WD 2009/ 089453PCT/ US20091030602 1 HYDROXYLATED PYRI M DYL CYCLOPENTANE
AS AKT PROTEI N KI NASE | NHI Bl TOR BACKGROUND OF THE | NVENTI ON Fi el d of
the I nvention [0001] This invention relates to a novel inhibitor of
serine/threonine protein kinases (e.g., AKT and rel ated ki nases),
pharmaceutical conpositions containing the inhibitor, and nethods for
preparing thwe0mbsmst or. The inhibitor is useful, fovCTGJsammg@OZfor
the treatnment of hyperproliferative diseases, such as cancer and

i nflammation, in mamuals. Description of the State of the Art
100021Protei n ki nases (PK) are enzynes that catal yze the

phosphoryl ation of hy RVOAPED PAYRIMIOSL RS- cLFENaNnd t hr eoni ne

resi dues of proteins by tjR8RKEPROTEINRINARHINIABITGRM®R) phosphat e
from ATP. Through signal transduction pat hways, these enzymes

nodul ate cell growth, differentiation and roI|f t|on i.e.,
virtually all aspects of ACKERPUNDOBL Ofot her .depend on PK
activity (mkﬁdfehelﬁvenaagl Hanks, S. (1995). The Protein Ki nase Facts

Book | and cade ress, San Di rther.nore mal PK
activity hED"Heen ¢ Biis, frsgrtpn r§ﬁf?ﬁo@t Veld%@?ié’? §cm%¢élﬁa°nﬁ‘8 QiR itdes

rel ativel y(@nAakTfaad trmtaahﬁms),gplﬂmameﬂ cenpdiitass painigsihe mhujaxtor and

t I t_di bl ast b _
oo STl bR ARG 3, B0l AR Bl BB o
modul at i on hfeghdifiratife di6@EB X ciNatarce aadamﬂatﬁhmtgmml seowelsy 1:309).

[ 0003] Si gnbf gc%at A(yf,theaétxtgiog I ot ei n phosphoryl ati on and/ or

expr essi on-Te5 be one of the causative effects of

abnor nal c@mm ar pProfeinf komasasi(BIR) arerenzamesctbit sataliep hephosehgmiation pf hydroxy
cancer . %( suﬁe%@tahcp%r&:ﬂ% %suﬁépeﬁﬁl%teaﬂ W trabdiel OF hekibmases,

I ncl udi ng t, " ruc, ROCK, PI PKC,” Rat; Src,

PDK1, Er bBf2emREk; phcrwte éechTEGF%mW@@HK@mdm DRHRYSSREESS FRAFSE

nuMer ous ohLRGkise cdlPsoNBENFERRGHdH 8 |pklifdrdiioh, l(éatvﬁ'ﬁ!lall)nalpﬁﬁ&&rof cell life in

1000417 of o1 |0 a2 DG IR L (hESED anP S S b 9L Al BRRES

Facts Book. I and II, Academic Press, San Diego, CA). Furthermore, abnormal PK activity has
been related to a host of disorders, ranging from relatively non-life threatening diseases such as
psoriasis to extremely virulent diseases such as glioblastoma (brain cancer). Protein kinases are
an important target class for therapeutic modulation (Cohen, P. (2002) Nature Rev. Drug
Discovery 1:309).

[0003] Significantly, atypical protein phosphorylation and/or expression is often
reported to be one of the causative effects of abnormal cellular proliferation, metastasis and cell
survival in cancer. The abnormal regulation and/or expression of various kinases, including
Akt, VEGF, ILK, ROCK, p70S6K, Bcl, PKA, PKC; Raf, Src, PDK1, ErbB2, MEK, IKK, Cdk,
EGFR, BAD, CHK1, CHK2 and GSK3 amongst numerous others, has been specifically
implicated in cancer. '

[0004] | Protein kinases include two classes; protéin tyrosine kinases (PTK) and serine-
threonine kinases (STK). The Protein Kinase B/Akt enzymes are a group of serine/threonine
kinases that are overexpressed in a variety of human tumors. One of the best-characterized
targets of the PI3K lipid products is the 57 KD serine/threonine protein kinase Akt, downstream
of PI3K in the signal transduction pathway (Hemmings, B.A. (1997) Science 275:628; Hay N.
(2005) Cancer Cell 8:179-183). Akt is the human homologue of the protooncogene v-akt of the
acutely transforming retrovirus AKT8. Due to its high sequence homology to protein kinases A
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t hreoni ne | dnases (STK). The Protein Kinase B/ Al ct enzynmes are a
group of serine/threoni ne ki nases that are overexpressed in a variety
of human tunors. One of the best-characterized targets of the PI3K
lipid products is the 57 I CD serine/threonine protein |Icinase AM
downstream of PI3K in the signal transduction pat hwa Henmi n s
(1997) Sci en¥@29P83%4P38: Hay N. (2005) Cancer Cell 58@}”03 ﬂPct |s
t he human honol ogue of the protooncogene v-al ct of the acutely :
transform ng retrovirus AKT8. Due to ibs high sequence honol ogy to
protein |cinases A WO 2009/ 089453PCT/ US2009/ 030602 2 and C, Akt is
al so call ednéPCphEﬂ i3 aléb realfed HeotéilPKBjasa BAPRB) ahdHelbted ﬂmdd C (RRAY) .Three

A'cta,  whi GROEEPHAE S0 ByANa s By o B0uE (Krnsrcl i tigo

Proc. Nat | horﬂoiagjr of% (Bahl, FOBALIW RatcaNut]. Acad.(LDH)50BE; dbhemi, Bi 0pM)s.

Res. " 0. - ; -
2:939- 971 W‘%‘bo@%ﬁ%i) "mal‘ﬁ““( %\?P %))GI g o] iooir g'?geﬁta*r é%rl?d o,
or gani zat i 8193%-Ral W@ 28054418768). Ehephletchagermis rqhdm)ﬁmqmggn Honein grgamizatigncthat
N-term nus cor@ls&'o?gﬁ)ﬁclgsa'gﬁlo}ﬁtolo y g(ﬁﬁ%{h By At\kcaﬂ%rﬂl E'%r}&naEee&H;'lﬁ& Qb¥aih S QN

at the C-term nus Akt 3 exhibit splice

variants. Spshregdeeniresienet the Crmmievs| | Inpddifiem hethodkiprer AN exhibs splice

Al d is phosphalsy ol Jechilehivigtegddel Ienfthdid b tpidiiBs, 5P3 Akt JrhOKlafear
i sof orms Aka (E’Kégo E,:6(\:kt2 tPKI 31?331 aend Aktg t-[&%g )gresg?chtolp\%gff q

and at S47QaCtIthfaﬁB%4V§§qﬁoF3q9§éfiJﬁﬂ%fOARSPmeM{“ %IE]EPAE%E‘ KB

respectivelgys Grep, %%W YhPhe AR3 GUOMLST Q¥ a0 @aomtm@pmd'm ne
(putatively nanhed PDI al t hough 'PDK1 (Bal endran, A., (1999) Curr.

