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USE I N THE TREATMENT OF ANTI PROLI FERATI VE DI SORDERS Fi el d of the invention
5The i nvewDi2on/mied2at es to new triazines carryi ng a benzipordBaal/os829

nor pholino and a 4- substituted piperazino substituent, which inhibit
phosphoi nosi ti de 3-kinase (PI3K), mammalian target of rapanycin (nTOR),

DNA- PK andrERRkIiNeas8eAzIaRE 250 PRIRAIINBIRITOR € lOR yUEC C¥ pIHELTREASHENTS OF her eof .
The i nvent A PAPBIFERRT IECBIROBDARR hods of using the conpounds for the
treatment of associ ated pathol ogi cal conditions. 10 Background of the
invention Protein kinases participate in the signaling events which control
t he acti vatrigld of thieolvBntiohm f f erenti ati on, survival and mgration of cells in
response to extracellular nmediators or 15stinuli including growth factors,
cyt oki nes or chenokines. In general, these kinases are classified in two

gL oups, 5} hase irmialtiorprezéteg Emdvlairibﬁnéé’leaw | yb/aﬁz&rntoﬁt@,sd Merphemdaresa an%]t hose
t hat preferent, . phosphoryl ate serine.and/ or threonine res S. e
tyrosi ne kiHBudes PERTHE kBN HE. SHEh AT oSt arisICe o retap e, 1 or
exanpl e t henaiﬁkhdlﬁrﬂta}gegb?wb@nildﬁkrﬁT?R%@M%kémm kmade,caﬁdﬁtsgl [ _cI .
non-recept or ki nases i ncl udi c fa i pases e a <i nases
Dnd ¢ ho. TeonPEEy teakAcerta sl bR R be S NG Shoath | mabathetusidy F s
i nvol ved i nhéediypdlingefsraise treathiddt oigaseadiged patidiogival cshditioreases,
innunohﬁgical di seases and inflanmatory di sorders. This can be caused
either 'directly or indirectly by the failure of control nechanisns due to
nmut at i on, BaEekgrand cfthe divedtionnappropriate activation of the enzyne.
Phosphoi nosi ti de 3-ki nases (PlI3K5) have been recogni zed to nodul ate a w de
range of cellular activities, and to be central to the growh and netabolic
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el uci dati on, uman hereditar i sease. |ike en's ndrope, tuberous
Sol'oroat o bilkentBlRE saRie e Airdariing ¢t CRlka haRnaB i Sras BT e O
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cellular and systemic role 0 i nositide signaling. Deregul ation o
oS ol nodasRied Py i, hosh M2 PRLARTAY phGsHoBe thgsing ekt op 3 s
Pt dl ns (3, 4hdseRBat prefetamtialiywvishdspiiory e femihbagenetirsoriie ©aidaes. Thehyrosihe

i nfl anmati on, alle{gégggﬁﬁ%g?lic diseasgl,2f 35diabetesfand ca{ 'ovaaéyl r
probl ems. “RABS2DTEM “$REHNY GRYEIGCtor FRGEPIRIS3TqrieXalRIEARS FRIFRITE

pat hway i Slgg(m/\t/)tatfém@(?r"ebefpgoﬂ(E@ﬁ%_a@@hyl@éﬂﬁon%d@tdﬂﬂﬁs@gm Idirﬁj sredaminch
agents u e expect .t o. 1 nnhl DI roliferation, reverse the repression
of apoﬁ&gsikg‘aﬁﬁ%?%‘gg%%m”y SRS 3’?{%@% S KNFeSagent s in cancer cells.
Pl 3 kinase inhibitors have been reported [see notably Marone et al.,

Bi ochimca et Bio sica Acta 51784:159-185 (2008)]. Certain rimdi ne
Commounts. (PRI EA ST ATELS oI L BN B O BB oot
2004/ 03782,rraéfﬁb&i@@@e@@i@@ﬁhu%lﬁgik?%@aé& étayiﬁlah&&thoayldi/s@rrdemesicahibbi Ij or
activity and inhibit t ro 0 ncer c s. . The triazine conpoun
Seriura’ 1ocouslaitekatgry 8 Bl oy dGE Fliner ¢ poRiok Trcep WS ER dbE (S TR0
conpound hiogblexpresion er mgppropliatebdikatibhat thdieppyray.ed pot ent antit unor
activity agai nst human cancer xenografts in mce, wthout evidence of
critical toxicity [Yaguchi et al., Journal of the National Cancer

I nstitute, PHSspindsTille KRNEE](PISKSTHaEbded racoghiRd tc@Mmoetiatd & @idemands dfor of

Ch55ab. SLRERIS e 0 b P e B oS S
modified mice targeting the PI3K pathway, and the elucidation of human hereditary
30 disease like Cowden's syndrome, tuberous sclerosis, ataxia telangiectasia, X-linked
myotubular myopathy and Charcot-Marie-Tooth neuropathy, have provided further insight
into the cellular and systemic role of phosphoinositide signaling. Deregulation of
phosphoinositide levels, and in particular the product of class | PI3Ks, PtdIns (3,4,5)P3, is
involved in the pathogenesis of cancer, chronic inflammation, allergy, metabolic disease,

35 diabetes and cardiovascular problems.



The invention relates to conpounds of formula (I) wherein Rl is nethyl,

n- hexyl, am noet hyl, nethyl am noethyl, ethylam noethyl, dinethylam noethyl,
acryl oyl andreoatt3y32p et hacr yl oyl am noet hyl , met hoxyet hylpcTastoxyasty| ,
Crat-al kyl sul fonyl, acryloyl, or methacry oyl; or Rl is am noethyl,

acryl oyl or acryl oyl am noethyl 25carrying a linker and a tag, and R2 and

R3, |ndependentl of each other, are hydrogen or Cl-a4-alkyl, or R2 and R3
toget her fdrmtas %’@?ﬁ‘i/ﬁé%T%\‘ p%tHWéVI'Mré%tHa%t d@@?tfgﬁﬂaqcﬁﬁg(ﬁyﬁéeé’?b@@?mat es

and phar maggigkistah byerds (BRI MR Xxpsétbd So ALt @Rfliferatifd, reverse the repression of

2011/ 135520PCT/ 1B2011/ 051829 3 Further the invention rel t.o

phar maceut iFPIPOEIS AR SHITYE Wé? RYOIXCANBIEHY C%WCGFS?'Euﬁi kingse angd

net hods of igHisheehavetoeeh rép@aldi[Bge Rotbhi BREEnE Al BRICERTicABIBIOH/8da tid] 3

ki nases_and/gor nifOR_ in S)al‘tl cular treating a hyperproliferative disorder,
conpri s?ng 15@%9%?@1@(}9& ko a manmal in need of such treatnent an effective
anmount of a conpound 5of formula (1). An additional aspect of the invention
is the use of a conpound of fornula éqgéofor the treatnment or prevention of

a di sease SrerREHRNTTIGRS ﬁ%ﬁ?%ﬂdédw@z %Oﬁéé@dawaﬁfb‘? carepunds (W CQrammal , and

the use of pa/egMPRWND zmb4ﬁoevmlvao(zlobaﬂoe5gd&) aRd RiAVAbiHRRNe Pi31aamE e GagRnt for
the treatnent or prevention of di sease or condition nodul ated_b PI 3

ki nase and/BHPIGFERMIt, 28d jaRihe gr%h Bheanger cellspbhg trigging remMpavidh €S
incl udeg nezdeEsu %gw)em@fm ,ormtalamst@fed&ﬁ@aﬁ@&mﬁ@ounarmlgmyeémd%g@fnst

purifying novel intermnedi ates useful for
preparing %g%%ﬁﬁhé'sfei?yqdo?orﬁnté”%‘l“)””oéé“?ta’ét’f’ PARASHEMIRECeT @”Oaﬁﬁsﬂfb'ﬁ‘w&ds of
st eeni ng f\Aﬂﬂh}gﬁﬁ\ﬁiﬁhb@ of %m.&;all tbﬂblﬁ!f [¥ageseet al 2 Ubiiinerar. tlré-ﬁaﬂ&faacgﬁ%r Institute,
escription_o IL.nvent ] rm"Cl- C4- " as use ereln

o or s 1o 2040 AOF TSIk 1598 Ad Rl HOHYL €fes hoeheEai Bbn

radi cal of iusRoltIkihgy isGfomOIKoAY @Bl CaRBPEESIR 63811628 @b6%). are 20net hyl,
et hyl , ﬁ{propyl , iso-propyl, n-butyl, iso-butyl, sec-butyl, and tert-butyl.
The tefth " C1C4- al kyl sul fonyl " nmeans Cl-C4-al kyl as defined above connected
to an - SO2-sughably, ofthe Ghventioat t ached to the position 4 of the piperazine
shown in fornmula (1). 251 n am noethyl, nethylam noethyl, ethylam noethyl,
di met hyl am noet hyl , acryl oyl am no- et hyl, methacryl oyl am noet hyl,

nmet hoxyet hytihe ileR@ery Rty to @Athoardy boginauma gpet hyl , the ami no or al koxy
function is preferably connected to the 2-position of ethyl. The R2 and R3
substituents nmay be connected to any carbon atom of the norpholine 30shown
in formula (1), as indic by the bond pointing to the center of

nor phol i ne and not copn ed tgsa particular position. Exanples of such
carbon atom are those in itions 2, 3, 5 and 6. The R2 and R3
substituents nmay be Iocati%?on different carbon atons, or on the sane
carbon atons giving ri s; em nal_substitution. Exanples for positions
for substituents R2/R3 i 2/5, 2/6, 3/3, and 3/5. If R2 and R3

t oget her represent K\N N
R1/NJ F\Q\N
20 F ()]
wherein

R'is methyl, n-hexyl, aminoethyl, methylaminoethyl, ethylaminoethyl, dimethylaminoethyl,
acryloylaminoethyl, methacryloylaminoethyl, methoxyethyl, ethoxyethyl, C4-C4-alkyl-
sulfonyl, acryloyl, or methacryloyl; or R' is aminoethyl, acryloyl or acryloylaminoethyl

25  carrying a linker and a tag, and
R? and R, independently of each other, are hydrogen or C-C4-alkyl, or R? and R®
together form a methylene or an ethylene bridge;

and tautomers, solvates and pharmaceutically acceptable salts thereof.



35et hyl ene, the same positions are possible, whereby gem nal substitution
| eads to a spiro cyclopropyl function, vicinal substitution |eads to an
annul at edwoyelioizss2ane, or the WD 2011/ 135520PCT/ 1B2011,05A8291/45182%f err ed
2/5, 2/6 and 3/5 substitution leads to truly bridged compounds. If R2 and
R3 together represent nethylene, positions 2/3, 2/5, 2/6, and 3/5 are
possi bl e, whereby vicinal substitution | eads to an annul at ed cycloproPane,

or the prefdfpeithemyentiongrelles to/mharpautieal cPBROSHANFCOMPriEING3LI5RYYL

conmpounds. f&rmUne(l}, ahdmetitidsdf prerv@ﬁterg%rttﬁéamﬁxj @@usb%e otMIsrBeaYEuI4tB€ bpPaper ty
of non-identity of the_mirror i ierm ‘achiral" refers to

mol ecul es, KiRsehand/ 8" BhP& IMRFBLY féfeath ﬂewefﬂﬁo egHive fsgeler1qeEisingr m
"ster eoi sorﬁﬂﬁﬁn.stémidgarosa MamERIMOMEASf sWH GéatiaMEar E/RtiVE anoGeTat@impound

constltutlon but dif with regard to the arrangenent of the afons or

groups Pn Splggmula(b %%ta@ﬁ’ B‘B??éPSperCéPfetPE IVENHONIp A d3 e YretOIRAURd Cho Bk IadDr e

centers of fghthé abhtent &t @@V@ft@ﬁ@é%m@é@e BO¢onditioh Qrﬂodulmétﬁﬁy Pf3 IiReanaldrer ,
and they have d| fferent p%rzdsthéa properties ints, boiling

poi nts,  spdttPRIN BMGEPE; Aige b cPMpPYNEY. for%ﬂ% U}'Qéh%B%PaEﬁt'%PE? eomer s

my be sepaigiinddy i tyestedtmeaBdr Révediomvot Ndidbade dSrQ;%ﬁhMbm AiddaRedyyi F€I6|
procedures such as el ectrophoresis and chronmat ography. "Enantioners" refer

to two steré3Ee8REPEMIPRINGIMBBONIG: whi ch are non- superi nposabl e mirror
i mages1of one anot her. 20St ereochem cal defi nitions and conventions used
herein generally follow S. P. Parker McRaw H || Dictjion

f
Cheni cal TENREe! 2850 O‘i\fﬂé‘%‘(\‘ﬁpwr} 'PC'BQ%mEH‘Hﬂéﬁﬁ/preR%WQYHWO éﬁéaﬁqrgﬁing E. and

Wlen, S, an&tneertmhﬂmjﬁﬁyrmg @ pUBENbIForP A) MASEl intd @hutidés eyefd f&ons, | nc.,
New York 1994. The co ?s of the |nven‘L| on rr%a cont ai gﬁ&sgfm‘retrl c or

chiral centpé‘?F?””ﬁﬁamPH Mula @3S $ETIRPY PeredbeTde . anedTet SCfesPIRg.foi ¢

is mtende@cﬁel@a,tn abd lipRbigh fycaetisiedreri ¢ forns of the conpounds of the
i nvention, incl ugl ng but not limted to, diastereoners, enantioners and

at r opi §5m3rs as well as m xtures thereof such as racem c mxtures, form

part of th@epmm‘ésciriwentdfmidvanuo@r gani ¢ conpounds exist in optically
active forns, i.e., they have the ability to rotate the plane of
pl ane-pol arized light. In describing an optically active conpound, the

pr e; I Xxes Pm@dm?n thrc4E¥a||fy1mbs|S;seag©rem ee?eﬂsca% 3Rdenate tnhéqﬁ oabﬁemlcué@che%m .
conlguralono nol ecul e ano ITS cnir cente pre Xes
and | or (FjongMaleqt I‘})ydéqoér%%%'dﬁpa%%@f’ S%” A AEN ké#%'fv’ tabi al'fy'&re
pl ane- pol arme?-tﬁ\ﬁl dth@hh-pkapyl, Re-epPaipety|, Wotbutyl -dec®utyl, dreasit-potyt. hat t he

conpound is |evorotatory. A conpound prefixed with (+) or dis
dextrorotatory. For a given chem cal structure, these stereo-isoners are

i dentical exeegin Td]3¢4-éllk5@éblfahﬁ MebhHC,-ChralesasdelifBe aBo\RL diphectéd sPgei fi C
35st er eoi soge na 0 be@%err to as an g‘?antl oner, and 3 m xtH e of
such i somersYzs 9" ?’ ieh S ¢19519) A5 Bepirerasipe shw) ndermyfl
enantionmeric mxture. A 50:50 m xture of enantioners is referred to as a
racem ¢_m xture or cemate. The term tomer" or rlcform
refer 35?0 dn ?WEPGF'HF m a‘@ﬁ%‘?§‘°‘6?‘y'dPW'@W”B’EQ“B?%'?‘W”B’E agpyeeylamino-
inter convere&hyblrﬁetua@ylaylbmmo@fn@r %étﬂﬂﬁdyélh?lr ethbRyetiyX, adﬁml SorylyShPBethutHener s
i ncl ude interconv & ns via m ak@l(on of sﬁg roton, suc s keto-enol and
i mi n- enani A9 BRRAKPYAYREIRA Is BiREeraklly AeNIGHE “Pesii '9’3/0 Wept abl e salt" as
used herein, refers to pharnaceutically
The R? and R® substituents may be connected to any carbon atom of the morpholine
30 shown in formula (1), as indicated by the bond pointing to the center of morpholine and not
connected to a particular position. Examples of such carbon atom are those in positions 2,
3, 5 and 6. The R? and R® substituents may be located on different carbon atoms, or on
the same carbon atoms giving rise to geminal substitution. Examples for positions for
substituents R¥YR® are 2/2, 2/3, 2/5, 2/6, 3/3, and 3/5. If R? and R® together represent
35 ethylene, the same positions are possible, whereby geminal substitution leads to a spiro

cyclopropyl function, vicinal substitution leads to an annulated cyclobutane, or the



