wherein Wt is heterd®cloalkyl or cycloalkyl. 46. The compound of claim 45 wherein Wo is cyclopentyl,
cyclohexyl, morpholigyl.Q5RiRef azinys whiri ReGR RO URE @S, Clei, decnhercinrl i 4ds hydrogen. 2048.
The compound of claim 42 wherein Rl is alkoxy, amido, amino, acyloxy, hydroxy, sulfonamido, alkyl,
heteroalkyl, alked¥, Tatlesprytnégicisim Ry isestRo By SHIKACHy CRargnBaley |, heteroaryl, or heteroarylalicyl.

49. Thg compoundl af Al ABANIEISIS, R Sshstie b Rhosoldice, c.upon, 80 Tbepompound of

claim 42 wherein R.has. -F, -Cl, -CN, -CH3, isopropyl, -CF3, -0(2§I-l3, nitro, or 25phosphate. 51.
The compound of claim 42 wherein c#: Oorl, 52. The compound of claim 42 wherein R2 is
halo, hydroxy, cy¥ndhifRPBoBH pifbiptiataeren R is H S8 14 @hnddtin@ Si:etinTaiierein R2 is

hydroxy or cyanoys, e AgRiRPasiian comprsmaaahasaageatticiiacceptable excipient and a
compound of any one of claims 1-53. 55. The composition of claim 54 wherein the composition is a

liquid, solid, sem ?-%o}p’lds@@e“bqoéﬁ%ko?s@{ tofeinB s & btk of it eletalyid Qe Uity of a P13
kinase present in a cell, comprising; contacting said
27. The compound of claim 26 wherein R®is H, -CH,, -CH,CH;, -OCH;, -OCH,CH,, -CF3, or halo.

28. The compound of claim 1, 2, or 7 wherein X is ~CH,. or -CH(CH;)-.

29. The compound of claim 28 wherein -CH(CH;)- is in an (S) stereochemical configuration.

30. The compound of claim 28 wherein -CH(CHs)- is in a (R) stereochemical configuration.
20 31. The compound of claim 1, 2, or 7 wherein Y is absent, -O-, -NH(R®)-, or -8(=0),-.

32. The compound of claim 31 wherein R? is methyl or hydrogen.

33. The compound of claim 1, 2, or 7 wherein X-Y is -CH,-N{CH3).

34. The compound of claim 1, 2, or 7 wherein X-Y is (8) -CH{CH;)-NH-.

35. The compound of claim 1, 2, or 7 wherein X~Y is (R) -CH(CH;)-NH-.

25 36. The compound of claim 1, 2, or 7 wherein W, is 4-amino-1H-pyrazolo[3,4-d]pyrimidin-1-yl,
6-amino-9H-purin-9-yl, 7-amino-2-methyl-2H-pyrazolo[4,3-d]pyrimidin-3-yl, or 6-methylenyl-
9H-purin-6-yl.

37. The compound of claim 36 wherein W, is pyrazolopyrimidine.

38. The compound of claim 37wherein the pyrazolopyrimidine is of Formula IIL:
. 1

e
8
N
a8
=N
R11

Formula III
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cell with an effective amount of a compound of any of claims 1-55. 57. The method of claim 56 wherein
the inhibiting takes place in a subject suffering from a disorder which is cancer, bone disorder,
inflammatory disease, immune disease, nervous system disease, metabolic disease, respiratory
disease, thrombosis, or cardiac disease. 1058. The method of claim 56 wherein a second therapeutic
agent is administersh® 't alitjse. oAby oF¢iam?SB, wherein the second agent is an
agent that inhibits"1¢H, pliotielktivinalkenyl, halo, aryl, heteroaryl, heterocycloalkyl, or cycloalkyl.

39. The compound of claim 38 of Formula VI-A:

RS
RE H
7 8 N
R RS~
\
R12
R11
5 Formula VI-A

40. The compound of claim 38 or 39 wherein R'' is amino.

41. The compound of claim 1, 2, 7, or 39 wherein B is alkyl, amino, heteroalkyl, heterocycloalkyl, or
cycloalkyl.

42. The compound of claim 1, 2, 7, or 39 wherein B is a moiety of Formula II;

R1
@ (R%q

Formula Il

2

wherein W, is aryl, heteroaryl, heterocycloalkyl, or cycloatkyl,

10

and q is an integer of 0, 1, 2, 3, or 4.

43. The compound of claim 42 wherein W, is ary! or heteroaryl.

15 44, The compound of claim 42 wherein W, is phenyl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl,
pyrimidin-4-yl, pyrimidin-2-yl, pyrimidin-5-yl, or pyrazin-2-yl.

45, The compound of claim 42 wherein W, is heterocycloalkyl or cycloalkyl.
46. The compound of claim 45 wherein W, is cyclopentyl, cyclohexyl, morpholinyl, or piperazinyl.
47. The compound of claim 42 wherein R' is hydrogen.
20 48. The compound of claim 42 wherein R! is alkoxy, amido, ‘amino, acyloxy, hydroxy, sulfonamido,
alkyl, heteroalkyl, alkeny}, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl, or
heteroarylalkyl.

49. The compound of claim 48 wherein R’ is substituted with phosphate.

50. The compound of claim 42 wherein R' is ~F, -Cl, -CN, -CHj, isopropyl, ~CF3, -OCHs, nitro, or
25 phosphate.

51. The compound of claim 42 wherein q is 0 or 1.
52. The compound of claim 42 wherein R? is halo, hydroxy, cyano, nitro, or phosphate.

53. The compound of claim 42 wherein R? is hydroxy or cyano.
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54.

55.

56.

57.

8.

59.

A composition comprising a pharmaceutically acceptable excipient and a compound of any one of
claims 1-53.

The composition of claim 54 wherein the composition is a liquid, solid, semi-solid, gel, or an aerosol

- form.

A method of inhibiting a catalytic activity of 2 PI3 kinase present in a cell, comprising; contacting said
cell with an effective amount of a compound of any of claims 1-55.

The method of claim 56 wherein the inhibiting takes place in a subject suffering from a disorder which
is cancer, bone disorder, inflammatory disease, immune disease, nervous system disease, metabolic
disease, respiratory disease, thrombosis, or cardiac disease.

The method of claim 56 wherein a second therapeutic agent is administered to the subject.

The method of claim 58, wherein the second agent is an agent that inhibits IgE production.
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