Biol. 9: 3939%pecambpﬁ%mh@ﬂpmral@mmce%ﬂ@wn ag\ yet (ol kinasq{pyiativeshpamed

275: 8271 I o 958
Proc. Nt | B B e her Dl e SR

process. Akt WP \Laﬁqobrph,e@qaﬁ@gl)i {“§1 ’BW&%%W?IWE FyRes
E1573I in CL he(@g%ﬁngii rwelﬂg%ﬁif @hg%mg 9s0111M) ﬁ?fecﬁi&Eﬁiﬁ)heitecﬁh thib POGss] . Akt
i o em er e :
201: 475- 48 FUVAFRIE(uIrgy ‘“a‘?ibs(f’ ‘)“’“(%‘r‘?s“l‘l%&?ﬂ ) g%?“%&)aﬁ‘yﬁf"tpﬁ fRotit
nonophos ph@rpttatk exrleI99A}<I Biclt Chemi. 294:5185-K By afer Biab (9D Spinok ﬁllcahem)n)
I's requir 6%1; XA TR et'a‘f??%?) 8ucn Lt 3/261—9&8514%&%& Im%n%%l)gﬁﬁ GidnQof
assert its“efféct on cance pressing apopt osfs an CI ng
bot h angi o@érn@@mesahrcknps@bls@bwsahqrﬁﬂm@m@ kegniredtforghaxinfap OBy adisiter Res.
66(8) : 396319RS66) - Ak §s befieRUGH HQES&Qfﬂ &h %E'éf ﬁy‘)!u eé%ifn Q is and

cancer |ncIU|ng but not Flmte Zi nd C1|n
Cancer Res Snipngmerih angjegesis apdmiekifyrasion éTokerlggliZ)@Qﬂﬁb@anc qs 6@& 2d03-
Sci . USA 8906436 Akt 1st1fv€1'eﬁbr£sl§@3i§ n@ﬁ 38 of BhmAnl &} u@k'lﬁih 13k abt. lumted to,
8:1195), Ilun éﬁBr ognard et al é Cancer Res. ?1 g : 23 %atg
(Bel | acosa cabn He FogRoqT Cin Coness Res B paetisbeioes b 2rD 3Foq 18
E_r o?:. ?l:hatl AchL 86l U§859 9%, %&ﬁ_ﬁﬂﬁaganﬁmwa!a)e&(r@af f8:1895)alung (m@@)rdJ
i ol. em ; an ric car onas e
Proc. Natl® %@8%4%5?& %ghg&%gg%cﬁﬁ el?af%ﬁ%aiﬁ?ggﬁ?%{():%ﬁ Iférqa%maﬁ)az Tan
target of Capmny el (1996)YPER) NghtAkud BeihaB3d36 8604 B xpbatee@@ritdet d L0§BtJeBiol.
|1 I Y 6
ol ol eCibg, i) Ay LI ABLERCTGRN Ly Bovfife RS R i RO
din. Cancét5®Rds5032(3): 679- 689). Inhibition of PI31C/ Alct si gnal i ng
nduces a a n%nﬂ% F G ®R) Sra n
Iel e\ljat Zd RI@?‘ZLZI S&HK:P%% at 39&69%%(}%& on b% b ranue

|n|on in | nvest
O toa G | Sprraghir it wmalb mpiecls IbIBOTHND] CETEHss CamELToTHaA: (006

4(6): 977- 98Q)ert FRWBSH. MxErh%HEgT iEiUleEG;%ﬁOlueé{\Q(zooe) Clin. Cancer Res. 12(3) 679-
20091089453PCT/ U82009/ 030602 350007 The devel oprent _of kin

i nhi bi t or s 8hatnhibifiog Rigralipe inderat 2perfasipae friERjs the growth o Jmor cells

that have elevated Akt levels (Kim et al (2005) Current Opinion in Investig. Drugs 6(12):1250-
1258; Luo et al (2005) Molecular Cancer Ther. 4(6).977-986).
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and ultimately result in disease is of enornous ethical and
commercial interest to the nedical and pharmaceutical comunity. A
conpound that inhibits (1) recruitnment of Alct to the cell nenbrane,
(2) activation by PDK1 or PDI C2, (3) substrate phosphorylation, or
(4) one of the downstreamtargets of Akt could be a valuable

anti cancer ayeneIiBher as a stand-al one therapy or RGIUSMY/GHEE i on
with ot her accepted procedures. [0008]United States Patent
Application Publication 2005/0130954 discloses inter cilia, a variety
of conpounds that act as AKT inhibitors. The conpounds are said to be

useful in tdgvert r eat MRevab n&ﬁpﬁrmfagé mﬁfo&tﬂmf@rg@t SR0SRly fedtlikedpathways.

cancer [ 000 Thl vent| rovj des a

novel conp%/‘!m\f/ﬁﬂ“?ﬁgf’ “fsﬁﬁfan‘%egseﬁ% 36?181"54 E’é‘ler"’l"?fﬁ o‘ﬁ%‘a"'d&?‘

t he presentnd ﬂi&ﬁﬁﬁctlﬁﬁal Redmtitityl i 4 Yong@usid miiteﬂametqt)l Iecrﬁiglmﬂt offAl-i‘t telihs ealbes
and condi t ion can .be t I ti pr ot

i dnases. Tg agtﬁ)ég?lfel?yc%c’rdglﬁé E{I ﬁ{} ?l?’?v |1a§ﬁn’|°ﬁ§l) gdes ﬁ%%e '
conpound hdwmgemhtergﬁs bfbiktaolld be dvatiabla adticpharagent.eithdr aasd tyndaboe fitay e
salts thereof . ﬁ%ggtgrl\;ﬁﬂemﬁe cﬁ% d%&“% so provi des pharnmaceuti cal

conposi tions co "Formul al or a phar maceutically
accept abl e [088]t t heVeitsfd. States Patent Application Publication 2005/0130954 discloses inter alia,

a variety of compounds that act as AKT inhibitors. The compounds are said to be useful in the
treatment of hyperproliferative diseases such as cancer.