10accept abl e organic or inorganic salts of a conpound of the invention.
Exenplary salts include, but are not limted to, sulfate, citrate, acetate,
oxal at e, wbl2ori/des2obr om de, iodide, nitrate, bisulfate, ppmaBphabas2%aci d
phosphate, isonicotinate, lactate, salicyl ate, acid citrate, tartrate,

ol eate, tannate, pant ot henate, bitartrate, ascorbate, succinate, nuleate,
gentisinate, fumara gl uconat e | ucuronat e, saccharate, forjm

benzoat e, arﬁ?a%?/é 2 Beg Fen RSt 8%6@8 t%trwéhaggﬁomﬁ%ﬁ%nd%éﬁﬁews& f onat e,

p- t ol uenes ybdcUnstrepreadtdl nRAMMGHS péahérﬁ; 2/3\ DH RS R passBRS GPbRBY e sal t
may involve, th |ncIu5|@E@of anot h ﬁcule such _as an a g}a&e i on
succi nat e VN3 PURKIKEPN &R (RN PO atem@y RIRRAIE: Poivepssiered amy /@r%‘grﬁ/é or

i norgani ¢ b&ttidnhaddsstb aiyl Brieigsd thapslialsge on the parent conpound.
Furt her rmre a pharmaceutically acceptable salt may have nore than one
charged atom 20in its structure. Instances where nultiple charged atons are

part of theahphariRerat ek iy marealRsabhien ﬁabéth@%dwy%fﬁwdeah@ of tHéthror
i ons. ance a pharnaceutlca Igéacce e salt can have one or nore

charged at drRI% Y8 theigam oRchira ergdgmequgﬁ WieR a&%%‘ﬂ%'a"pﬁﬁ%?'?rﬁ%h&' cally
accept abl e ngigbtinf3@¥. be prepared by any suitable nmethod 25available in the
art, for exanple, treatment of the free base with an inorganic acid, such
as hydrochl oric acid, hydrobromc acid, sulfuric acid, nitric acid,

net hanegul ﬁ'@@ﬂ@rnﬁ“‘s&éﬂeo@hﬁé@hﬁéﬁérﬁ t(ﬁ@érﬁp(ﬁm@st\bﬁcﬁ h&® |d@rﬁt|cWi dHenacal or gani c
acid, such as acetic acid, %I’I fl uorﬁl&cetl c acid, maleic acid, succinic

aci d, mand&PPEtEaNgbutdiffREMith regard fo the asrngementol Uy 10T Or JE9URS IVRAPe aci d,

gl ycol i ¢ achrstesednary Heférs a6 b terdoigdheAsi tdmlorafdrélceﬁt@ﬁsrbf@mraityucur oni ¢ acid
or 30gal acturonic acid, an a-hydroxy acid, s citric _acid ﬂr tartaric

acid, an amFRCEEME™S YHAR agrogéfaa%woae.aao Pr @Paﬁfm havgdifterend physicatat i c

acid, such paspdaRdz 8lgC mafing peints: ibBin §|nf%CB;§bctr@I @ubémas GndGéabtivisivs MiRBires
nesul fonjc acid or ethanes oni c he term

p-t ol u
" phar rrgéeutoi f digpy eﬁ%éﬁiaé(meesep?%?i@t %St? é%t'om?éwétbﬂﬂﬁharﬁ%“?ﬁ“ 62 t i on
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i ngr edi ents co sing a formu i on, and/or the ein eat ed
therew th. %TF 8@26‘@@%?%35‘6&?7%@%%%’@&0‘%@?UHFM'mﬁ‘% %?sonteo an

associ at i oran@thef:_orrpl ex of one or nore solvent nol ecules with a conmpound of
t he invention. Exanples of solvents that form sol vates include, but are not
limted to, water, isopropanol, ethanol, nethanol, DVBO ethyl acetate,

aceti czaci $tera6d1e5ﬂ&éla@mhumﬁsrwn cBh@eﬁt@hﬁUséWﬁlér@thené@iI?chIoW(S tFheafeE EX

wherein th ecule is rou fe rs
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protecting dﬁis@é#@@m@r@deﬁMbmetsS@wd éibelS'BmeW a@v@ﬂi"&%,mlﬂuﬁésetﬁéﬂe\é%l@h%ps in
Organic Synt hesi s, .John W 1991, The term "l inker"

) eP/ %thSons - Yor Kk, ;
i ncl udes, bBages Mbdires; fomp @artobthepresey; H‘VS? 1o ”Mrgaﬁlcecfog}%%f‘g}s oxigtin g
opti onal I y oﬁu&ﬁlylabweerdrm@ﬁ byhr%wagémabmt@lto 8 tihelame vhRamei- ﬁbl@rrz%d()l@hlm)r e

met hyl ene ups, are rep e [ | oxy grou optionally
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g|V|ngacar - a a chain . o t

G oups gt iR | BT 220 C3 ot P PARE] Qs o hisas sOBRERyRon st eRpPanErgho fat r se

to a trifumgttheodhpdinakelth (-pbr |rrﬁ§airﬁhget$1aome@ambadmd ¥ |©@esthioh )G\ @mpbanaci ds.

(F:)g[r;)lr Icg: ﬁ[} pg%.f&lég tP&B) rqe |agiextroro%?ory r?c}rgygll\?e?mech%Fn?c% structureI t¥1g§é Ql%lre%r-]e group

isomers are identical except that they are mirror images of one another. A specific

35 stereoisomer may also be referred to as an enantiomer, and a mixture of such isomers is



25functions, a pol yoxyethyl ene group, or a small peptide consisting of one
to six of the naturally occurring 20 essential amno acids. The linker is
connect edwbaotihissizet a- car bon at om of the acryl oyl groupPproT/IB®1I/KESZIM NO
group in anmnoethyl. "A linker carrying g tag" means a |inker connected to
t he beta-carbon atom of acryloyl or to the am no group in am noethyl at one
end and a tag at the other end of the |linker, or_being a trifunctional

301 i nker cé’thglPﬁ@dﬁ}%ertﬁ”f'?’@P%?“)‘t“é{ssA 59130 rpixiurg ofien@ntiomers izjideresiip as@ no
limted to rbiedhit mixtave ddiantacshstept avidin, a fluorescent marker, or a solid
phase, for exanple a polyneric bead or a plastic or glass slide. Exanpl es
of fluorescent markers considered are

4, 4- di f | uormelerdr RavtoinB lorrBLtaMETid fAIRP fefers to structural isomers of dn‘ferent energies,
353a, 4a-di aza- s-i ndacene- 8- propi oni c acid BODIPY r) 493/503 (%

4, 4- di f PuoMBUd) are ijereppyRrHbl v's@rlawsaae@é( RS o Y-SR RIS REIAN t@PH’ﬁ" ninclugdei d

( BODI PY(r) iftbdcondbréiofd ib wag@atién éFa pldfdn? 9ddH de3khad @RETENYBAMAALHAS29 7
di met hyl- 4- bor a- 33, 4a- di aza- s-i ndacene- 3-propionic acid (BOD PY(r) FL, SE),

6- ( ( 4 4- |somer|zat|ons

di fI uor o- 5, 7-di net hy1l- 4- bora 3a, 4a- di aza-s-i ndacene- 3- propi onyl ) am no) hexan
oic acid (BOD PY(r é% FL- X, b

4,4-difl uorT(B‘eéerﬁh ?Tm%eHB?%' B5cepiatie 83'h 2 Uspd Hetsine refersig pnamaceytsady

( BODLPY(r) a%@ta@&br anlc or inorganic salts of a compound of the invention. Exemplary salts
4, 4-difluoro-5 %\ %ora 3a, 4a- di aza- s-i ndacen onlg aci d

( BODLPY(r) ’5‘@&95 %E)) W@t%d(ta slfgies PU’B%aﬁetgtedPWtﬁﬂ‘?@'d@@'%@d
Fgeogly R{( 4) th%f\}a%e ?zﬁsu#atedplads@hétel BElaprEEhAt) IPRICOMAL axdtae) SigsABeR] Scideitdte,

r .
4,4-difl uort%’trgte( Qlef"i’ﬁ lanppte. Banjgihgnaty, bitarteate Ascerbatfy sUeainale PR!#toni ¢ aci d
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The term “tag” includes, but is no limited to biotin, avidin, streptavidin, a fluorescent
marker, or a solid phase, for example a polymeric bead or a plastic or glass slide.
Examples of fluorescent markers considered are 4,4-difluoro-1,3,5,7-tetramethyl-4-bora-
35 3a,4a-diaza-s-indacene-8-propionic acid (BODIPY® 493/503, SE), 4,4-difluoro-5,7-
dimethyl-4-bora-3a,4a-diaza-s-indacene-3-propionic acid (BODIPY® FL), 4,4-difluoro-5,7-
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20
A “chemotherapeutic agent” is a chemical compound useful in the treatment of cancer.
Examples of known chemotherapeutic agents include trastuzumab, pertuzumab, erlotinib,
bortezomib, fulvestrant, sunitib, letrozole, imatinib mesylate, finasunate, oxaliplatin, 5-
fluorouracil, leucovorin, rapamycin, lapatinib, lonafarnib, sorafenib, gefitinib, AG1478,

25 alkylating agents such as thiotepa, cyclophosphamide; alkyl sulfonates such as busulfan,
improsulfan and piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and
uredopa; ethyleneimines and melamines including altretamine, triethylenemelamine,
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30 callystatin; CC-1065 (including the synthetic analogs adozelesin, carzelesin and
bizelesin); cryptophycins; dolastatin; duocarmycin (including the synthetic analogs KW-
2189 and CB1-TM1); eleutherobin; pancratistatin; a sarcodictyin; spongistatin; nitrogen
mustards such as chlorambucil, chlornaphazine, chlorophosphamide, estramustine,
ifosfamide, mechlorethamine, mechlorethamine oxide hydrochloride, melphalan,

35 novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosureas such

as carmustine, chlorozotocin, fotemustine, lomustine, nimustine, and ranimnustine;
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conpounds Q:Erzerfpﬁ"lIIInaclﬁrb)noM}@fn%l Ba(ﬁlqohﬁmﬁ'e@élhhbrutfbnh@é}drublan36%!&@@153&*0 L-

2- (acryl oyl am@eth}{ - et hoxyet h nmet hy Isulfon et h Isulfonyl or
acryl oyl ,  &RECYSNS48 %b'ﬁ'PemHSFH‘PB'&é OXQ“HO ‘ﬂ%r‘iy?BQﬂ‘%ﬁp ‘&‘B%?ﬁﬁlﬁ‘m

formila (I by M@moeddyo%buduﬁamawdydo%ru&aﬁ wmbi@w aéarnmuﬂt iaxtubicin,

nmet hyl sul f\%i’% or acry 'r(‘)Pé and and are I% such as the
conpounds pelioqyen, F‘EO ?'H%/FU%‘raSr@FCPWY% Cr BygeP eaﬁ' %‘&d ARy gEPe

hydr ogep. lz‘;ﬂvawc{nspb@é@ﬂhFaH FrfroR9BROIN S yEih, ﬁmamwh ,(ddoruiein dtrephidrm,

2-am noet hyl carr i nker and biotin, | uor ophore or a polynmeric
bead, and @6%60%@ tg‘PE‘éC'HVdF ex, Zoftp. 19“&?'@? rd§apiabelies fMFSunds of

t he exarml @Fethotrexht® dr¥Es-Alidroghbir; wucsdmv\ghahtfys@uah avhenshtéiie nidtiesteasiaem stry
of any particular chiral atomis not s e gﬁgg@&)hen all stereoi soners are

cont enpl at SFTARGT ﬁ[‘,mﬁﬁ%?f?t%§“f'ﬂ%a%ﬂ% K& PRRSFARIRNINThe

conmpounds @rﬂuamtmnarta@gnénmé\\wnwm wog@@u@h ab Anbitdiey atfitidaRe, BRIZEuddne,
sol vat ?d forms wit ceut i cgj |y accegt abl e sol ve
19

such as water,
et hanol'? af@meofe" ICYtEEab'% idepxyugiding dorefiy 't”ﬁa?”qCH%b'F“?nr}'@ﬁWdé’P? @H%ﬁoa%% bot h

sol vat ed ardcwBs @éluateﬁﬁef&bﬁ%staﬁbﬁnaﬁww@g.t.@étamemem@slém@rfegmyctaﬂ@o
exist in different tautoneric for étautomer and such fornms are

enbr aced widHaAFRASITR 38 AMITRIYIADER - JATO RS I‘I)%eé Vr?tCWe@P@”*? @ suc

conpounds @k fﬁohﬁclaBMeéﬁdioﬁﬁi)éldbﬁhééﬁﬁbhﬂﬁ g?'ﬂﬁ%shﬁé §Mlhbi&ﬁbllrﬁ% é@@*té?}?iuﬁabﬂit
own In the chemcal arts,

i ncl ude 30processe 0 o0 those wel

parti cul ar [3NSAMMS: §ﬁ§t %1“ ?ﬁ’éﬁ L’%E‘heﬂ?t%ﬁt%ﬁ‘g@ﬁ@& ARIPRFACINS HEBAQUIRE ng
materi abs aAfern@rines Aligtiviuay addtate] ah Esamonenaresiatial geﬁIQJlM ﬁlﬁ@teohy@;bﬁydr@a’idl ly
prepar ed u¢a]ga$§th ds. wel | _known to those skilled the art. For

illustrati gudning RanaNsINARR Sich AsBAdnAING RGP CIB < PIRUAE R e

conpounds Qﬁltd)@@trdﬁeeﬁfbmdahm\éﬁHttﬂa@ﬂn@%eﬁ@is{atlasp%@)érﬁemp&éfmdjlrfiﬂ(%‘é)xaﬁﬁhfhe
substituents are 35| nt r qduc

the triazi nucl eus by se uentlal

ep! acenen POSTPI I a5l Ry ades predat v P SK RS o R

cor r espondirfhxs6€; AREaxiy; subfife:; sgiRRyefrBatieMERn0hzonicid; triaziquone;

2011/ 1 5520P /1B2011/ 051829 .
trichothecenes; urethane; vindesine; dacarbazine; mannomustine; mitobronitol; mitolactol;
pipobroman; gacytosine; arabinoside; taxoids, e.g., paclitaxel, albumin-engineered
nanoparticle formulations of paclitaxel, and docetaxel, doxetaxel; chlorambucil;
gemcitabine; 6-thioguanine; mercaptopurine; methotrexate; platinum analogs such as
cisplatin and carboplatin; vinblastine; etoposide; ifosfamide; mitoxantrone; vincristine;

30 vinorelbine; novantrone; teniposide; edatrexate; daunomycin; aminopterin; capecitabine;
ibandronate; CP-11; topoisomerase inhibitor RFS 2000; difluoromethylornithine (DMFO);
retinoids such as retinoic acid; and pharmaceutically acceptable salts; acids and

derivatives of any of the above.