SUMMARY OF THE INVENTION
[0009] This invention provides a novel compound that inhibits AKT protein kinases.
The compound of the present invention has utility as a therapeutic agent for diseases and

conditions that can be treated by the inhibition of AKT protein kinases.

[6010] More specifically, the present invention includes the compound having the
Formula I: '
Q/
NH
F o]
N
N
-
N
S0
3 N
I

and pharmaceutically acceptable salts thereof,

[0011] The invention also provides pharmaceutical ‘compositions comprising a
compound of Formula I or a pharmaceutically 'accep’rable salt thereof.

[0012] In a further aspect, the present invention provides a method of treating discases
or medical conditions in a mammal mediated by AKT protein kinases, comprising
administering to said mammal a compound of Formula I or a pharmaceutically acceptable salt

thereof, in an amount effective 1o treat or prevent said disorder. AKT protein kinase mediated
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[0012] In a further aspect, the present invention provides a nethod of
treating diseases or nedical conditions in a mammal nedi ated by AKT
protein kinases, conprising adm nistering to said manmal a conpound
of Formula! or a pharmaceutically acceptable salt thereof, in an
amount effective to treat or prevent said disorder. AKT protein

| ci nase medi ¥PSPORE532009/ 089453PCT/ US2009/ 030602 4 cBRUTRIGRES® hat
can be treated according to the nethods of this invention include,
but are not limted to, inflanmatory, hayperproliferative, '
cardi ovascul ar, neurodegenerative, gynecol ogi cal, and dermat ol ogi cal
di seases anchdiiogothatars be fré@t3ktanding fouhd methodap dhit inventien jvelodee hut are not

I nvention | gesndnd® el I TN ' g}m@% ;
protein Ki ﬁgng%%gi %ﬂa nagr’#aﬁp %#lfgﬁ{l%lb%@?%ag%%g] ﬁm&ﬁﬁ%ﬂé’%ﬁ‘rﬁﬁ o} ;[cé%lcgl ’
mamal a cewpisumaioledicab-diseases and disgrders: phar maceutical |y acceptabl e salt
thereof ingfzamUNE, £hiBEL ds?&%t,ttﬁé ﬂr%ht%&en@&n?ﬂ%&és%ﬂn&ﬁod@& iMtHiting the

protein lcinase. [0014]In a further aspect, the present invention,
provi des metoHeen of AXdhpwiein Kgesehin a@ampal.ywhish gqeprisss pdarnistqriog jo sgid |

conpri si ng_nﬁﬁﬂiaﬁ@&dnﬂﬁuﬁadf@oﬂnﬁm a"jﬁh&:ﬁa@euﬁ&ﬂ?@ééé}ﬂalﬂ&c saE(ﬂ{edef A ah amount
[ 0015] The inventive_conpound may be used,advantageously in '

nd
conbi nat i ofSHTH HREFREPIICHERA of WeMahrgkindingent s.  Accordingly, this.
i nventi on 30034 pr ovixg SurPBasipReald beadt GRS iptovidas mehoddrdf Shitibjtisy the
conpound of For mul or .a pharmaceuyti.cally.acceptabl e salt thereof.,
- Conbi naltuI i ¢k POk KAEh papets otk s e ol a colpShg &

Formula I.

. [0015] The inventive compoﬁnd may be used advantageousty in combination with other
known therapeutic agents. Accordingly, this inirenﬁon also provides pharmaceutical
compositions comprising a compound of Formula I or a pharmaceutically acceptable salt
thereof, in combination with a second therapeutic agent. '

[0016] . This invention also provides the compound of Formula I and pharmaceutically
acceptable salts thereof for use as a medicament in the treatment of AKT protein kinase-
mediated conditions. .
[0617] ' An additional aspect of the invention is the use of a compound of Fon_nula Tora
pharmaceutically acceptable sait thelfeof for therapy. In ope embodiment, the therapy
comprises the treatment of an AKT protein kinase-mediated condition.
[0018] This invention further provides kits for the treatment of an AKT protein kinase-
 mediated disélase or disorder, said kit comprising a compound of Formula I or a
pharmaceutically acceptable salt thereof, a container, and optionally a package insert or label
indicating a treatment. The kits may further comprise a second compound or formulation -
comprising a second pharmaceutical agent useful for treating said disease or disorder.
[0019] An additional aspect of ﬂle present invention provides the use of a2 compound of
Formula [ in the treatment of hyperproliferative disease. In a further aspect of this invention the
hyperproliferative disease is cancer. ‘
[0020] This invention further includes methods of preparing, methods of separating, and
methods of purifying the compound of this invention. -
[0021] Additional advantages and novel features of this invention shall be set forth in
part in the description that follows, and in part will become apparent to those. skilled in the art

' upon examination of the following specification, or may be learned by the practice of the
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[ 0016] This invention al so provides the conmpound of Formula | and
pharmaceutically acceptable salts thereof for use as a nedicanment in
the treatnment of AKT protein kinasenedi ated conditions. [0017] An
addi ti onal aspect of the invention is the use of a compound of
Formula | or a pharmaceutically acceptable salt thereof for therapy.

I n one enbodworew/pstde t her apy conprises the treat mersCTaiS200903¢0860
protein | dnase-nedi ated condition. [0018] This invention further ,
provides kits for the treatnent of an AKT protein |dnase- nediated

di sease or disorder, said kit conprising a conpound of Formula I or a

phar maceut iffalibY. JGE AParRles of MelinfclfdnRly bArehIRRY ahdRaine@ B nRBisi GBS | Y
a package insert gr |abel indicating a treatnent._rge Kits 'é'
further coffsimeatalitiesceqmpipationipenmpgsitionss grdnmetagds partig ﬂ%&?&ﬂﬁﬁg i2dbSnd
phar maceut kg@hdedgeids. useful for treating said disease or disorder.

[ 0019] An additional as h [ t 1) ' vi des the use
of a conpound of Fornuﬁgf%¥351hﬁg?ﬁﬂﬁiﬁgﬁF*ﬁﬁﬁﬂﬁtﬁﬁﬁ I ferative

di sease. | o022]f ur t hreferamp &6l n®F bé Mbd: ih Aweinto @naih kebddinpatspif dleiifentin] ve
di sease i s_cancer 0020].Fhis invention further incl ) t

o opar t ng. “HEPRS B8 D 2l b B8 ot Sl Al 0HR
conpound ofuvertios withwbe ndesonihed [n0GRpADd Witho el enprsrated agbslirngnts, Hoval be
features o | Sl nt | € - t, il '
doscri pti ool i} hof dtcadS 1B o Aol B RBLTeriBaofs Op e
skil |l ed i ncantreryaihe iupsoipnesx mm_eé toepver alt hlteratives.ompdildrationacrd; qaaivplens

or may be Lggpp Hﬁgbcbi)‘clﬁ&}ﬁ withid @Hlel s66pe OF thl PEser{BRMichl] FerRblkTmé bk 889

skilled in the art will recognize many methods and materials similar or equivalent to those

described herein, which could be used in the practice of the present invention. The present
invention is in no way limited to the methods and materials described. In the event that one or
more of the incorporated literature and similar materials differs from or contradicts this
application, including but not limited to defined terms, tem usage, described techniques, or the

like, this application controls.

DEFINITIONS
[0023] The term "a" as used herein means one or more.
[0(}24] As used herein, the terms "compound of this invention,” "compound of the

present invention” and "compound of Formula I" includes the compound of Formula I and
pharmaceutically acceptable salts thereof.

[0025] The phrase "effective amount” means an amount of compound that, when
administered to a mammal in need of such treatment, is sufficient to (i) treat or prevent a
particular disease, condition, or disorder mediated -by the activity of one or more AKT protein
kinases, tyrosine kinases, additional serine/threonine kinases, and/or dual specificity kinases,
(ii) attenuate, ameliorate, or eliminate one or more symptoms of the particular disease,
condition, or disorder, or (iii) prevent or delay the onset of one or more symptoms of the
particular disease, condition, or disorder described herein. In the case of cancer, an effective
amount of the drug may reduce the number of cancer cells; reduce the tamor size; inhibit (i.e.,
slow to some extent and preferably stop) cancer cell infiltration into peripheral organs; inhibit
'(i.e., slow to some extent and preferably stop) tumor metastasis; inhibit, 1o some extent, tumor
growth; and/or reiieve to some-extent one or more of the symptoms-associated with- the cancer.

To the extent the drug may prevent growth and/or kill existing cancer cells, it may be cytostatic

SUBSTITUTE SHEET (RULE 28)



WO 2009/ 089453PCT/ |1 TS2009/ 030602 5 i nvention. The advantages of the
invention may be realized and attained by neans of the
instrunmentalities, conbinations, conpositions, and net hods
particularly pointed out in the appended cl ai ms. DETAI LED DESCRI PTI ON
OF THE | NVENTI ON [ 0022] Ref erence will now be made in detail to
certain enbo¥AEUOPIEf t he i nvention, exanples of whi BRI/E§2R09/050602
illustrated in the acconpanying structures and fornulas. Wile the
invention will be described in conjunckion with the enunerated
enbodi nents, it will be understood that they are not intended to
limt the hitV@nyiodRict ot daf@ethedpR @itk tean bdMedslied, G rkdngile/ by tifaessing the
invention i.s intended to.co al t er nat.i ves cations, and
equi val ent §5if %ﬁ%&%&ﬂ?ﬂrﬁﬁf)&&?ﬁwﬁaf‘*ﬁfflﬂmﬁ TERYSE %f(ﬁ# he present

i nventi on §M26lef i netilrbyfingHe intdnddds mefng lktithd mitigation bhedismase anhdition in a
recogni ze nan nd mat.er | ar .Qf

descri bed ﬁ“&?ﬁé‘}ag?&c\ahggg }t%ua}n ?][111'% 1%afkegte§ éﬂ&f@t {nﬁn tﬁeqa%{lMEJ 0? Qﬁeh&r(?notrtgglggt
i nvent i on. piin bimgstemx_roalrrwlemwsonddl@nalmenm/tbvagnmel lmlatS@d andfortdual mfﬁﬁij&ls
and materi Il "

ncor por at STt CRAPRE o ahard Rt el 17 borp Bty TRl ks Popitaci
cont r adi ct §f PRYestatiysheagtatsi wherein fheloigkirig torugventor slowrdoye dessen) @Jéflil%@tfd
terns, terRpusAIRa JRSE b BeHldd. eﬁ&}ryuﬂ;aé‘eé of m{s ik 3ftidn! ¥Reficidl bSdesired clinical

application ‘controls. DEFIN TI ONS [l he term"a" as used her ei n
means one &FUiopgude; b pel limitd thed @v'ﬁﬂontqfém@f% dipisipBEm Pt Grteqt s .
i nventi on, isess€REaBLEAM (iQf, nblrRhiaSABke dfRMERE, dOHY or3RH/ing®P BiRatE HWogdssion,

Formula 1" includes the.conpoupd of -Fornula | har maceuti.ca

accept abl e SWHIFEIOR Apalion L oE B iR @mw@gﬁff SRR S Shete
an anount aétea:mamumdetédmﬂle w&eﬁneaﬂlmamns& areadpxbmngngmnﬁadl ak pomeees tof
such tr ea'é gﬁ%}t tf:d %urvw 1f na rec P%Iégﬁt?e élgsae%.g}?‘l% g%ment %ncfl)ﬁ% ﬁlose%rgidy

di sease,

more AKT pmmhelnwohcbumweissordbyacsomums ﬂlmﬂmﬁmedsto I:adnhdiSpmnéto havmg the dlsease
seri ne/ thr eaiR v AAI8Eye: I iRkacdAlk nAREGE o Moﬁm;ﬁ»ﬁ b/ 98 nglthd disease
at t enuat e, lorate, te one rrptom; of

parti cul ar cefdifisas eThec@mﬁ t'reting"of tregi"s or d@ffatme@f' (ﬁlﬁfﬁc)‘: W@\P@ﬁ%ﬂt%‘i"e detay

the onset gfo qugcuggn({rpﬂﬁn@y%ms of the particul ar disease,
condition, or disorder described herein. In the case of cancer,

effective aif8lint of A¢ HEd 87y el anwesalt lrsio Apar-broded Apimat tEfﬁthssm’

red ]yce L Ihe i§ MARE ofli&@opihdh lﬂilaéatse ?dsclsrﬂ)ed hérkif \Wnd Qlcﬁmblﬁﬁi ﬁiﬁ}lmﬁ&ﬂto guinea
pre eraoly sto cancer ce I NT 1 ratlon i era or gans,;

P bi t (1 P ks G 5wt and Bee g s Rl 0T &

net ast asi s [Om&]hl bitA 'mamdmpamn egnt" i§ b oiEmigl m»tpbundameﬂlhn threatehimest dfo
sone extent one or

To the ext ear{cer ﬁ%arccilless oF mechamsrn oen?Egr W{nﬁ gr%CI ! %(%nt\émft}cﬁdé po%lp%%g %ged

may prev exi StI'ng cance
cells, it mailarb@edalgdr@s’f atdlcgnvsui%allcﬁtﬂ'@@plEET (RULE 26)
[0029] Examples of chemotherapeutic agents include Erlotinib (TARCEVA@ .