35 Alsoincluded in the definition of “chemotherapeutic agent” are: (i) anti-hormonal agents

that act to regulate or inhibit hormone action on tumors such as anti-estrogens and



13 repl acenent reaction by such a secondary amne is, in principle, freely
exchangeabl e, and may proceed through any pair of internediates shown in
Schenme 1,worbgimsd2by starting with 2,4,6-trihal otri azi nectapzmuniig2echl ori de
or cyanuric bromde). Furthernore, substituent RlL may be nodified at any
stage of the reaction sequence. 5 Schene For exanple, for introduction
of the piperazine substituent into the triazine nucleus, one 10nitrogen
atom of pi PEIESIYEHECHRIY" BaYFoEHSERNS iprlbeiag PheragRitisaMaKieentamoX e n

subsequent Igjratd)Iralbxiftht, @oloxféhe? af @ fapEHHite WhiEL(iN aRsm@taa@mhtbytdfsqg@tnnmand
t hen further nodi fi ed bijla reactlon wi th di azomet hane or a nethy hallde to

convert Rl RQERRIRATOMBIASe\RIoh fegueseryioas EE@H?‘E‘iWBi@Z@dr%a'rg@é‘éﬁa% with

n- hexyl halgsder bfaarﬁ@@vqsym{?dazmsnmbgw}ol a@état@e@t“etnhéyﬂaﬁ@ tdmBstaheClaachzard/ or
substituted 2-am noeth e to convert RL to optional ly substituted

[
2- ani nogt hyProzZgle: teé’%‘f'gcﬂﬁ‘dvﬁ”@ﬁ”%oéei WEx3nti-grdregenssy 9%f'W9'fn'dr?aPI“H%mtdS (v)
convert Rl préteid k‘iﬂa@@Wnbll@Fs &) lipRtkvsk et tiitors; pv) étﬂ%@hs@&lgéhbdﬂeotldes

C1C4- al kyl sul f onyl lide to convert Rl to O1-04- 5al kyl's

reaction wp@H'CHBf'YHT?éPI‘”Q‘ AURRPE EXRTEFIALPIHFP IMeT %'EQBPth&ﬁM%?gH%te

convert Rlab@rr@ﬂrddlgbdhferé%h@@d’nYa\SOwre&émél@ri’k@ydlpr%aﬁaﬂ'aﬁg HARb&:MKEr Wi th an
optionally ﬁpOt ected am no function at one end or %&9 RL with the
|

meani ng 2- ARPAGRTHIHON ARy B PYReHRN iaPiRBYR ANe0IR ?’ﬁ?ée ipliBtfEr(ihat i ve by

reactiqp V\nvtabcuﬂbsa@mrr%%fg@ﬁgxhd?@éywccmés %Mangﬁé Iphmidasiy embleR @bh@miry
acryl oyl rFMéfﬁrl de or i nker c rrying hali at one end and a 10t a% or a
protected & HAfﬁ?HH?”Q?ﬁ ep0oqing Hof Yy AR MIGROARRUB: ¢rURiA SEAeCes RRCGdiNgk er
may, in thenté@ea;kursﬂ eaw&ieume(rlsagtueemfseusom@@@é 1Vmﬁ|b|tcﬁl%ul§h by diroresshs 6t ni m de
ester of af&)a% ive the desired |nker carryi f? tg Alternatlvely,

t he pi peraZPf 'ﬁé aptsANGIRGRNG B9PTVR BUFNBsrRavecigd By iandd ooflafma%ua%a%y

al ready cargyeptiifte bhibcias BAd bEmRIAleddf. any D ee abover e detailed description
of the |nd| vidual reaction steps, see the exanples hereinbel ow. Those
skilled®in the art will appreciate that other synthetic routes may be used

to synt Ihesvsz fipbdtene WP oAl seditle bbmgbﬁd%’fh/ia%us t&bé&@lﬂi@l@issmbﬁblgldgt?fﬁdrng
materials an reagets ar e | the sc el ow,

ot her startH actﬂ%wﬁ'icav%usgﬂﬂ?& jj Qﬂjgdéu %Eitlhﬁr}’iﬂ% ﬁ?FfIPj% 'f‘%seprovi de
a variety odhislerd diatibserishardia/aad, cB;ﬂl@ﬁéllyOQ ch@®otherspeliii®fgont)td aadghikiapThe MmNy
of the compounds red by the methods descr i be?)f bel w can be further

re
nodi fi ed |ﬁ°mpaﬂ?’P%PP‘ﬂa“ﬁi%§° MG AESOMENILY HENIGAVR AL OrPfﬁ‘ PR SIPAr R ihe
known po t hipgeirskbémest df bidldiicalrlembrandshe nmet hods of preparing the
conpounds of this invention, it nay be advantageous to 25separate reaction
products from one another and/or fromstarting materials. The desired

product s ofTheagmn Patkadelinssr n@@se@ftoséf@rpt@ .@ét@cﬁmu@tcﬂebrwﬂudélgaednwl fied to
t he desired d%gree of hom) enelt J[?J g}c ues conmon {n the art.
Cishigke

Typi cal |y SOEWSEERHLKAHTL tr}ﬁ/%‘l’ FIP QUPTEHNON @PYUHRF | i zat i on

from a sol viKdatiohs S@bg@rdosé@é(bdﬁﬁust@t@h|ddn&bin@i@atlc&isténldmilWa@rﬂngs)éoncern|ng
chr omat.ogr ra can i nvol ve any nunber of nethods

30i ncl @di ngd' e%/%ero g?/é?%’édﬁhase and normal phase; size exclusion;
i on exchange; high, rredi um and | ow pressure |iquid chronmat ography nethods

and apparatus; snmpll scale tlcal . | at ed rmV|n and

o et at i v B SHAPRIA LAl Rer oA b TGS oAy TonS Tiee 2 BeSibehucs of
smal | scal endr{keys,ldagg,rcawﬁdoﬁsbgmws pigramaashegp.aphy. Anot her cl ass of
separati on nethods 1 nvolves treatnent of a m xture 35with a reagent

sel ected fromactivated carbon, nolecular sieves, ion exchange nedia, or
the |iB@. The invention relates to compounds of formula (1)



WO 2011/ 135520PCT/ 1B2011/ 051829 15 Di astereoneric m xtures can be separated
into their individual diastereoners on the basis of their physical chem cal
di f f er encw® 2by/1383200ds wel | known to those skilled in tireTaB2011/8818%9 as by
chromat ogr aphy and/or fractional crystalljzation. Enantioners can be
5separated by converting the enantioneric mxture into a diastereoneric

m xture by reaction with a8 appropriate optically active conpound (e.g.,
chiral auxiliary such asra b$|ral al cohol or Mosher's acid chloride),
separating the dlastef80ﬂer§;aﬁ€ converting (e.g., hydrolyzing) the

i ndi vi dual di astereoi sonerg”to the correspondi ng pure enantioners. Al so,
some of the conpounds of the present invention nay be atropisoners and are
10consi dered as part of fHASSNI nvepthon. Enantionmers can al so be separated

by use of a chiral HPLC%QgIggP ds of treatnent The conpounds of the
i nvention may be afﬁ?h RY

S route appropriate to the 15condition
to be treated. Sui | ¢ routes|inelude oral, parenteral (including

subcut aneous, t/r'él cul an:\'g%t\r"évenous intraarterial, intradermal,

i ntrat hecal and epidural), transdermal, rectal, nasal, topical (including

buccal and sublingual), vagi n&l, int ra@erl toneal i nt rapul nonary and
i ntranasal . fgpdin | ocal i mmunosuppressive treat rrent the conmpounds nay be
admi ni stered by intral esional adm nistration, i ncl udi per fusing or

200t her wi s& doeHwt: inMgxyhamgiogthyl, Wwethylermisopthyh Bihylemi Qyﬂ dimetamapingett.i on.
It wll be a%%ﬁ%.ﬁé&ﬁlyltrlﬂ@fha&%y%ﬁﬁ&ertmﬁOlnétﬁa%tﬂwxétw@wthw ehd,Qlkyrxampl e
the condition of the recipient. Were t'he conp ound is admi nistere orally,
it may Be fYiony. @F@’épyé@@%qwloﬁe{ﬁﬁll'@amtr@ﬁth& acyiqy! ongarnoygaminoethyl
pharnaceutbg@%hgaQQQQQ%@QJ@ Cafg ier or excipient. Were the conpound is
adm ni stered paregnteral bé |t naé be fornmulated with a pharnﬁceut&cally
25accept ablRe pdiEningprAndgat of eachrther.rarg hiiogeniesage - piyleet Bbad Rorm  as
detail ed bgj er%rq«p§ﬁ1ett®|ér{eQﬁtanmﬂﬁ%e%H gnts may range from about 10 ny
to about 100 of the compound of” the |nvent|on A typi cal dose may be
about 100 @jdiiiameis: sPvgengndpharmacediepthuarreriablgsads giedle admi ni st ered
once aqgay (QD), twice per day (BID), or nore 30frequently, depending on
t he pharnacokineti c and pharnmacodynam c gropertl es, including absorptl on,
di stri but i dteferrad arorampaundawhesedt Bt isaretayl. @ h@xyd),ag—@mwpﬁwl edmsdiaming)n

addi tion, t@xjci (‘elhyiaﬁlﬁﬁ%ﬁ]y@Y(ab@foblé%&%eihPﬁzﬁ’ﬁlﬁﬁ&@/eﬁ&ﬂ 28RNy @11009
regi men. \Wen admni stered’ora , capsul’e, "or tablet "may

i ngested d@ﬂﬂs@ﬁulﬁ@nw ESEY/1qy, aqu@rﬁhqc\yyl@sdrora“?s@’é@nfm@ihsﬂeaq%@w of Zt(a%loylm@o)
regi men may p%g%ﬁQ%QQngaﬂH%qgé of cycles of therapy. WO
2011/135520P /182011/0 1829 16 Conpounds of the present invention are
useful Por treating diseases, conditions and/or disorders including, but
not |im te%&r@préf@@@@ar%%h%hﬁd’é \K/ﬁ’&reWRQE”ﬁ{etr%)FpZ &%ﬁm‘o@ﬁhypb (laérpl'oQIaKhrﬂﬁ}SGS
e.g. PI3 kinase. Accordingly, another aspect "of this invention includes
met hods of eEfWéa'é"?tthY@FhYbr"%Qi $ultegyldetonayl ybrsowﬁrewwfenﬂ 2GdeYlcain be
treated or nﬁHtﬁ'é/&l{!Bﬁdmtb\érﬂc[]B‘r FHeTtHyngz é%in@bt‘ﬂylkmééﬁéylainﬂﬂ)é{ﬂylnﬂeﬂo??#fetﬁ;ﬂd mroR.

| n one enbodi ne onprises admnistering to a mamml 1n need

t hereof a Wféhldﬁé@f‘}’b@thvlﬁmmbéf aQodnBIgrR Pasticuary ¥iné-(@tryleramineyaifyli on
or of phar rarubdiedll 60spasyiti on conprising it. Diseases and conditions

treatabl e according to the nmethods of this invention include, but
Also preferred are compounds wherein R is 2-aminoethyl or acryloyl, each carrying a

linker and a tag, in particular wherein the tag is biotin, a fluorophore or a polymeric bead.

25  Further preferred are compounds wherein R? and R®, independently of each other, are
hydrogen, methyl, ethyl, or isopropyl, or R? and R® together form a methylene or an
ethylene bridge. In particular, R? and R® are both hydrogen, one hydrogen and one

methyl, or both methyl, or form together an ethylene bridge.



10are not limted to, cancer, stroke, diabetes, hepatonegaly,

cardi ovascul ar di sease, Al zheiner's disease, cystic fibrosis, autoinmune
di seases,watharids2ber osi s, restenosis, psoriasis, aller@Ct/1B20E003i82%,
inflanmmation, neurol ogi cal disorders, a hgormone- related disease,

condi tions associ at ed mﬁth organ transpl antation, imunodeficiency

di sorders, estr v di s oliferative dis rder tious
di seases, 8iPtS %rﬁb e'i &Wﬁtygzk%?fff? 'E%I(F?aéa? Yl PTHiSaren Vlnart‘figg

pl ?L e: et ag\gd@g@h i MR? ARSre (ZWGFPE,SW_?_&WIF@FB@RPZ Gfamqéthyll (ZFBBR)'J? geas ed

pat hol ogi ¢ | e conditions val vi ce 0 orders
in a pati efime %-%\ﬁn H’”‘it%ﬂ (§ é}gia Qtﬁ”%’i'&ﬂd%éﬁé %QWWQ‘%%@ N€ hi s
i nvention lb'ﬁ@béldaez 6 Rityleteridg8od 3 bidlhjigd britige DEERI hyd¥geny ,Mcfsegr\érefably,
prostate, testis rgﬁﬁpl tourinary tract, esophagus, |arynx, glioblastonm,

neur obl & st6WH‘R c#re 'WRf99enker at oacant homa, | ung, epidernoid carcinoma,

| arge cell carcinoma, non-small cell |ung carC| noma (NSCLC), smal | cell
carci nona, | ung adenocarC| nona, baone, col on, gnonm, ré})anc
adenocar ci nPhPrEeEIA"E COWBPP”%&H@W”&%@@ ‘ﬁ"c‘ﬁfﬁ'” Fﬁxdﬁﬂﬁt é‘nft‘er%({ 8(?%'5?@P¥iorra

papillary cza(ra@nymymm@@myngrmhox%ml ARV USR] @msulf@hﬂd@leacrﬁw CdndoRfeand
| i ver carcinoma and bili ar%g-f)?aéﬁgg%e%kl dne}/qrcarm noma, eloid d| sorders,

| ynphoi d dl%&f%IBY%rog%ﬂrWa ynds4f fargulal) wiieseig i 1§ Beth 2- 1 p,

t on?uen 0 go%éé?yloﬂgﬁmb')%‘thyllsrﬁBihlyIsUIﬂirQSUr aaylogpbﬁcmRﬁ ahd Fﬂaﬂa(rjé Wo@%dnnb@&i adBe
rectum brain and central _.nervou ,S and | eukem

Car di ovasc FPRPOUTdsHRrein fyile H‘G&Y b’é tﬁ"‘b"é%\‘f%' %B@& ARG e ‘E‘}‘fgofﬂﬁﬂ hods of
this invention incl ude, but are not limted 30to, restenosis, cardionegaly,
at her oscl erosi rdial i nf% | on, nd cong%itl ve heart failure.