Genentecl/OSI Pharm.), Bortezomib (VELCADE®, Millennium Pharm.), Fulvestrant
(FASLODEX®, AstraZenecé), Sutent (SU11248, Pfizer), Letrozole (FEMARA@, Novartis),
Imatinib mesylate (GLEEVEC®, Novartis), PTK787/ZK 222584 (Novartis), Oxaliplatin
(Eloxatin®, ‘ Sanofi), 5-FU (5-fluorouracil), Leucovorin, Rapamycin (Sirolimus,
RAPAMUNE®, Wyeth), Lapatinib ([ YKERB®, GSK572016, Glaxo Smith Kline), Lonafarnib
(SCH 66336), Sorafenib (BAY43-9006, Bayer Labs), Irinotecan (CAMPTOSAR®, Pﬁzér) and
Gefitinib (IRESSA®, AstraZeneca), AG1478, AG1571 (SU 5271; Sugen), alkylating agents
such as thiotepa and CYTOXAN® cyclosphosphamide; alkyl sulfonates such as busulfan,

improsulfan and piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and
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WO 2009/ 089453PCT/ US2009/ 030602 6 and/ or cytotoxic. For cancer

t herapy, efficacy can be neasured, for exanple, by assessing the tine
to di sease progression (TTP) and/or determ ning the response rate
(RR). [0026]"Treating" is intended to nean at |east the mtigation of
a disease condition in a manmal, such as a human, that is affected,
at | east in peroow/ogysst he activity of one or nore AKT RITAiS@10{030602

| ci nases, tyrosine |cinases, additional serine/threonine ki nases,
and/or dual specificity kinases. The terns "treat" and "treatnent"
refer to both therapeutic treatment and prophylactic or preventative
rregsur esd Wﬁdﬁp_@'l Flhj‘xllslﬁnml by ﬁxcdt mbtﬁylhrﬁﬂﬂﬁlﬁéégiﬁbluﬂlﬁg ajh@Wnd@V\ﬂleﬂiblemf Ijnire
undesire Sj o ica ange, or. .di sorder urposes of this.

| nvent i on, ISt isnePBetaRorepil Sy ispetipRiRsD S at] wea e s
not |im tecbslﬁeel,all;arbhlwacﬁlt armnbxmata&ycmpj, QiTBampibitiiecini Gividing thdé spdiedo tanddg

di sease; st at fdis r
sl ow ng of 03? %ngryﬁ%ﬂﬁlr e%lgﬁmglﬁ &gr}é(fe‘sn@cﬁ‘%dmgﬁtsgrozaa '] eﬁl%% am?%fzglé’sup
di sease st ssméa,etuaauﬂlogﬁémrﬁmph}'mr(s@midularly paptbpletin @ ramﬂ ovetbphycinds dplestatin;
det ect abl e QL. ) s 45 GRLARE e ' TLRAL Tfocs, CA-ARS Gnff T PYO) WNHRGbin

survival as co xpecte sur VI I'f not receiving treat ment .
Those i n' npasgratigtatiny eeatmmwtﬂmclsmsitmmemagqnemmwttﬁlch hes ~ edaEmbicdn

or di sor depasa ekl as,i8038xhatad | LuhifuRIRO SRARRL O HaioAdie,

di sease condition but have not yet been di agnosed as having jt;

modul at i ngmashiprshenivpiieciydghiorsieandehale. rapERIEiR mhenvﬂ%mﬁaé%f?#ﬁlmume

"treating" rofolfifial,” urad?l mubtir@2hiBdtteas ey Qscearﬁﬁihﬂe PéB&Btoaih) ‘ﬁﬁmﬂstn&
prophyl actic, and palliative treatnent. [0027]As used, herej.n,

term " manmmigmustngs pipwStng, and, EapipRpIaR AEHbIgRS TUft phie epeflyng aniiiotics Q‘F Fsk
lof qevgl ?pbdﬁ@he_amﬁkﬁ Q@S@alﬂ&smhheﬁﬁd? @ﬂfnﬁal? aﬁcﬂéhhblftﬁt’nﬁii&ﬁ;eghm(ml@wrﬂhem
imted to, igs., cats,. .ra a
pri mat es, e PRy CnORAd P sy B Rt e TP Rt e pRRBleg spn
chemi cal cesrpdrdatelsed Wdsparamitiine at rvedit renteomfzimosiaive lcl;lroma@amdhmlsselajéd
hani d
o " ar got Qe R e EERBELE AR RGeSl 1 RRRG TSR

of chenoth eaae@pie@ tbie@matg@n @@tmqmyblgd@ra@cm tdrminpmycin| Hin, chromomyclms

Genent ech/ g, ng@ﬂ aaunm&l?z QAP ARAbEYELEADE(I-dxo-Midre it URDRDITTING
Ful vest r ant (FA raZeneca) Sutent (SUL1248, Pfizer),

Letrozol e (GPENHRAL ) mmb@lrmrd@;omhl%t i W@OWQ@?‘PIE?'QO’(OG_bEE/EC@TP)WOIm°'
Novartis), anH%%ﬁZ-/ Zin 2&3%%67( driNvyar tcbﬁﬂbncl@( adokublcat i 1631{11&4:1@% &'Iatcﬁﬂd’rﬂy,cm

Sanof i 5-FU (5-f or oyr aci.l Leucovprl Si.rolinus
RAPANU?\IE( r )m"OWFé‘lSﬁ)“‘ %&B’ﬁ?ﬁ?"ﬁlh TePPRERPHS 3Lt @E@%ﬁ% ‘@sﬂi% BSRPyein,
Kl'ine), Lopafinmybin( Hebinhg 3mpiamzat, adoedribicih, Bﬁéﬁﬁm@ﬂﬂ&mﬁm&n habreijlin,

I rinotecan ni | RE

Nt 1 9z enaculertne Tpra R gobis i @ Bgepe e Ay el SRR AN Sforowsci 5,
as thiot epHU}a,rdeuCéﬁi’d)XﬁHwosycdmspqupélmmrdé:ptahﬂeyptempthrﬁr@ rabhesxae cnins

busul an WGP ANLE' PRGN RN Gl RRARO AR,

such as ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine,

o

doxifluridine, enocitabine, floxuridine; androgens such as calusterone, dromostanclone
propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such as aminoghutethimide,
mitotane, trilostane; folic acid replenisher such as frolinic acid; aceglatone; aldophosphamide
glycoside; aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate;
defofamine; demecolcine; diaziquone; elfornithine; elliptinium acetate; an epothilone;
etoglucid; gallium nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as
maytansine and ansamitocins; mitoguazone; mito#antro_ne; mopidanmol; nitracrine; pentostatin;

phenamet; pirarubicin; losoxantrone; podophyllinic acid; 2-ethylhydrazide; procarbazine;
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WO 2009/ 089453PCT/ US2009/ 030602 7 uredopa; ethylenim nes and

met hyl anel am nes including altretam ne, triethyl enenel am ne,

tri et hyl enephosphoram de, triethyl enet hi ophosphoram de and

trimet hyl onel am' ne; acetogenins (especially bullatacin and

bul | at aci none); a canptotheC|n (including the synthetic analo

t opot ecan) ; WB‘E’f"&a”ﬁ:‘ cal lystatin; CC, 1065 (i ncl udPfigUypeg/osesez
adozel esin, carzelesin and blzeIeS|n synt heti c anal ogs);
cryptophycins (particularly cryptophycgn 1 and cryptophycin 8);

dol astatin; duocarmycin (including the synthetic anal ogs, KwW2189 and
CBl - TML) ; @Bk@t puiysalohanife pempleatlist Hetun] Prdedy, cEng*tde,cDBD ntazoxane; rhizoxin;
spongi statl t ar J " m@ﬂ%{ e,
chl or ophosp %ﬁﬁlmdegﬁgg{hg@dnﬁét |t%gm§°H%os?i§r %P%Z?d’u 02’r et%g)?n ne i
mechl or et hiivhethecenes déemwhﬂmc'ﬁ—ﬂoﬁoxldevermeurmhal awdmwévétxﬁma@mlﬁme) ' urethan;
phenesteri Qﬁdesﬁ@eqmel MomndrhRfiRS ARG 01Y hiGlab o oBlothan; gacytosine;

nitrosureas such as carnust|ne chl orozot OCIn f ot énmust i ne

| orrust i ne, 2iabinesidei Gara-Ghid cyodaphearhastides chiolspr; j BFds L-sHAKOR® (maditaxel;

enedi yne ampgikBiald-£SquiiB- cgmlogyainﬁ&%@r}mpmm adbrkdo Jﬁaﬂ fréeh) QB GIRL N
gammal I and calicheamcin o Angew Chem Intl,
qn‘&gqtlﬁﬁ 61‘9

94)
33: 183- 186 RERsE Freapatticle fe Rectiags] {Ameriggns JHha@Es &”? ﬂ‘(ﬁ‘éﬂﬁﬁch
as cl odr ongtiRimsdig, emﬁf)amdcmmoma@ddbxe&semmapmmma& i Antony, France);

chr onophor e _and re [HTop r ot ei e antibiotic

chr onophor 8@7””5@1“ bﬁ @1§g ek gnggli“?ﬁﬁ“ﬁet’ h?gfﬁipéqpﬂmeazrﬁesﬂ?ﬁ’ﬁ‘ée

blheorrym ns plad@et mkto@/sm:}nas cbsplatid gl cﬁx;bg;ﬂﬂimnvmmmtdm ntopmsa:lez(VM@hlﬁbsfaxmde, :

chrononyci ni.s ac Qr:u

G- iz, 5 SNGERE: BT NP EIRG e P PRl poside, adarorae

nor phol i no-dawroydi apiimptedyasrpenitalpo (EIOIARI0 dhahirenate; CPT-11; topoisomerase

2-pyr Ol I NGHAXO! Wk Ghih, %mogﬁq%@my P8 reRidk YRl CA e SRORHRI o
e cins

i darubicin, marc onyéin, mto as mtonmycin C,
mycophenol pbarla@qe@ncaliwggquh}p ¢l acigh imdaiagyeetives of e f Beaphove,

por f | ronyCigpaojpur Onylfsb %clﬁﬂé@llﬁw&'d@ﬁmtﬁdﬁd@ Lblﬁblﬁétﬁbrapﬁﬁtfceﬁﬁeﬁtm A1 @, anti-
Str@ptOZOCln tubercid ubeni mex, zinostatin, zorubicln;

ant i - met ab@pmead agea@ﬁhaagct IERUAtS eniafibit hopmons aptoR Op oS Irh ggnt-pigpgens
folic aci da@d‘@élﬁﬁse S4toBend fecERRORb Rt dds (smtms)t memaru@,, fop teRAmE, Staidkifen

trimetrexate; ssuc as fludar. r opuri ne

t hi ami pri ném"’ht‘ H@gxgﬁg&%gﬁ“i“m ﬁlgata)né‘ﬁﬂﬁé @E%Oxéf%neaﬁgﬁyggﬂﬁ pxitet,

gz ac :c ][ i di gmoxﬁ‘emz amlfﬁenEYIIin@ier:fnupngtoﬁg{tad aidHKESTON@deaxmm d:ﬁtrat;) (i)
oxi fluridine xuridi ne ndr

cal ust eroné& oI} trasc’)er%usff ano‘}lorllﬂé1 lbptrtgp?n%? e m%% ) "t%"%%gm%grt I?mductmn N

t est ol act otke: adzmali glands.emelt s, §uchcaazsleaﬁ65hmgcﬂmlest, mmowtetmlﬂ@tl‘éﬁ@ASE‘@

trilostane 5m£ggmo? Rl AEONRSINGD e S, ¥or], Oyl 2 G0 RORRAS D,

al dophospham tninol evul1 i c_ali eni [uraci|;
ansacri ne; (‘Ué‘@?k)a MARA@)K@WPI%N@VEI@H&@ ARBYIDEXR (a5psiippals -AstraZeneca);

demecol ci negj Q{tﬁ&uﬁg@@mh% frRidai mﬁnanﬁéé blp,&wtamam 1&@@61@& &nd 88kerelin; as
epot hi | one; et ogl ucrd [jumnitrat e{e%sﬁé roxyure | enti nan;
i

| oni dai ni n&el n"ﬁyf‘%gfah’éf’ cf% Lirdigxolane ngip Fﬁéosaﬁdméjr?ﬂarﬁ“f oRPiR; Kinase

m t ogns 7on§1h1misoe@nplﬂ Qigse amﬁmtoebawipimlseﬂsetdl@@fuuealde@@mlaﬁa&@tmm which
phenanet; pitarubicjin; .| osoxantr.one; E l1j.ni c aci