Neurodegen@rqéﬂ?ﬁx/%r ”§F 262 CRPUNIE ghTaseula Qéﬁr?ée' GHaPRYEEY FREYRG Bods of

thi's i nventihkdt dndGidtiea filsropiadre of@tpolyniBric ®dad, GandARZAHell RFEdre yGrogeas e,
Par ki nﬁon s di sease, anyotrophic |ateral sclerosis, Huntington' s disease,

and cerebral ischenia, and neur odegenerati ve di sease caused by traumatic

injury, gl WciBtferfRldrotiRxtsthpounasdr ahxampiea. | nfl ammatory di seases which
can be treated according to the nethods of this WO
2011/ 135520PCT/ 1B2011/ 051829 17 invention include, but are not limted to,

L heunat oi d |RtHetiukiuges $HROWNI @Zélﬁ,, vrv]meﬂraﬁéte@@brﬁ@ﬁuﬁw 8 arfshrtitRl ARl aéom is
ypersensitivity reactiops, Another as t this inventio rovi des
cormpound of°f ?ﬁ"%’c'fieﬁ %ﬁ'ﬁ‘@ RISFEAISQTIELS PIE ‘?%&%Q'?@Qtaﬁémc'%e t%?éH%IB%’B%%LéE’SS
condi t pons tekemosntload herein in a mamual, for exanple, a hunman, suffering

from such di sease or condition. Also provided is the use of a conpound of
this invention in the preparation of a nmedicanent for the treatnent of the

di seases arrwheq;@ﬁ@bu.hmtﬁl@ﬁﬁé&eﬂﬂem/dmmh@yleausaun\m&mwatb@@d%walslasa/latedsuch as
er i n from such di so

a manmal , for Xa

Phar maceut i @51 "&'Bﬂﬁﬁm?i?%'gﬁ[}rﬁ%?@é?'et% gals SHC%Bﬁﬁ’@Eﬁ'iuetEb?”oc' ”é’ th‘ﬁl}@a@ﬂ%n
for the than@mﬁdlea tﬂieft@ﬁ’é|HBéHt|oﬁlerr\€Hrék§Bsrtﬁ>trD§&VdWcﬂ acd Uesdivatad RAs.)Thef manmmal s
i ncl udi.pg humans, i 'S, norna FW%erO rmul ated i n accordance wz&t h standard

phar maéeut |085‘Ip°bﬁ’da?c‘ff ResIny@Ntion SRR BB 8|t 2 41T eI P O MS UM o

thi s aspectall@licti foemi BegbRBed (K thd Scopk o ihdatleatipmar maceut i cal conposi tion
conprising a conmpound of this invention in association with a

phar maceutical ly acceptable diluent or carrier.
Methods of synthesis

The compounds of the invention may be synthesized by synthetic routes that include
30  processes analogous to those well known in the chemical arts, particularly in light of the
description contained herein. The starting materials are generally available from
commercial sources or are readily prepared using methods well known to those skilled in
the art. For illustrative purposes, Scheme 1 shows a general method for preparing the
compounds of the present invention as well as key intermediates. The substituents are
35 introduced into the triazine nucleus by sequential replacement of a halogen (Hal), e.g.

chlorine or bromine, by the corresponding secondary amine. The sequence of



A typical formulation is prepared by m xi ng a conpound of the present

i nvention and a 20carrier, diluent or excipient. Suitable carriers,

di | uent s woaoaxissznent s are well known to those skill edpcm/iBival/esis2eand
include materials such as carbohydrates, yaxes, water soluble and/or
swel | abl e pol yners, hydrophilic or hydrophobic materials, gelatin, oils,
solvents, water and the |jke. The particul ar carrjer dlluent or eXC|£|ent

used will dRPRSRINGIPETRGINRYBUGISA SHONPRY FTURS fSoln RIRCEIP: ITRE!Y C3AABGROBIENhe

present i n\hw;br@@edd&hhﬁgﬂgn@l@ﬁ% beiflterrAeHelc¥ @RbWN & ScHEPmET, Qirlfb}haﬂﬁjst@ﬁtngdwihased
on sol vents rgcognlzed %ygersons skilled in the ar as s

S o vt or ek S oy Amirg Shrids or SnuNeBlopasR s uier RO, SUPRILERL e

sol vent's sugdy RSmvaitied atdHy Pideest thoRealkfior Seqiiehdent s that are sol uble or
m scible in water. Suitable aqueous solvents include water, ethanol,

propyleﬁe gl ycol , polyethylene glycols (e.g., PEG 400, PEG 300), etc. and
m xtures theheek.1 The formul ati ons may al so 30i ncl ude one or nore buffers,
stabilizing agents, surfactants, wettipg agents, lubricating agents,

enul sifiers, suspendi ng agents, preseryatives, antioxidants, opaquing
agents, glidants, processing aids, cod mnt weet eners, perfum ng agents,
flavoring agents and ot her known add

2011/ 135520PCT/ 1B2011/ 051829 18 oné& or nowe t he exci pients descri bed

above. The conpound of the present inv on is pically fornmulated into
phar maceuti caldgsage forms to ovide an- easily cortroll able dosage of the
drug and toRenabpe fatient ¢ | iance with the prescr d regir@n. 5The

phar maceutical ‘Conpositio or application may be packaged in variety of
ways dependi ng n the method used for admi nistering the druyg Neeng Iy,
an article fcml\d)\trl on includes a container havi ngﬁh@gl\h i n
t he phar nadélt i®al Nf oprlil ation in an appropriate fornl/,\L;able\fdﬂ ai ners
are wel | known to rHmse skilled in the art and include materialfs(such as

bottles (plastic and gl ass), sachets, anpoules, plastic bags, 10 netal
cylinders, and thé Iike.s?he\gggtainer By al so incl ude t anper - pr oof
assenbl age to prevent indiscr acces;rfdjthe conteptS of the package. In

addition, the container has deposited Rthergol a | ab&l that describes the
contents of the coktainer. The |abel may gl so include appropriate rni ngs.

15Phar maceutical fornulations of the co nds t he present invention may
be prepared for various routes andH/¥pe§\Qﬂ\a stration. For exanple, a
conmpound of the inyention having t desiVedNdeyree of purity nmay

optionally be mxed with pharnac uﬁi | | yracCERt abl e diluents, carlriers,
excipients or stabilizers, in the formof allyophjlized formulation, mlled
powder, or an aquegys solutlon formul ati on may be conducted by 2@am xi ng
at anbi ent tenpg{ﬁfdﬁe at the appropriate pH and at the desired dégree of
purity, with physhq&bglcally acceptable cakriers, i.e., carriers ha are
non-toxic to reC|pJ§nts at the dosages and|concentrations enEfbM | pH
of the fornulatio pends mainly on the particular use and

concentration ﬂ /ﬂquqind, but may range from about 3 to about 8.

Formul ation in an acet uffer at pH5 i a SU|tabIe enbodi ment. 25 The

conmpound of this invention use herein | referably s ile. In
particular, formulations to be ed fOfIRLAH dm ni ation nust be

sterile. Such sterilization is readily accdhprlshed filtration through
sterile filtration nmenbranes. The conpound Qidlnarlly can be stored as a
solid conposition, a |lyophilized fornul ati as an aqueous 30sol uti on.

The pharmaceutical conpositions of the Amyengfop,w Il be fornul ated, dosed
and admi nistered in a fashion, i.e., qEEE ts, concentrations, schedules,
course, vehicles and route of admi nkstrafion, consistent with good nedi cal
practice. Factors for consideration in this context include the particular
di sorder being treated, the particular manmal being treated, the clinica
condi ti on dfor exampladovintfaductipatf betpiparérine substtuent intechel itriaingerucletibeonsi t e of
35del i ygry i 0| ; ullng of
adm ni 407 4 FionbR2ARE hporfo TRV B b BictodiBh il MENSFREH."
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is the m nimum anount necessary to prevent ora or treat
coagul ation factor nedi ated di sorder. Such amount is preferably beIOM/the
anount that is toxic to the host or renders the host significantly nore
susceptible to bleeding. As a general proposition, the



Sinitial pharmaceutically effective anmount of the inhibitor adm nistered
parenterally per dose will be in the range of about 0.01-100 ny/kg, nanely
about 0. Iwbao2@i3sspbkg of patient body wei ght per day, wpCh/Ba1bypzcal
initial range of conpound used being 0.3,40 15 ny/kg/day. 10Acceptable
diluents, carriers, excipients and stabilizers are nontoxic to recipients
at the dosa%qes and concentrations enpl,0o and include buffers such as

phosphat e Yipg mdth aepxyt e & eRnved Raé%/ashexﬂnw BRCIRMYE PRRECiRS Y/ As cor bi ¢
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such as metksthoxgethyr, @F’Yéadﬂ@tﬁ BT, - cgaemqmﬁbnylhaﬁdyt@loeﬁbert Ryfbl@h@z:anol 3-
pent anol; and m.creso b | ow mpl ecul ar ghu&o( ess than about 10 residues)

pol ypeppi dS4YIsHRYEI Y reartian weh ealenAly s ed gIy'aYliNglIdePr anfdrRI%bul i ns;

hydr ophi | i @oﬁ@rvm‘erosacw rﬂéth@@}wyudmlc%yl OArhyiHY& linkWie aatapdaneﬁlych as
gl yci ne, gl utanine, . aralne hi sti di ne I ni ne,

monosaccharreieged gming: c?éQ”‘aﬁBd 8t A &a9- Ba%gﬁ%maﬁ%g ?r%‘l"[]%"?thlﬂ MY fcose,

mannose, Oﬁurﬂ%XbraleEated:ﬁaﬂh@Ej éﬂ@d%ﬁﬂét&e&ﬁ&@acﬁ@n ﬁmﬁ/&laz@m&w es hh@thy&@r ethyl
sucrose, nmnnitol trehal ose or sorbitol: salt-form ng counter-ions such as

sodi um  nmet'alide gRpylavkerlide or geryloyhanwetids ¢ 21T eradng Q%HH%P”%SPP' it c

sur f acti@nt SagiCd ptecladBNnd MindibARONE GthbVean. AvhyiRbvh&iae ogtheddke(RGIin  The
active phar ITB.CEUtI ca

| redients may al sgwae ent raﬁrﬁ)ed in mcrocapsul es
prepared, i 28R PEN eﬁgq%‘%é’ﬁ@%"l" " NEWrToguRcCHMige s§ter ft b iagde OYE
pol yner i zattrheoabs.rfe@mnrae@anymg ahtyglraeyatéty| tﬁ@blﬂéhﬁ&% Wedged rBhétivR Withed Balo-
capsul es and rret hyl met hac I ate mcro a sul e respectively, in

col | oi dal HB%“!&%@' A 'E%?'Eﬁ%’ CPBY r@)f%’?ﬁb? S WUPB orres al bum n

m cr ospheres, m croemnul sions, nano-particles and nanocapsul es) or in
rracroe IS|ons 30Sust ai ned- rele se e tlons of co unds of the

i nventi n #anﬁéorﬁﬂeﬁé{?%ae%ﬁamrh |tge Es@a/of@@ @%ﬁ'%ﬂ%@%?% & PGS
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i nvention s@tﬂo@blsﬁuéd).rn ths aft. adm ni stration may be 5prepared as discrete
units such as pills, capsules, cachets or tablets each containing a
predet ermi ned anmount of a conpound of the invention. Conpressed tablets may

be prepar egh e HERBILSSIrBgarInG the SdthpEMde offBedliniéntioREit ﬁié?/lb\é%dk/zﬁ\ﬁé@ébu@ﬂ@ ina
free- rovm ng formsuch as a gowder or @ranucs opt i

|
bi nder 22| ulSFPYAI reagtinayRrodHots, o Rl T2 VED /Q/Jror%é'iafté{@é“%féf'?r‘%xﬁ@r‘ms'red
di sper si ng pagRidts of Mabil e@plorbb@issof BRYpshre BEsiRateY an@/iodpmueb% fheadasitbd abl e

machi ne a nj xturoer of the tgg)mﬁgr ed active mg dhent ene W th an i nert
liquid dil (&8Eee orRamegsiel § CSPRIPLTRFIYMBR INdtBe Add ¥ SHEySeprgations
optionally |rwroﬂ/efrﬁmmpﬂaab%dtra@oascrs/aannzazwhd@rrsé eulvert da@m/émlriumdrd,@iseiaabnpf

the active ingredient therefro Tabl e roches, | ozenges, ueous or oi
e part e subfieionr & ianHoRan: G oERNARLY CoR IRl SRy NRErECPeGhs
capsul gg, wngmgjedr@xamp@amrs@Sphasyraﬁ@ﬁo@ﬁal@has@ elBXyglubien Ibe pacHfgd;ST or
oral use. Fornul ati ons, of compounds, of |n ention i ntended for oral use
o e o O eAsaRa Ry o MiHi AyameRglPhy dng e e ety Sl

manuf act ur ecaik apb@rm@uultafealmmm)@@d @m)%@wewaheqﬁmpﬁsmtk apsr may

contain one, or agents in n ents voring agents,
col ori ng agBm™a %ﬂap®$é§@F®@ﬁ§<§@ g§° 5$mfgaﬁﬁﬁwpééﬁa pal at abl e
preparat i O@hrdﬁ@dlé@'bﬁh)ﬂ@l’rhbmeﬂblégs bfr&pa@mbwmetrrtgirsemomts tic@trAehTiok s Wiigumd th 20
non-to %c ph rnaceutlca &%facce ta XClI Eﬁfnt whi ch are sHltabIe for
manuf acPur &'92 €38FU e e5ted Mograpta eCa e DRGSR BIP¥S LRFIBAgE Pgflia. or
exanpl e, i nigg kikedi | uents, such as cal ci um or sodi um carbonate, | actose,

cal cium or sodi um phosphate; granul ating and di sintegrating agents, such as
mai ze starch, or alginic acid; binding agents, such as starch, gelatin or
acacia; and lubricating agents, such as magnesi um stearate, stearic acid