2-et hyl hyd%lt&épmsa%ea@sasz*r jgnati abegppt eelh prplifeggign, such
200910894538GH ua&@ragmeagﬁa RalPSH( H)Rapqlvtﬂsﬁmhﬂésl ghieh @ONPEER efdkiSion

Nat ural Pr %‘gnﬁ':acl:ttol% (e 2 g% Z%ﬁ@bm%%—ﬂg@%g resrsf?)}l %&%ltors (%iiiifQJc&hge%@ﬁch as gene
spi roger mani uny uazoni ¢ acl triazl

2,2',2"-tr 'rﬂtampmr@aqcma; hydr arekamaple, t WMeiW@N@l | $nd T-VAXIDE; n,
Ver racuri n po; EBRDE BrA. %Q&oﬁﬂﬂ%’z& 1”1%P1to‘ﬂ 1&%&%@%&\1@9 ABARELIX®
dacar bazi ne; mannonusti Ae; 'mtobronit tol act ol (£>| obr onan;
gacyt osi ne maﬁaﬁxmmaﬂﬁogem‘\raaﬂ@ yuch @ybf#ve(ph@@b KANAEEIN jegerigsh); and (x)

pharmaceutically acceptable salts, acids and derivatives of any of the above.
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[ 0031] Al so included in the definition of "chenotherapeutic agent” are
t herapeutic anti bodi es such as al entuzumab (Canpath), bevaci zumab
(AVASTIN(r), Genentech); cetuxinmab (ERBITUX(r), hnclone); panitununmab
(VECTD3I XO, Amgen), rituximab (RI TUXAN(r), GCenentech/Bi ogen |dec),
pertuzumab (OVNI TARGO, 2C4, Genentech), trastuzuni ab (HERCEPTI N(r),
Genent ech), wozewmwsyemab (Bexxar, Corixia), and the amarivezhysdesuy

conj ugate, gentuzumab ozogam cin (MLOTARG(r), Weth).

[ 0032] Humani zed nonocl onal anti bodi es ¥VI th therapeutic potential as
chenot herapeutic agents in conbination w th the PI3K inhibitors of

the inventigan) ncl R, ;AGIRT W HRBRANBRP b ZHPRAherARA ZgHﬁEﬁlBJe therapeutlc
atli zumab, bapi neuzumab, bevaci zunmab, bivat uzutnab rrerta

cant uzunmab 2HiPdigh SPdhe as c%wha@ame%hk drevaEinRed JégéS. TING,  Goentech);
ci df usi t uztdmnahab C(E;ihmb,hna 865 ZRBwmES UVEDTIBIX®, e fxalgb@URtsimab

eprat uzuma Ll | vi zumab fontolizuma

ozoganmi ci n?Rl ﬁgf‘ﬁlﬁj g&ﬁlﬂe}ﬁ paeRi ek BruzRmFha O L&B‘gﬁ%vé&g’ %%mnmh) ‘
li nt uzunabnasﬁ&tmmmf:mp@ | Gebrad2h), HER{t@NdnZab (B Bxal Wotikih)Z tiitbdhe antibody
nat al i zurra ni mot uzu ol ovi zu ocrel i zumab,

omal i zumab B SPVIFFS AT NE’ZI’IB SEHTY L%W%n&b pect uzumab,
pert uzurrab[l)oquel | zZHuomadnized althiozlummb antilsodiebi zwittab therapsiticvi gaendll, as

| b t.

ol 1 2unb oG HetbAHER s I8 XELLRUIR R i R R SnrS (P R e

tal i zumab, aemfubegburrehizuntabcistlizagabe blizuneb.abapinenzaiyab, fomgzlulzahnlatﬁwﬂmlab

tucot uzumagq eftfsiD! ShKiinant Yo H%l Rz %%ﬁmﬂaﬂawzoﬂ% Hégopxaaﬁm%asand
RS 10033

visilizuna AKT "I NHI BI' T e I nventive conpound For mul a
| is usef uFidigmabn Kagizuniby qmzuwhat efplizutaptn agrsajuzumab, sefé@ﬁ'ﬁbu rf%lVlﬁla%ab

utility asfadiAeia8p ﬁéﬁd@mag%mgaﬁlgrn mo&%ﬂﬁﬁsozbgﬁhmﬁ,a@ﬂmmw Q@cRGunRYp,
the inhibition of t AKT protein kinase ghal i ng path

tyrosi ne aH#u@ERPneMEHFEER nBeRqlizuadb, ré"t?@ﬁtzi‘?”abpat’mﬂ%%m Oo@lﬁqwab’
parlt icul ar mn&ﬁﬁﬂ@dl@gﬁol&flzﬁﬁbﬁ?ﬁ@m{élzﬁlﬁéﬂbngcrahzﬁmhlydrcﬂiéyzlﬁ::ﬁbt hygalivizumab,
cycl openta ine were found to be at st 50-fo

sel ective g’?ﬂl’ﬁ VeP% ety pegdyaymaly  RO(UBRR IPS’feh@@a?Fp @Imﬁmab
| east 100- famibckpmdndesmammaﬁmﬂmnabepe@vmmab adivelmamb riBigurhabl sibmormpenab,
3¢1 €0tV (DhfiT YBIUST! S O RN SR Aok iablin,

si nce Pl CA’ I'n’ man ’rocesses nmpor t ant
normal fu ntqmll@nnaénd terinlizgingt, og@amtumhny n@emuntab pe@hnmnt i dwratbitugumab,

i nhi biti onmggw 'uﬁoz%%mé%eelnh%‘é £ contribute to the
anti-proliferati ve and proapoptotic effects of AKT inhibition. Thus,

i nhi bi ti onASTISHIEATERS| d | ead to adverse events not associated with
AKT i nhi bi fgog) Wi t hoset inGRfld b Ll fl Rrkile 10k S639cfHoatlibiing K beRedd t s
of AKT inh b| tion, WO 2009/ 089453PCT/ US2009/ 030602 0 0035% e .’
conpound ofEG} rBIS S0P h%ﬂughtyséa theranepiic agent £ disgase bsiregicd bydhe, e
| ci nases amhidiioh ofiShes RKITNRotaiR Ckirtakly g@muigepémwaya@e&yﬂoﬂnadml feringfthteoniddT.

kinase receptor pathways.