250r talc. Tablets may be uncoated or nmay be coated by known techni ques

i ncl udi ng m croencapsul ation to delay disintegration and adsorption in the
gast r oi ntwetznnai3siznact and t hereby provi de a sustai ned a&criiBwiovaEs2% | onger
period. For exanple, a time delay materigl such as glyceryl nonostearate or
gl yceryl distearate alone or with a wax nmay be enpl oyed. 30 For treatnent
of the eye or other external tissues, e.g., nouth and skin, the

formul ations are preferably applied as a topical ointnment or cream

cont ai ni ng DidRerd6inkeHe nivigres @he B cEparhiddamo AEiAtivialial digtere¥ABRI ¢h the bAdiE t O
20% w w. When fornul at n oi ntment, the %ﬁ%lve in redlents may be
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an oil-in-water cream base. |If desired, the %%;eous phase of the cream base
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the active ingredient through the skin or other 5affected areas. Exanples

of such der\fgh SPERE! IN&GOBIPOERTRATRE BTSRRI IDRITAN MAVIRA AtRISPBIEHIRGAE 1 el at ed

anal 0930 Thengiidred RB@SR oPthid iNGerdicH] Bhamionets tah dsd By S&idreBd BgYis®ef a chiral
constituted fromknown ingredients in a known manner. Wile the phase may

conpri se Ci/%‘t'f“'érmlsﬁler it desirably conprises a m xture of at |east
one enulsifier with a fat or an oil or with both a fat and an oil.
PreferanyA@%ﬁqﬁgro h|||c enul sifier is included 10together with a

| i pophilic ERI#Ilch acts as a stabilizer. It is also preferred to

i ncl ude botriheadnPolind@ 6t tike fn@éntlo-ﬁlf?ﬂﬁl Médmhi@ﬂbr@drbi/ shy teitd Sppropridle @ thei t hout

stabilizer(s) make up the so-cal enul si fying e wax, toget her
with thg ou(CP?‘%%P Pat%eptﬁ%ﬂi%d L?b“t‘f“ﬂ% rdesiariudg Oérhﬂaé?rft9rah@"€‘f$ﬂ%mcuﬁﬁ§ USahi ch

forns the @ittambceBEiRelephRS dt@brtéms, i6tfRMMED Midthathiams. epiidipi fiers and
enul sion stabilizers |tabefor uselnthefo ation of the 15i nventi on
breds) (R

i ncl ude TWd@ARYS™MED el arRse): gcal frelpdipg JHgal an kM39nalal cohol ,
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suspensi ons of co nvention contain the active materials in

adm xture W& W’Eﬁ‘ﬂ?&?ﬂyé)eﬁi{“ﬂ'a'ﬁieéeq‘ By infralesipgal FoqHRisiradioBs '”QH%‘BSGE”‘JS'”Q or

SUSpenQOon%the‘ﬁNE;B c3RERXEgthe (St wmﬂh@dmatowéwdamlmm It GAlcde as sodi um
scarnel | ose, povi

car boxynet hyl ce| | u one t hyl cel | ul ose,
hydr oxzpro PFW%PL‘BEQI'”FM giEed YR TAY 4P |"H@39re’i?<5‘? FhﬁﬁOBQ'F'?%PfsﬂﬁSne gum
tragacanth r@memuwr@eeameazon@adndilssa@emﬁst@gad%rawetttnhé;g)@mﬁmgteaua@ha @ a
natural ly occurrin hos\% at i ééq g | eci t hl% a condensat i OEI roduct of
an al kyl en&3p! %iéataffﬁtca 1ty 2 PPaRaGgUiically accenty SZ%FWI%@'%‘M%{ edye a
condensat i @am%@rﬁcméta@tmméteﬂidmar@n@rawmdﬁay\bé fbrmulamglﬂh@bﬁarﬁ{écﬁlh\tﬂiallyﬁt f

n product o

al cohol._(e. t adecaet h Jeneo - cet anol ensa

et hyl ef@ ﬁga"é"t%ﬁgﬁa%&’”fﬁ? hve '|Cle é¥ adetidogea 'P@ma@%rfafwsa{qtﬂ eQr*P&Oé{V hexi t ol
anhydride (e.g., polyoxyethylene sorbitan nonool eate). The aqueous

suspensi on r ives uch

0 contain one or e eth h or
o ot opyl * pHy A DEALATR P RBARHRES SBTGRtoH) T BN €Dod 900 g e
flavoring @@ﬁi@bancaMh@nﬁeﬁmOnsmtwu@lsjw@hﬁplb@@baltemosmg ngSbuasosmgrmwe or
saccharin. The @qﬁ: ceuti cal %% |ons | qunds of qg nventlon
may be in tREPPYY Aofosg agehg ¢ eé‘é anfe2 a%@ VG, PeE dan (RIR) 7 81%¢% i | e
:c nj eclt abl gfr@qumgsd@denalngaml tRO PRardisEPRIAGticcdhd pHairdaddyRemRl 8padTRYs, Iluding
ormul at e (S:(():I‘(F)){IOI‘II rc]jgstrlbutlon meta t%wgma%d excreﬁ’on cr)}(%ﬁe particular compound. In addition,
toxicity factors may influence the dosage and administration regimen. When administered
orally, the pill, capsule, or tablet may be ingested daily or less frequently for a specified
period of time. The regimen may be repeated for a number of cycles of therapy.
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35suitabl e di spersing or wetting agents and suspendi ng agents whi ch have
been nentioned above. The sterile injectable preparation may al so be a
steril e iwpeotiatsb®osol uti on or WD 2011/ 135520PCT/ 1B201 PCOARBAB0AR29
suspension in a non-toxic parenterally aggeptable diluent or solvent, such
as a solution in 1, 3-butanedi ol or prepared as a |yophilized powder. Anong
t he acceptabl e vehicles and sol vents that mal)é be errBI oyed are water

Ringer's s&iARRAYAISALNG OBSEAT BVRBIAN @rf L3RfdPidesaling dispates. pondiings endier

sterile fixR@drars mclmlhgCBu\HREfimBERiol 1hobé charateNasl Bsover 8Rbréesién 6f lipid
5suspendi n this

_medi um For. pur pose any bland fixed oil may be enpl oyed
i ncl udi ng g‘v}‘?ﬁﬁ%ﬁ-% Pﬁ%h'aa%r‘\ca?rgﬁgg e?i‘?}é‘%ﬁaﬁpﬁ"%ﬁéﬁ"f irHﬁ?t'@df‘%/'vgeo?c’Fg@Og%efh as
ol ei ¢ aci dt@iind bisel&iEing Qises8st dritohfiBony tBRBdAtHePeéd bihreddradd BB inhibRg
aqueous_and nonaquequs sterller%g%ectlon sol uti ons may co

> pntaln
ant i - oxPdanP'd kingges.dpcuding P& IULPAPR- ArenesnbrdimeinineinetBadiepmprizes
formul ati O%dhﬁrﬂét@mﬁg{:tovﬂ Bmi2 inhe@dh &b of N dhetdpfetnctng effedtivBia®itunt fgleous and
non- aqueous 10steri] e suspensions may include sus endln% agents and

t hi ckeni ng S8B@RYRI OfHBE HYERIINAR O BRTIASERIGapFOrPRESIHOR| O RBdtration to the
eye al so include eye drops wherein the active ingredient is dissolved or
suspended in a suitable carrier, especjally an %gﬁeous sol vent for the

active i ng/iSRasAE angrrendifions igaiahis AgPeling todhemethads gf (hisipwting indlidey by

15f or mybat i@ Botl limiddEONRABET stdkendiabetad Hépafdnfedaly, 4¥ovbdbuldr Alseazanpl e
about 0.5 t? 10% w w, for exa%ﬁée about 1.5% w w. Fornul ations suitable for

t opi cal adM#Ie4De & FieHPSE rCYSHe IMBSIE rAYIHIMMUIE diSsReRs Lhes PP HESIERSISict i ve
i ngredi ent psbrigsid, laBergiceisdp@sis Snflanstatidry nsurelogRal dsstdasas hamne ragagant h;

20 pastilles conprising the active ingredient in an inert_basis such as
gel atin and"sﬁla%é"PPa',“o a?ﬁ&'?@é’é"’@rfaggfb%ﬁ@!a”%@”n‘HHWﬂHé?%ﬂ%%”Cé’d#‘ﬁﬂ’ &Png the
active i ngrdedingdiiye bBnd@disbide ) b litdrative igorddrk BhfectrRisMideakérendifdns ect al
adm ni strati on,mag1 be gigsegt ed a@?a sSupposi }oré with a suitable 25base
conpr i $Png FBPCIAKAMHN sl oy hrambin-indrces Rigieiet gpgregatiqng phrgnigim e8aYs abl e
for intrapuduxerma {CMI), s AlseaskTipathldgat inpiuraceadifioRaintbivihg TSde @chiatiogxanpl e
in the range of to 500 mcrons (including particle sizes in a range

0.1 )
bet ween 0. PN4idNSai6ONeESBRPLAIR ner ement's nicrons such as 0.5, 1, 30
m crons, 35 microns, etc.), which is admnistered by rapid inhal ation

t hrough the_ nasal ssage or by inhalation through the nmouth so as to
30reach t h&3LFENUS @5@03”%%? a‘Eﬂoééj}‘F% P AiGtens CFHH? lﬁ‘d%”%?d‘d%?sihﬂ%e@w YPly

sol uti gns ot lirieecte! bréast, BerE et pro=titdLiestis, @Bsitctdhagitaet, k8spRRUEISynLRr

dry pomderdmﬂyrnstratio may be ﬁrqgaked accordiqg tﬁ conventi onal net hods

and may be agemadnsH e gPRar SteRasth Salit kralogernteom % SPESHPYENdS

her et of or e cdfftbrid) 1dr§& céIlr &REIRBME, in-gmaldeNlieng Sar€lh&hs esSLaR sArRscell bed

bel ow. Fornul ati ons suitable for vaginal adnministration my be presented as
4 Sngrag

35pessari eSArANHRb NI FYCBGFRICINGBR LONG AR 2dPBYRR. RANCESFH iNgMons
cont ai ni ng thyroidd@ilitil@ncdréinbme, @eliffieyéntiaf@r &tistha, S3apilaBadardifdria anifidind nown
in the_art tci be approg}r@i tg. WD 2011/ 13552QPCT/ 18921%1/ 051829 23 The

f or mul 4Pi oMREPRRMBHSAYER ag'@ denParHR M J¥Er GICIRRINE A0 BLBY RSB KIdneY or
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(l'yophiliz q) cgﬂgitlon requirin onlﬁ,ggg addi ti on,_ of the,fggrlle l'i quid
carrier, f29 AP ANGUGHPEYIN. RRGYI%n SN Indrsling. rRERM; 1359¢ Biestige.gggtum.,
Ext enPoranWﬁ ah@b@rﬁltdl?ﬂéw&@é gysit@ﬁ,lsH@dyvkirﬁeL@ﬂﬂf R @imga. @zﬁrﬁioﬁéﬁlmw’rgﬁtebé@n
sterile powder s, ranul es and ta ts t In [ evi Qu escr eq.
o ot o ren_uiar asde T Attt Re Futhords B8 i e or i Byt 572 Gk o
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t her eof , of fhe ctive in i

failure. eurodegenerg{iveedcljigge:[s'e which can be treated according to the methods of this
invention include, but are not limited to, Alzheimer's disease, Parkinson's disease,
amyotrophic lateral sclerosis, Huntington's disease, and cerebral ischemia, and
neurodegenerative disease caused by traumatic injury, glutamate neurotoxicity and

35 hypoxia. Inflammatory diseases which can be treated according to the methods of this



10The invention further provides veterinary conpositions conprising at

| east one active ingredient as above defined together with a veterinary
carrier twenefiomnss2oVeterinary carriers are material s useCwiBiooroiie® pur pose
of adm nistering the conposition and may.be solid, liquid or gaseous
materials which are otherwi se inert or acceptable in the veterinary art and
are conpatible with the active ingredient. These veterinary conpositions
may be 15adMeAiat BFlege Rt arft réqtam'tgsi i FRgUMATYF apriti PSefass: Codastdsamatiist e.
Conbi nat i ornt lierg8y hyhesspitvRurdstiéds. t he i nvention may be enpl oyed al one or
in conbination wth other therapeutic agents for the treatnent of a di sease
or disorder described herein, such as a 20hyperproliferative disorder

(e.g., canggblher bﬁb&ﬁbfmisﬂn@m@ﬁgf&mﬁefé a RNMPHIRE BHisahvdnien FareBtn B8
conbi ned in a pharpaceutical conbination formnul ation, or d05|ng regi nen as

combi naPi oNeeiEsM B theliserses AeAtIORY ARRSTIREd PN IRgsmammal, for example, a

anti - hyper piueanf QfRkihy &off R ise@Se O cdndaibn] AlséBRividedfi®thetuse @k bRBmPound
hyperproliferatjve disor econd cogfound of

, d der (e.g., cance_rg. The s ( t he
phar maceut it I’ B¥emicAd ihsPrerrafnafisgRe drarpeiforghe Bgpiment g Be 81558855 Ihas
conpl ement abdifeds dstiits fieihea WRMAVIBEYeBfanih®, duteRtd MBmA4E Rortd@mpldigy do
not adversely affect each other. Such conpounds are suitably present in

combi nat i oMUMRNaFHBEADE MPRRUCE SO ect i ve for the purpose intended. In one
enbodi pgnt, a conposition of this invention conprises a conpound of the
invention in conbination mﬁ%h a chenot herapeuti c agent such as descri bed
herei n. 30 FAREMRGHFHLPTBASTREY apy may be administered as a sinult aneous or

sequenti al 14 e@ier®use\¥esm@Bslimd It HieiheehtRRdoeRE tfdrapeutit ieaemmbiinaudieg may be
adm ni stered in two or nore nlnlstr@tlons. The conblnﬁg adm ni stration
r

\ ad . |
i ncl udes c®ARRRYIACEE FSRIMEAY of EAYNaR [P4IUding uBIaRS! thisinorgaly foangpisg|in
phar maceut izeabrdbfdeitéthdbrd pASHNERBERZVplatcedst Phariaabltval tdmptetiohher
order, wherein %efer,abl thehe,l S a t%ma ,gerl od while both %or all) active
agent s 18 mACFEEGUS S é%é%‘f ot ivepien Bgiedarraideda Rhasgacaylicel aompogtieages
for any of chbhprising¥eompburddflhikIHBAARCH 6886 3tldr0RilB2 Bhataeeatbayi st er ed
agents are thos;blggjﬁsentléxﬁsed and may be | owered due to the conbined

action (syREFeRf Y8REOhERU'S - i denti fi ed agent and ot her chenot her apeutic
agents or treatnents. 5In a particul ar enbodi nent of anti-cancer therapy, a
conmpound of_ the inveqtion may be conbjned with r chenot her apeuti c,

th
hor monal o™ WRERBIRMiRES Brepgied %wxwaéecoa&oepgﬁé CHREPLENh INVERIGREAN 2
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accor Ing 0 . presen I NVENTI ON us. co ri se e admnistratli on o a
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10cancer t @atorentiidbrs emerkhieydrepHilRt s h§lrobhebi€ aaRsHARG Gelati®foils N eRkent i on
and the otherﬂph%rgaceuﬁhcally active chenot her apeutic a&gg%gs% and t he
relative ti'fAIFIGIIJRe YefmThP SRHIGHIAGEAIRT Filusat Cepctien] used WHldEPeRdUBhEVe t he
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glycols (e.g., PEG 400, PEG 300), etc. and mixtures thereof. The formulations may also
30 include one or more buffers, stabilizing agents, surfactants, wetting agents, lubricating
agents, emulsifiers, suspending agents, preservatives, antioxidants, opaquing agents,
glidants, processing aids, colorants, sweeteners, perfuming agents, flavoring agents and

other known additives.

35 The formulations may be prepared using conventional dissolution and mixing procedures.

For example, the bulk drug substance is dissolved in a suitable solvent in the presence of
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15  Pharmaceutical formulations of the compounds of the present invention may be prepared
for various routes and types of administration. For example, a compound of the invention
having the desired degree of purity may optionally be mixed with pharmaceutically
acceptable diluents, carriers, excipients or stabilizers, in the form of a lyophilized
formulation, milled powder, or an aqueous solution, formulation may be conducted by

20  mixing at ambient temperature at the appropriate pH, and at the desired degree of purity,
with physiologically acceptable carriers, i.e., carriers that are non-toxic to recipients at the
dosages and concentrations employed. The pH of the formulation depends mainly on the
particular use and the concentration of compound, but may range from about 3 to about 8.
Formulation in an acetate buffer at pH 5 is a suitable embodiment.

25
The compound of this invention for use herein is preferably sterile. In particular,
formulations to be used for in vivo administration must be sterile. Such sterilization is
readily accomplished by filtration through sterile filtration membranes. The compound
ordinarily can be stored as a solid composition, a lyophilized formulation or as an aqueous

30  solution. The pharmaceutical compositions of the invention will be formulated, dosed and
administered in a fashion, i.e., amounts, concentrations, schedules, course, vehicles and
route of administration, consistent with good medical practice. Factors for consideration in
this context include the particular disorder being treated, the particular mammal being
treated, the clinical condition of the individual patient, the cause of the disorder, the site of

35 delivery of the agent, the method of administration, the scheduling of administration, and

other factors known to medical practitioners. The "therapeutically effective amount” of the
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complexes (e.g., Zn-protein complexes); and/or non-ionic surfactants such as TWEEN™,
PLURONICS™ or polyethylene glycol (PEG). The active pharmaceutical ingredients may
also be entrapped in microcapsules prepared, for example, by coacervation techniques or
25 by interfacial polymerization, for example, hydroxymethylcellulose or gelatine micro-
capsules and poly-(methylmethacylate) microcapsules, respectively, in colloidal drug
delivery systems (for example, liposomes, albumin microspheres, microemulsions, nano-

particles and nanocapsules) or in macroemulsions.

30  Sustained-release preparations of compounds of the invention may be prepared. Suitable
examples of sustained-release preparations include semipermeable matrices of solid
hydrophobic polymers containing a compound of the invention, which matrices are in the
form of shaped articles, e.g., films, or microcapsules. Examples of sustained-release
matrices include polyesters, hydrogels (for example, poly(2-hydroxyethyl- methacrylate),

35  or polyvinyl alcohol)), polylactides, copolymers of L-glutamic acid and gamma-ethyl-L-
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Formulations of a compound of the invention suitable for oral administration may be
5 prepared as discrete units such as pills, capsules, cachets or tablets each containing a
predetermined amount of a compound of the invention. Compressed tablets may be
prepared by compressing in a suitable machine the active ingredient in a free-flowing form
such as a powder or granules, optionally mixed with a binder, lubricant, inert diluent,
preservative, surface active or dispersing agent. Molded tablets may be made by molding
10  in a suitable machine a mixture of the powdered active ingredient moistened with an inert
liquid diluent. The tablets may optionally be coated or scored and optionally are
formulated so as to provide slow or controlled release of the active ingredient therefrom.
Tablets, troches, lozenges, aqueous or oil suspensions, dispersible powders or granules,
emulsions, hard or soft capsules, e.g., gelatin capsules, syrups or elixirs may be prepared
15  for oral use. Formulations of compounds of the invention intended for oral use may be
prepared according to any method known to the art for the manufacture of pharmaceutical
compositions and such compositions may contain one or more agents including
sweetening agents, flavoring agents, coloring agents and preserving agents, in order to
provide a palatable preparation. Tablets containing the active ingredient in admixture with
20  non-toxic pharmaceutically acceptable excipient which are suitable for manufacture of
tablets are acceptable. These excipients may be, for example, inert diluents, such as
calcium or sodium carbonate, lactose, calcium or sodium phosphate; granulating and
disintegrating agents, such as maize starch, or alginic acid; binding agents, such as
starch, gelatin or acacia; and lubricating agents, such as magnesium stearate, stearic acid
25  ortalc. Tablets may be uncoated or may be coated by known techniques including
microencapsulation to delay disintegration and adsorption 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 alone or with a wax may be
employed.
30
For treatment of the eye or other external tissues, e.g., mouth and skin, the formulations
are preferably applied as a topical ointment or cream containing the active ingredient(s) in
an amount of, for example, 0.075 to 20% w/w. When formulated in an ointment, the active
ingredients may be employed with either a paraffinic or a water-miscible ointment base.
35  Alternatively, the active ingredients may be formulated in a cream with an oil-in-water

cream base. If desired, the aqueous phase of the cream base may include a polyhydric



pPKB/PKB 1 pM pS6 1 pMpS6 1 pM4 /--\ *-NO \/ 13 ZSTK474 3.63 1.10 22.5
0.13 37.9 4.21 5  /--\ *-NN 33 4.13 0.37 18.5 1.70 67.3 1.26
WO 2011/135520 PCT/IB2011/051829

21

alcohol, i.e., an alcohol having two or more hydroxy groups such as propylene glycol,
butane-1,3-diol, mannitol, sorbitol, glycerol and polyethylene glycol (including PEG 400)
and mixtures thereof. The topical formulations may desirably include a compound which
enhances absorption or penetration of the active ingredient through the skin or other
5 affected areas. Examples of such dermal penetration enhancers include dimethyl

sulfoxide and related analogs. The oily phase of the emulsions of this invention may be
constituted from known ingredients in a known manner. While the phase may comprise
merely an emulsifier, it desirably comprises a mixture of at least one emulsifier with a fat
or an oil or with both a fat and an oil. Preferably, a hydrophilic emulsifier is included

10  together with a lipophilic emulsifier which acts as a stabilizer. It is also preferred to include
both an oil and a fat. Together, the emulsifier(s) with or without stabilizer(s) make up the
so-called emulsifying wax, and the wax together with the oil and fat make up the so-called
emulsifying ointment base which forms the oily dispersed phase of the cream
formulations. Emulsifiers and emulsion stabilizers suitable for use in the formulation of the

15  invention include Tween® 60, Span® 80, cetostearyl alcohol, benzyl alcohol, myristyl

alcohol, glyceryl mono-stearate and sodium lauryl sulfate.

Aqueous suspensions of compounds of the invention contain the active materials in
admixture with excipients suitable for the manufacture of aqueous suspensions. Such

20  excipients include a suspending agent, such as sodium carboxymethylcellulose,
croscarmellose, povidone, methylcellulose, hydroxypropyl methylcellulose, sodium
alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia, and dispersing or wetting
agents such as a naturally occurring phosphatide (e.g., lecithin), a condensation product
of an alkylene oxide with a fatty acid (e.g., polyoxyethylene stearate), a condensation

25  product of ethylene oxide with a long chain aliphatic alcohol (e.g., heptadecaethyleneoxy-
cetanol), a condensation product of ethylene oxide with a partial ester derived from a fatty
acid and a hexitol anhydride (e.g., polyoxyethylene sorbitan monooleate). The aqueous
suspension may also contain one or more preservatives such as ethyl or n-propyl p-
hydroxybenzoate, one or more coloring agents, one or more flavoring agents and one or

30  more sweetening agents, such as sucrose or saccharin.

The pharmaceutical compositions of compounds of the invention may be in the form of a

sterile injectable preparation, such as a sterile injectable aqueous or oleaginous

suspension. This suspension may be formulated according to the known art using those
35  suitable dispersing or wetting agents and suspending agents which have been mentioned

above. The sterile injectable preparation may also be a sterile injectable solution or
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suspension in a non-toxic parenterally acceptable diluent or solvent, such as a solution in
1,3-butanediol or prepared as a lyophilized powder. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's solution and isotonic sodium chloride
solution. In addition, sterile fixed oils may conventionally be employed as a solvent or
suspending medium. For this purpose any bland fixed oil may be employed including
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid may likewise be
used in the preparation of injectables. The aqueous and nonaqueous sterile injection
solutions may contain anti-oxidants, buffers, bacteriostats and solutes which render the
formulation isotonic with the blood of the intended recipient. Aqueous and non-aqueous

sterile suspensions may include suspending agents and thickening agents.

Formulations suitable for topical administration to the eye also include eye drops wherein
the active ingredient is dissolved or suspended in a suitable carrier, especially an aqueous
solvent for the active ingredient. The active ingredient is preferably present in such
formulations in a concentration of about 0.5 to 20% w/w, for example about 0.5 to 10%

w/w, for example about 1.5% wi/w.

Formulations suitable for topical administration in the mouth include lozenges comprising
the active ingredient in a flavored basis, usually sucrose and acacia or tragacanth;
pastilles comprising the active ingredient in an inert basis such as gelatin and glycerin, or
sucrose and acacia; and mouthwashes comprising the active ingredient in a suitable liquid

carrier.

Formulations for rectal administration may be presented as a suppository with a suitable
base comprising for example cocoa butter or a salicylate. Formulations suitable for
intrapulmonary or nasal administration have a particle size for example in the range of 0.1
to 500 microns (including particle sizes in a range between 0.1 and 500 microns in
increments microns such as 0.5, 1, 30 microns, 35 microns, etc.), which is administered
by rapid inhalation through the nasal passage or by inhalation through the mouth so as to
reach the alveolar sacs. Suitable formulations include aqueous or oily solutions of the
active ingredient. Formulations suitable for aerosol or dry powder administration may be
prepared according to conventional methods and may be delivered with other therapeutic
agents such as compounds heretofore used in the treatment or prophylaxis disorders as
described below. Formulations suitable for vaginal administration may be presented as
pessaries, tampons, creams, gels, pastes, foams or spray formulations containing in

addition to the active ingredient such carriers as are known in the art to be appropriate.
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The formulations may be packaged in unit-dose or multi-dose containers, for example
sealed ampoules and vials, and may be stored in a freeze-dried (lyophilized) condition
requiring only the addition of the sterile liquid carrier, for example water, for injection
immediately prior to use. Extemporaneous injection solutions and suspensions are
prepared from sterile powders, granules and tablets of the kind previously described.
Preferred unit dosage formulations are those containing a daily dose or unit daily sub-

dose, as herein above recited, or an appropriate fraction thereof, of the active ingredient.

The invention further provides veterinary compositions comprising at least one active
ingredient as above defined together with a veterinary carrier therefore. Veterinary carriers
are materials useful for the purpose of administering the composition and may be solid,
liquid or gaseous materials which are otherwise inert or acceptable in the veterinary art
and are compatible with the active ingredient. These veterinary compositions may be

administered parenterally, orally or by any other desired route.

Combination therapy

The compounds of the invention may be employed alone or in combination with other
therapeutic agents for the treatment of a disease or disorder described herein, such as a
hyperproliferative disorder (e.g., cancer). In certain embodiments, a compound of the
invention combined in a pharmaceutical combination formulation, or dosing regimen as
combination therapy, with a second compound that has anti-hyperproliferative properties
or that is useful for treating a hyperproliferative disorder (e.g., cancer). The second
compound of the pharmaceutical combination formulation or dosing regimen preferably
has complementary activities to the compound of the invention such that they do not
adversely affect each other. Such compounds are suitably present in combination in
amounts that are effective for the purpose intended. In one embodiment, a composition of
this invention comprises a compound of the invention in combination with a

chemotherapeutic agent such as described herein.

The combination therapy may be administered as a simultaneous or sequential regimen.
When administered sequentially, the combination may be administered in two or more
administrations. The combined administration includes coadministration, using separate
formulations or a single pharmaceutical formulation, and consecutive administration in
either order, wherein preferably there is a time period while both (or all) active agents

simultaneously exert their biological activities. Suitable dosages for any of the above
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5 In a particular embodiment of anti-cancer therapy, a compound of the invention may be
combined with other chemotherapeutic, hormonal or antibody agents such as those
described herein, as well as combined with surgical therapy and radiotherapy.
Combination therapies according to the present invention thus comprise the
administration of at least one compound of the invention and the use of at least one other

10  cancer treatment method. The amounts of the compound(s) of the invention and the other
pharmaceutically active chemotherapeutic agent(s) and the relative timings of

administration will be selected in order to achieve the desired combined therapeutic effect.

Methods of screening

15  The invention further relates to a method of screening for compounds binding to a lipid
kinase comprising
(a) binding a compound of formula (1), wherein R" is aminoethyl, acryloyl or
acryloylaminoethyl carrying a linker and a tag, to a lipid kinase;
(b) mixing with a compound to be screened for binding to said lipid kinase;

20  (c) measuring displacement of said compound of formula (I) based on the property of the
tag; and
(d) calculating binding of the compound to be screened from the result of the measured

displacement.

25 Alipid kinase may be any of the kinases mentioned hereinbefore, in particular
phosphoinositide 3-kinase (PI3K), mammalian target of rapamycin (mTOR), DNA-PK and

ATM kinase, more specifically PI3K isoform.

Mixing with a compound to be screened according to step (b) can be in many different
30  experimental set-ups. For example the compound to be screened can be added to the

complex formed according to step (a) from the lipid kinase and the compound of formula

() according to the invention by titration, in one batch in excess, or in one batch in less

than equimolar amounts, and the displacement determined with a variety of methods

depending on the property of the tag, also in a time-dependent manner. If the tag is a
35 fluorophore, the amount of the fluorophore can be measured, or the diffusion of the

compound carrying the fluorophore can be measured, which is dependent on the
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molecular weight of the compound carrying the fluorophore and its interactions with other
molecules. It is also possible to use FRET systems with fluorescence quenchers, and
other spectroscopic methods well known in the art. If the tag is biotin, any measurable
label can be attached through conjugation with avidin, then allowing avidin to bind to
biotin. With such an additional step, any such measurable label may be used in the

screening method of the invention.

Examples

Compounds 5-7, 11 and 12 are synthesized following the procedure in Scheme 2:

Scheme 2
o o o)
] ) ) )
NTSN N)*N N)§ )§

- . - N . NT™N
Cl)l\N/)\CI CI)LN/)\CI Cl)l\N/)\N/@ (\N)LN/)\N/Q
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F F
3 4
®
N
Py 5 R'=CH,
NN 1
Y 6 R' = CH,SO,
(\N NN 7 R' = CH,CH,SO,
11 R" = CH,(CH,),CH
N — 2 274 3
7 \) F\X\N 12 R = CH,CH,OCH,CH,
F

Cyanuric chloride 1 was substituted by morpholine in methylene chloride, at -50°C for 20
min to give intermediate 2. Replacement of the second chloride with 2-difluoromethyl-1H-
benzoimidazole in presence of K,COs in DMF, at -5°C for 30 min and further stirring at
room temperature for 4 h led to intermediate 3. The final step gave product 4-7, 11 and 12
by amination of intermediate 3 in presence of K,CO3; and DMF at room temperature for 45
minutes. Compound 4 is the known compound ZSTK474 prepared for comparison

purposes.
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Compound 8 is obtained from intermediate 3 by amination with BOC-protected piperazine,
followed by BOC deprotection and reaction with acrylic acid anhydride. Compound 9 is
obtained from intermediate 3 by amination with 2-(2-(piperazin-1-yl)ethyl)isoindoline-1,3-
dione, followed by reaction with hydrazine to split off the phthalimide protecting group.

Compound 9 is then treated with acrylic acid anhydride to give compound 10.

The inhibitor efficacy and the cell permeability of the compounds of the invention are
measured by in cell Western inhibition assay on melanoma cell line A2058 and TSC2-/-
MEFs cell line. Furthermore, in vitro PI3Kalpha inhibition is measured (Table 1). The
results are compared with the closest compounds of the state of the art: ZSTK474 (4), a
development compound of Zenyaku (compound 4 of EP 1 864 665), and compound 17
lacking the difluoromethyl group (compound 39 of EP 1 020 462).

Using N-methylpiperazine to give compound 5 and sulphonyl containing piperazine to give
compounds 6 and 7 had unexpected positive effects on their inhibitor activity against
PI3K. Increasing of inhibitor activity against PI3K, but diminishing of selectivity to mTOR
was obtained in compound 5. Replacement with more acidic and more soluble 1-
(methylsulfonyl)piperazine to give 6 led to excellent inhibitor activity in melanoma cancer
cell lines. When 1-(ethanesulfonyl)piperazine was introduced to give compound 7,
biological activity against PI3K was slightly decreased comparing to ZSTK474 (4), while

selectivity to mTOR became notable reduced.

The activity of compound 5 may also be compared with compound 17, the structurally
closest compound of the prior art. Compound 5 is substantially more active than

compound 17.

According to molecular modelling experiments, the oxygen atoms of sulfonyl group have
the potential to form an additional hydrogen bond with the target protein making this
compound more potent. Additionally, due to polarity of the sulfonyl group these

compounds have better water solubility than ZSTK474 (4).

Further positive effects were noted when introducing N-n-hexylpiperazine to give
compound 11, N-(2-aminoethyl)piperazine and N-(2-ethoxyethyl)piperazine to give
compounds 9 and 12, or N-acryloylpiperazine and N-(2-acryloylaminoethyl)piperazine to
give compounds 8 and 10, respectively. Introduction of an extended chain carrying a

fluorophore connected to N-(2-aminoethyl)piperazine still gave an active compound 13.
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Table 1: Inhibitor activity®
®
N
)
)\N/)\N@
F\XQN
F
TSC2-/-
A2058 cell inhibition | MEFs cell
In vitro inhibition
Compound R PI3Ka
pPKB/PKB pS6 pS6
1uM 1uM 1uM
4 N 13 [3.63+1.10|22.5£0.13|37.9 £ 4.21
7STK474 N o) .63 1. 50. 94,
5 *—N N— 33 413 +£0.37|18.5+1.70|67.3 £ 1.26
_/
/R
6 *—N N—-S— 17 9.59 £2.96|19.0 £ 0.54|42.3 £ 5.55
\ / 11
0]
/R
7 *—N N-S 35 30.7 £1.08|56.7 £10.6| 104 £ 4.27
NEVAR S
O
8 —N ‘NJ<; 8 [13.0£0.01|23.0 +4.22(95.0 +7.44
/ —
*—N N
9 s 3 50 |16.5+0.24(30.9 +4.06[89.9 + 9.50
H,N
“ Inhibitor efficacy and their cell permeability are measured by in cell Western inhibition
assay on melanoma cell line A2058 and TSC2-/-MEFs cell line; in vitro PI3Kalpha
inhibition is measured by Kinase Glo assay at 200 nM; given numbers represent %
remaining activity, the smaller the value, the stronger is the inhibition.
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Table 1: Inhibitor activity® (continued)
TSC2-/-
] A2058 cell inhibition | MEFs cell
[Compound R ’glg’é’: inhibition
pPKB/PKB pS6 pS6
1uM 1uM 1uM
*—N
__/
10 HN 20 3.99+1.18] 12.7 £1.69 |74.5 £ 5.90
0]
*—N N
11 — 45 (852 £3.71| 74.0 £ 10.3 |85.7 £ 5.71
*—N N
12 N/ 42 15.9+2.46| 24.4 +4.34 |77.1 £4.62
/—O
i
O
N
13 13 47.515.48| 57.3 £ 6.86 |95.5 £ 9.81

remaining activity, the smaller the value, the stronger is the inhibition.

® Inhibitor efficacy and their cell permeability are measured by in cell Western inhibition
assay on melanoma cell line A2058 and TSC2-/-MEFs cell line; in vitro PI3Kalpha

inhibition is measured by Kinase Glo assay at 200 nM; given numbers represent %




| / 13 47.5 5.48 57.3 6.86 95.5 9.81 a Inhibitor efficacy and their
cell perneability are neasured by in eel/ Western inhibition assay on
mel anoma wel2b11/1i38320A2058 and TSC2-/-MeEFs cel |l |ine; in wcrnBoRi/aiatpha
inhibition is nmeasured by Kinase Ao ass?y at 200 nM given nunbers
represent % remaining activity, the smaller the value, the stronger is the
i nhi bition. WD 2011/135520PCT/1B2011/051829 29 Table 1: Inhibitor
activity' (continued) N NI 17 In vitro Pl 3Ka A2058 cell inhibition
TSC2-/- NMEHS CelfT Tnhrbrtron

Table 1: Inhibitor activity® (continued)

TSC2-/-

N A2058 cell inhibition | MEFs cell
\ In vitro inhibition
N PI3Ka
)\ pPKB/PKB pS6 pS6
N™ N 1uM 1uM 1uM

| o
r/\N)\N/kN/\j

17 83 122 +2.58| 83.0 £3.31 [123+5.78

® Inhibitor efficacy and their cell permeability are measured by in cell Western inhibition
assay on melanoma cell line A2058 and TSC2-/-MEFs cell line; in vitro PI3Kalpha

inhibition is measured by Kinase Glo assay at 200 nM; given numbers represent %

remaining activity, the smaller the value, the stronger is the inhibition.

4-(4.6-Dichloro-1.3.5-triazin-2-yl)morpholine (2)
5  Cyanuric chloride (10.0 g, 54.2 mmol, 1.0 eq.) is dissolved in methylene chloride (60 ml),

and morpholine (4.70 ml, 54.2 mmol, 1.0 eq.) is added drop by drop to the reaction
mixture at -50°C, stirred for 20 min at the same temperature and poured into water. After
extraction with methylene chloride and ethyl acetate (two times), the organic layers are
dried over MgSO, and concentrated. Further purification is done by silica gel flash column

10  chromatography (70% hexane/ethyl acetate) to yield the title compound as a colorless
solid (3.60 g, 28 %). Rr: 0.72 (hexane/ethyl acetate, 1:1 v/v); "H NMR (CDCls, 400 MHz) &
3.89-3.87 (m, 4H), 3.76-3.74 (m, 4H); "*C NMR (CDCls, 100 MHz) § 170.85, 164.50,
66.79, 44.87.

15  4-(4-Chloro-6-(2-(difluoromethyl)-1H-benzo[dlimidazol-1-yI)-1,3,5-triazin-2-ylmorpholine
3)
Compound 2 (425 umol, 1.0 eq.) is dissolved in DMF (2 ml) and cooled to -5°C, treated
with anhydrous potassium carbonate (1.44 eq.) and 2-(difluoromethyl)-1H-benzo[d]-

imidazole (1.4 eq.), stirred for 30 min and further stirred at room temperature for 4 h. The
20  reaction mixture is diluted with water and the precipitate is filtered and washed with small

amounts of water. Purification is done by silica gel flash column chromatography. Rg: 0.72
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4 .4'-(6-(2-(Difluoromethyl)-1H-benzo[d]limidazol-1-y1)-1,3,5-triazine-2 ,.4-diy)dimorpholine

15 (4), ZSTK474

Following the general procedure, intermediate 3 (100 mg, 270 umol, 1.0 eq.) is coupled

with morpholine (28.0 ul, 320 umol, 1.2 eq.) for 45 min. Extraction with methylene chloride

and water yields the title compound as a colorless solid (110 mg, 96%). Rr: 0.45

(methylene chloride/methanol, 95:5 v/v); "H NMR (CDCls, 400 MHz) 5 8.34-8.32 (m, 1H),
20 7.90-7.88 (m, 1H), 7.56 (t, J = 53.6 Hz, 1H), 7.46-7.37 (m, 2H), 3.88-3.79 (m, 16H);

3C NMR (CDCls, 100 MHz) 8 165.41, 162.41, 146.60, 142.36, 133.97, 126.19, 124.81,

121.76, 116.23, 108.83, 106.44, 67.04, 44.46, 44.37; "°F (CDCls, 400 MHz) & -118.41

(d, J=53.9 Hz, 2F).

25 4-(4-(2-(Difluoromethyl)-1H-benzo[dlimidazol-1-yI)-6-(4-methylpiperazin-1-yl)-1,3,5-triazin-
2-ymorpholine (5)

Following the general procedure, intermediate 3 (100 mg, 270 umol, 1.0 eq.) is coupled
with N-methylpiperazine (36.0 ul, 320 umol, 1.2 eq.) for 45 min. The obtained residue is
purified via silica gel flash column chromatography (5% methanol/methylene chloride) to
30 yield the title compound as a colourless solid (100 mg, 85%). Rr: 0.11 (methylene
chloride/methanol, 97:3 v/v); '"H NMR (CDCls, 400 MHz) & 8.33 (d, J = 8.1 Hz, 1H), 7.89
(d, J=8.6 Hz, 1H), 7.71-7.37 (m, 3H), 3.93-3.87 (m, 8H), 3.79-3.78 (m, 4H), 2.52 (br. s,
4H), 2.38 (s, 3H); *C NMR (CDCls, 100 MHz) & 165.46, 165.17, 142.36, 126.15, 124.76,
121.73, 116.25, 67.08, 55.12, 46.48; "°F (CDCls, 400 MHz) § -118.43 (d, J = 53.9 Hz, 2F);
35  ESI-MS (CxH24F2NgO): Calc'd. 431.21 (M"), Found 431.40.
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Fol |l owi ng the general procedure, internediate 3 (70.0 ng, 191 [tnol, 1.0
eq.) is coupled with 1-(ethanesul fonyl)pi perazine (40.8 ng, 229 [tnol, 1.2
eq.) for Wb aaim3seutracti on with nmethyl ene chl ori de andpaatiBzo1ybaBzs t he
title conpound as a colourless solid, whj %h is 20used wi thout further
purification (95.0 ng, 98% . RE: 0.50 (nethylene chloride/nethanol 97:3
v/iv); 1HN|\/R(CDCI3_, 400 I\/Hz)68.32_829 m 1H), 7.90-7.88 (m 1H),
766738(4D -ban 3 ) 5,34 ;

3.02-2.97 (M!!D@gﬂd)zm ‘ﬂ.}(l%&oé-Q,enJ’Foﬁeﬁ)HZ 3H) 130 NNR (CDC| 3 100 |VHZ) 6
165. 41, 142.36, 126.29, 124. 1 121. §3 116. 14, 110.48, 67.03,

26.92, 8. 230 agpitopstAd4-(44d Wwe@y i fHbepgolddimidpzal-5yi)-§- (pwe%*zi:ylﬂé@ VB

0211- 126F 1
(921123 MBSO K 81 S e Yt o 6

i)ri N 15- - HQE-eroteqipd NRRIERINe accqrding tathe generalRrecedyre fritpwed byidepepteion) in

2011/ 13552 1320 lethyl 46.0 ul, 264 umol, 1.
1-(4-(4- (Zgﬁ)&ﬂ- %Eétz)ronet hyl ll—l-?%aedndzegrdl\jldrlrllscé%gg ° yaane ( m)rL;l)hoq |Lrl1r8c-)1, 3,5-tr
i azi n- 2- \¢D9|qndraa;mllqanhMrl)jp|(27p7 24 @A0 1ohd.( 89.). The reactiohumiktore igfstirred for 2

¥ 0 ari e 5 IR Pt o SRER Dol ILASAR bdiekh Y BB AR B £ i

i nt er nedi atcbrcﬁnaiograW/pmtreoolémeﬁlyﬂm‘teai\iqmde}ayjelds thentgletoontplogngeser al

Bdea N0n GERLBAR ol (HRNNG, #60) Rt o8 (ERDUAS PRofily Al SRl ri) IR, |

anhydri de (QDCE, 4(10 MHz}Z&e Jot(dnodF 7.58. iz, ddil),) 7.8 THAS5r(ead Hi), 0166+ 36 Yme 3HE 683-r r ed

f 2 h at t ) B e ration, a ifi i i

ST oa ol Sl EOTGRAH, P mB ol ARy o8y B P bl 4BY S EPRae,)
Ut hyl ene Chbnr o] bet hano| é?F%@g‘?@'S?“"?“ T R (D03 460" My 6 8. 30 (d
net ene no VIV , . ,
J = 7y58 Hz4<9‘93@?>i)('\"3/gEL @319{ 7.66-7.35 (m 3H), 6.63- 6.56 (m 1H),
6.34 (dd, J= 1.8, 16.7 Hz, 575(dd J= 1.8, 10.6 Hz, 1H), 3.90-3.86
m 8 3.79-3.67 19F (0DOI 3, 400, MHz X ESI-IVB 022H24F2N802
g:al c' I(;) 49§°§EP°C’N/9@Wﬂ%l-gf‘émﬁpaff%’?@cf@rd”lgstoéﬁ%d?ndd 9 and 10 gare prepar ed )

according to Schenme 4

Scheme 4
E:] E:] E:] E:]
PN A A

20
2-(4-(4-(2-(Difluoromethyl)-1H-benzo[dlimidazol-1-yl)-6-morpholino-1,3.5-triazin-2-
vhpiperazin-1-yl)ethanamine (9)
2-(2-(4-(4-(2-(Difluoromethyl)-1H-benzo[d]imidazol-1-yl)-6-morpholino-1,3,5-triazin-2-
ylpiperazin-1-yl)ethyl)isoindoline-1,3-dione (16) (70 mg, 119 umol, 1.0 eq., obtained from

25 intermediate 3 and 2-(2-(piperazin-1-yl)ethyl)isoindoline-1,3-dione) is taken up in ethanol
(326 pl) and treated with hydrazine monohydrate (6.4 ul, 130 umol, 1.1 eq.). The resulting
mixture is refluxed at 100°C for 5 h, whereupon a white precipitate formed. The slurry is
allowed to cool and then treated with conc. hydrochloric acid (28.4 nl) followed by
refluxing again for 1 h. The slurry is allowed to cool to room temperature and the white

30  solid is filtered off. The filtrate is evaporated in vacuo and the residue taken up in water

(1.5 ml) and the solution brought to pH 11 with 1 M NaOH. The aqueous phase is
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3 77 (br. sm, 6H): 13§Nﬁ@t@d@3 (175 \BkD) 5 R5E2; 26505, (154. 62 @@014%;'\4% 145663, 125
MHz) 6 165.62, 165. 05, 77, 162.02, 146 17, 145 96, 145 75 141.94,

133.58, 1304805, 1‘2189‘2633)@@61%(1180 128281 126,5% 125,811 53443, 12174, 8858811036,
108.45, 106.54, 66.66, 56.65, 52.68, 52.52, 44.07, 43.95, 43.47, 43.26, 35.90; '°F (CDCl,,

400 MHz) § -117.49 (d, J= 53.9 Hz, 2F); ESI-MS (C,4H0F2NoQ5): Calc’d. 514.25 (M"),
25  Found 514.30 and 536.24 (M+Na)", Found 536.20.

4-(4-(2-(Difluoromethyl)-1H-benzo[d]imidazol-1-y)}-6-(4-hexylpiperazin-1-yl)-1,3,5-triazin-

2-vlYmorpholine (11)

Following the general procedure , intermediate 3 (70 mg, 191 umol, 1.0 eq.) is coupled
30  with 1-hexylpiperazine (44.5 ul, 229 umol, 1.2 eq.) for 45 min. Extraction with methylene

chloride and water yields the title compound as a colourless solid (90.0 mg, 94%). Rr:

0.44 (methylene chloride/methanol, 95:5 v/v); '"H NMR (CDCls, 400 MHz) & 8.35-8.33 (m,

1H), 7.90-7.88 (m, 1H), 7.58 (1, J = 53.5 Hz, 1H), 7.45-7.37 (m, 2H), 3.89-3.87 (m, 8H),

3.79-3.77 (m, 4H), 2.51 (s, 4H), 2.38 (t, J = 7.7 Hz, 2H), 1.54-1.49 (m, 2H), 1.34-1.28 (m,
35 6H), 0.89 (t, J = 6.8 Hz, 3H); "*C NMR (CDCls, 100 MHz) 5 165.48, 165.06, 162.39,



108. 45, 106. 54, 66.66, 56.65, 52.68, 52.52, 44.07, 43.95, 43.47, 43. 26,
35.90; 19F (CDC 3, 400 MHz) 6 -117.49 (d, J= 53.9 Hz, 2F); ESI-MS
(024H29F2M00R)171382hc' d. 514.25 (M+), 25Found 514. 30 andPE3ABRA1/(NBINA) +,
Found 536. 20.

4-(4-(2-(Difluoronethyl)-1H benzor dl i m dazol 1-y1)-6-(4- hexyl pi per azi n-1-yl

)-1,3,5-triazin2- nor 11) ovmn t he era roce
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wi th net hyl ene chlori de and water yields the title conpound as col ourl ess
solid (90. Gard- S914P. (MR’EFOQ”QQOA(%t hyl ene chl ori de/ met hanol , 95: 5 v/iv): 1H
NVR (CDCl 3, 400 MHz) 6 8.35-8.33 (m 1H), 7.90-7.88 (m 1H), 7.58 (t, J =

53.5 Hz, lH), 745737 (m 2H), 3893 379377 (m 4H) 2.51
(s, 4H)? 2434 Diflyorompettyy!) po[dlimida q yhpiperagineiy)-356
0.89 (t, J3 H58iddh-2 rohdkh (coa 3, 100 MHz) 5 165 48, 165.06, 162. 39
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(d, J = 53.9 Hz, 2F): ESI-MS (023H30F2N802) Calc'd. 489.26 (M+), Found
489, 20. , .
(E)-3-(4- (2464 ' :
bhol i no- 1 Fridrin-2-vl)piperazin-1-yethyl)amino)-6-oxohex Iamlno -2-oxoethoxy)styryl)-5,5-difluoro-

'\t/rll) aél, d| 1}|b| geerngé !5] é vl f .eiquélcaimn@?h?’cﬁ] lalzal u.”Bf Ilfm ng) E gsoihoxv) stvr
, 3, 21di azabrd gWlitioh-df énpolidi® (1.4.8Y., 6.88 umol, 3.16 mg) in abs. DMSO-ds (100 ul) is
added at room temperature Bodipy 630/650-X (Invitrogen, D10000) (5.00 mg, 7.57 pmol,
1.1 eq.) dissolved in 200 pl DMSO-ds. The reaction mixture is left in the NMR-tube and
controlled by NMR. ESI-MS (CsoHs3BF4N1204S): Calc’'d. 1005 (M*), Found 1005.
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Use of fluorophore containing compound 13 as reference inhibitor for PI3Kgamma isoform

Fluorophore containing compound 13 can be used as a reference inhibitor by
fluorescence correlation spectroscopy experiments in which the binding constants of novel
inhibitors are determined. Compound 13 binds to the PI3Kgamma isoform, which leads to
30 anincrease in diffusion time. When the enzyme is saturated with compound 13, new
possible ligands can be tested by observing the release of compound 13. This leads to a

decrease in diffusion time.



To a solution of conpound 9(1.0 eq., 6.88 lanol, 3.16 ng) in abs. DVSO d6
(100 pi) is added at room tenperature Bodi py 630/ 650-X (Invitrogen, D10000)
(5.00 ng,wo.2bin/13s3ml , 1.1 eq.) dissolved in 200 11. 1DVS@caAB20Tivesismact i on
m xture is left in the NVR-tube and contgglled by NVR ESI-M

(0601- 163BF4N1204S): Calc'd. 1005 (M+), Found 1005. 25 Use of fluorobhore
cont ai ni ng % ound 13 as reference inhibitor for PlI3Kgamma isoform
FIuorophoré;@ ai ni ng conmpound 13 can be used as a reference inhibitor by
fluorescence correl ation spectroscopy experinments in which the binding
constants of novel inhibitors are determ ned. Conpound 13 binds to the

Pl 3Kganma ﬂsdﬁ%@ﬂ?mﬂﬁﬁgﬂ”Fﬁgﬂg to 30an increase in diffusion tine. Wen the
enzyme is saturated with conpound 13, new possible |igands can be tested by
observing the rel ease of cgnpound 13. This leads to a decrease in diffusion
time. WO 2011/135520PCT/ 2911/051829 35 Cainms 1. A conpound of formula
(rHn ...,..0.,.... R- 5—R>) wherein Rl is methyl, n-hexyl,

am noet hyl , nethylanlnoet M et hyl am noet hyl , dlnethylanlnoethyl

acryl oyl am noet hyl , met hac onyIaninoethyI, nethoxyethyl, ethoxyethyl,

Crat - al kyl sul fonyl, acryNOoy¥N or acryloyl; or Rl is am noethyl,

acryl oyl or acryloylamgﬂgt%é ing a linker and a tag, and R2 and
R3, independently S hydrogen or Cl-C4-al kyl, or R2 and R3
t oget her form an qg yI ne bridde; /and tautoners, solvates and
pharnaceutlcall ~actept abl$\sg§\§4thereof 152. The conpound of fornula (1)
according to cIa|n11 wher ei n is methyl, n-hexyl, 2-am noethyl,

2- (met h§l ami no) et hyl , 2-(ethy anlno)et%& , 2-(acryl oyl am no) et hyl ,

2- nethoxyegn%kﬂnZ ethoxyethyl C1C4- al kyl sul fonyl, acryloyl, or

net hacryl oyl 3. The conpound of formula (I) accordlng toclaim1l
wher ei n 20|31 is methyh Mk RINoedyt yneaslyylarinogthyla ethylaynagtivhshireethyleminogghy!.
carrying aawﬁg@arm.a&c{ \A}ﬁ théac |oy|ammcéethyT hﬁeﬁ@W%thy&lﬂ&lW' &, Lly-

according to cl'laim 1l wherein B net iyl , 2-am noet
2- (acryl oyISHH@Wb)aéfWRb’I' or mehaseRdtan s aminepthyliperyioyl ¢ o argyizninpethyl |
i so- pragy! 4k{iRg¥link&dnyl L¥b; ary nethacryloyl

R? and R, independently of each other, are hydrogen or C-C4-alkyl, or R? and R®

together form an ethylene bridge;

and tautomers, solvates and pharmaceutically acceptable salts thereof.

15 2. The compound of formula (l) according to claim 1 wherein
R'is methyl, n-hexyl, 2-aminoethyl, 2-(methylamino)ethyl, 2-(ethylamino)ethyl, 2-(acryloyl-
amino)ethyl, 2-methoxyethyl, 2-ethoxyethyl, C4-C4-alkylsulfonyl, acryloyl, or methacryloyl.

3. The compound of formula (I) according to claim 1 wherein

20 R"is 2-aminoethyl, acryloyl or 2-(acryloylamino)ethyl, each carrying a linker and a tag.

4. The compound of formula (I) according to claim 1 wherein
R' is methyl, 2-aminoethyl, 2-(acryloylamino)ethyl, 2-ethoxyethyl, methylsulfonyl,
ethylsulfonyl, iso-propylsulfonyl, acryloyl, or methacryloyl.

25
5. The compound of formula (I) according to claim 1 wherein
R' is methyl, 2-aminoethyl, 2-(acryloylamino)ethyl, 2-ethoxyethyl, methylsulfonyl,
ethylsulfonyl, or acryloyl.



25 5. The compound of formula (I) according to claiml1 wherein RL is

met hyl , 2-am noethyl, 2-(acryl oyl am no)ethyl, 2-ethoxyethyl,

met hyl sulworgi/13et2nyl sul fonyl, or acryloyl. WO PCT/IB2011/051829

2011/ 135520PCT/ 1B2011/ 051829 36 6. The c]%rpound of formula (I) according to
a

claiml wherein R1 is nethyl, 2-(acryloylam no)ethyl, nethylsulfonyl, or

acryloyl. 7. The conpound of fornula ﬁl)t according to claim1l wherein 5R1
i s 2-ani no&t i\ GMPRERY Phiprmula sl geesdipg g2l | WHREN and a tag sel ected from
bi otin, a R'UOmMRENYDEabyIoHaRMI)ERYI, digislifodyl, oFentgmpound of formula (1)

according to any one of clainms 1 to 7 wherein R2 and R3,
i ndependently of each other, are hydrogen, nethyl, ethyl, or isopropyl, or

R2 10and R3.to@eloRfouh®bMormilBiutengingto aginel wkersie bridge. 9. The
conmpound of_fornmula (l1) according to any one of clains 1 to 7 wherein R2

and R3 are Mdt AreRy BRT agHaYln NINgritlinkReanre? g Selese M DI |, or
f orm t oget hgbropRoRtdrdl @Rendtciséag. 15 10. The conpound of formula (1)
according to any one of clainms 1 to 7 wherein R2 is (S)-2-nethyl,

(R-2-methyl, (R-3-nmethyl, or (S)-3-nethyl, and R3 is hydrogen, or R2 and
R3 are (2R,863)h_e?ooﬁwél1ﬁ@bh%|'muléZI?a@(R)rdiBg@7Qhw&iefw'daiﬁgﬁﬁﬁ)wr%r&ndl met hyl ,
(2S,59)-2,5;, dingthyl, (3S, 5;)- 5-di net hé{/l , é38, 5S) - 3 5-d|_metg$/l , a,

2, 5- et hyl efie Bfiftigdepensiegly aimach piherardnydgecn andhy. ey PFRP B RIR or
bot h hydr ogan.R>1dgetldrgorePapriigerf orfaaremifighd Bridgaccording to claim 1 wherein
RlL is nmethyl, n-hexyl, 2- am noethyl, 2-(acryloylam no)ethyl,

2- et hoxyet hyl, nethyl sul fonyl, ethylsulfonyl, or acryloyl, and R2 and R3
are hydr ogen.ThéTombdund BEfCEAIA QY BEcHEing & M) énd dfclags artdi7nghdréincl ai m 1

wherein Rl i,s t.hyl . 2- (.acryl oyl am no)ethyl, nethylsulfonyl,  or acryloyl,
and R2 and FREMARS %%Mwﬁrogex, orle hyggeniaad iSRRG SONHRREVA of fo

accordi ng teyetthetiamethydry ftidyeRL i s nmethyl or 30net hyl sul fonyl, and R2 and
R3 are hydrogen. WO 2011/ 135520PCT/1B2011/051829 37 15. A nethod of
prevenﬂ?ng or treating a disease or disorder nodul ated by PI3 kinases

10. The compound of formula (I) according to any one of claims 1 to 7 wherein
R? is (S)-2-methyl, (R)-2-methyl, (R)-3-methyl, or (S)-3-methyl, and R® is hydrogen, or R?
and R® are (2R,6S)-2,6-dimethyl, (2R,6R)-2,6-dimethyl, (2R,3R)-2,3-dimethyl, (2S,5S)-2,5-
dimethyl, (3S,5R)-3,5-dimethyl, (3S,5S5)-3,5-dimethyl, a 2,5-ethylene bridge, a 2,6-

20  ethylene bridge, a 3,5-ethylene bridge, or both hydrogen.

11. The compound of formula (1) according to claim 1 wherein R" is methyl, n-hexyl, 2-
aminoethyl, 2-(acryloylamino)ethyl, 2-ethoxyethyl, methylsulfonyl, ethylsulfonyl, or
acryloyl, and R? and R® are hydrogen.

25
12. The compound of formula (1) according to claim 1 wherein R is methyl, 2-

(acryloylamino)ethyl, methylsulfonyl, or acryloyl, and R? and R® are hydrogen.

13. The compound of formula (1) according to claim 1 wherein R" is methyl or

30  methylsulfonyl, and R? and R® are hydrogen.

14. A pharmaceutical composition comprising a compound of formula (1) according to any

one of claim 1 to 13.



and/ or mMIOR conprising adm nistering to a mammal in need of such treatnent
an effective anount of a conpound of fornmula (1) according to any one of
claim1l twokB11/5380 A nethod of treating a hyperproliferatriBmidizsrder
according to claim15 conprising adminisgering to a nammal in need of such
treatnment an effectlve amount of a conmpound of fornula (I) 17 A
conpound of faormul a according to an‘%?one of claiml to 13 _as

medi cament Por TBW%O{PF@%{?'PFE‘I%OF JFalReE’ EREAHOGHSUI] %dé%e%Pyg&‘éﬁ‘@?eén

nmodul at ed layadBlr #TIOR asapEMl SdmiRTEEdRng o @ niexhm@l in need ofl&ch/hre@ﬁﬁmﬁlaﬁd of
formula (1) accordln%toa oneogf claiml to 13 for use_in th
prepar at i offTTBfUVE ARRY &arﬁ‘aﬁ? diqh forru (ﬂ)rﬁ?ﬁ?rdﬁ}g tB@@V@H?PBﬂa'HﬂH)m’sease or

condition 15nodul ated by PI3 kinase and/or nTOR in a mammal .  19. A nethod
of of screenlng for conpounds binding to a |ipid kinase conpr|3|ng

bi ndi ng°a dénmpbliRE0! ireRing B YPesProlifai e ﬂ'sﬂfei ICoR i dR/M | 5a‘E9myF?rk§$9‘I9 or

acryl oyl amaﬂﬁfﬂhé’ﬁéhng?@ré MbRehaRinl nddeerf saeltréatinddt art &ffcttivé Binduit dhasempdlad)
m xing with a conmpund to be screened for binding to said lipid kinase;

(c) measur P @ €@dDacenent of said conpound of fornula (1) based on the
property of the tag; and (d) calculating binding of the conmpound to be
screened fromthe resuylt_ of the neasured displacenent. 25
. A compound of formula (I} according to any one of claim 1 fo 13 as a medicament for
10  the treatment or prevention of a disease or condition modulated by PI3 kinase and/or

MTOR in a mammal.

18. A compound of formula (l) according to any one of claim 1 to 13 for use in the
preparation of a medicament for the treatment or prevention of a disease or condition

15  modulated by P13 kinase and/or mTOR in a mammal.

19. A method of of screening for compounds binding to a lipid kinase comprising
(a) binding a compound of formula (1), wherein R" is aminoethyl, acryloyl or
acryloylaminoethyl carrying a linker and a tag, to a lipid kinase;

20  (b) mixing with a compound to be screened for binding to said lipid kinase;
(c) measuring displacement of said compound of formula (1) based on the property of the
tag; and
(d) calculating binding of the compound to be screened from the result of the measured
displacement.

25