- [0034] - In particular, compounds of Formula I having a 7-hydroxy on the
gyclopeﬁta[d]pyrimidine were found to be at least 50-fold more selective for AKT versus protein
kinase A (PKA). For example, at least-100-fold, and as a further example, at least 150-fold more
selective for AKT versus PKA. Selectivity over PKA is desirable, since PKA is involved in many -
cellular processes important for the nommal function and physiology of many cell types.
Additionally, inhibition of PKA is not believed to contribute to the anti-proliferative and pro-
apoptotic effects of AKT inhibition. Thus, inhibition of PKA could lead to adverse events not

. associated with AKT inhibition- without contributing to the disease modifying benefits of AKT

inhibition.
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[ 0036] I n general, one aspect of the invention includes the conpound
of Formula |I: and pharmaceutically acceptable salts. [0037] The
conpound of Fornula | includes pharmaceutically acceptable salts of
t he conpound. [0038] The phrase "pharmaceutically acceptabl e”
indicates that the substance or conposition is conpatible chemically
and/ or toxi cHWOPEEPBy with the other ingredients conﬁ?T’%ﬁZWQ’OQm
formul ati on, and/or the manmal being treated therewth.
[0039]Add|t|onally, t he conpound of thginvention nay forma sal t.
Exanpl es of salts include those salts prepared by reaction of the
conpounds ¢#035he pr &bentmponndnf Fomula It hayals hensdfulas aprigabifor ohGirainer
an i norgani t I imted to,
sul f at es, %F%ggq?'eéltsagg&ngfﬂsdlﬁ?&n&%kﬂlqée@ﬁ]fadﬁﬂgntja sTluI fites, phosphates,
nnnohydrogéﬂﬁﬁbsphaﬁeSMﬂﬂiMyd&mgeﬁ@hcspﬁ@nes@¢wﬂ@&pﬂyspﬁeﬁﬁﬁmdal
pyrophosphat es, chlorides, brom des, iodides, acetates, propionates,
decanoat es, capryl ates, acryl ates, fornat&%, i sobutyrates, caproates,
hept anoat es, propi ol ates, oxal ates, nalo‘a'-s, succi nates, suberates,
sebacates, fumarates, nal eates, butynl, 4.dibates, hexyne-1, 6-di oat es,
benzoat es, chl orobenzoates, nethyl benzoatd di ni trobenzoat es,
hydr oxybenmat es, net hoxybenzoates, phtha es, sul fonates,
xyl enesul f onat es, phenyl acet ates, § opi onat es, phenyl butyrates,
citrates, lactates, yhydroxybutyrate
met hanesul f onat es, propanesul f onatges; al ene-1- sul fonat es,
napht hal ene- 2- sul f onat es, "and mandel at es! nce a single conpound of
the present WO 2009/089453PCT/U82009/§30§02 11 invention may include
t

coIIates tartrates,

nore than one acidic or basic noiety, @npounds of the present
invention may include nono, di or tri- in a single conpound.
[0040] I n certain enbodi nents, the sah&;is”a "phar maceutical |y
acceptabl e salt" which, I

and pharmaceutically acceptable salts.

[0037] The compound of Formula I includes pharmaceutically acceptable salts of the
compound. , '
[0038] The phrase "pharmaceutically acceptable" indicates that the substance or

composition is compatible chemically and/or toxicologically with the other ingredients
comprising a formulation, and/or the mammal being treated therewith.

[_0039} Additionally, the compound of the invention may form a salt. Examples of salts
include those salts prepared by reaction of the compounds of the present invention with a
mineral or organic acid or an inorganic base, such salts including, but not limited to, sulfates,
pyrosulfates, Dbisulfates, sulfites, bisulfites, phosphates, monohydrogenphosphates,
dihydrogenphosphates, metaphosphates, pyrophosphates, chlorides, bromides, iodides, acetates,
propionates, decanoates, caprylates, acrylates, formates, isobutyrates, caproates, heptanoates,
propiolates, oxalates, malonates, succinateé, suberates, sebacates, fumarates, maleates, butyn-
1,4-dioates, hexyne-1,6-dioates, - benzoates, chlorobenzoates, ' methylbenzoates,
dinitrobenzoates, hydroxybenzoates, methoxybenzoates, phthalates, - gulfonates,
xylenesulfonétes, phenylacetates, phenylpropionates, phenylbutyrates, citrates, lactates, y-
hydroxybutyrates, glycollates, tartrates, methanesulfonates, propanesulfonates, naphthalene-1-

sulfonates, naphthalene-2-sulfonates, and mandelates. Since a single compound of the present
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unl ess otherw se indicated, includes salts that retain the biol ogical
effectiveness of the corresponding free acid or base of the specified
conpound and are not biologically or otherw se undesirable. [0041] The
conmpound of Forrmula | also includes other salts which are not
necessarily pharmaceutically acceptable salts, and which nay be
useful as i1 nwermedissses for preparing and/ or purifyi rRETUSEIZEHPEDUN
of Fornmula | and/or for separating the conpound of Formula |I. [0042]
The present invention also enbraces isgtopically-Iabeled conpounds of
the present invention which are identical to those recited herein,

but ) for t hﬁw&ﬁi_@ﬁ nﬁ?%ﬁchﬁé‘ﬁw&r thiP6R RIIRG HEE n{oi%ﬂﬂ‘ aeedm ¥ ofoth® Phesent
havi ng an atom ¢ nmass or mass nunber, different fromthe atom c nass

or mass nuifsEtonBaRRFiydemaRa i prTialis iR asingly mpeBdopes of any

parti cu:c ar Lm(qm or Eljo@ﬂﬁﬁlf Em%m&m@,cﬁlé is@dsar'@]daﬁﬁmhmwiyak@gmm b :wmch,e .

scope of .t conpounds 0 e inventiqn, and i1 uses. Exe r

i sot opes .t HHEsS bfrgee indies 'o‘ru%ﬁ‘%a‘ sl at:é%lbﬁlﬁfd lo[ﬁ’ﬁlcﬁhé‘fef’twlé%%)iogﬁ%

i ncl ude i sedvepRadind fréz\atid ogieBe oftky spaified Borhoagtad amtygesiogi@lip epiterwiss,

sul fur, fl-%i.n% chlorine and iodine, such as 211, 3H C, 13C, 14C -

13N, 15N, Sals0, 180, 32F, 33F, 355, 18F, 36,11, 23 LI 1 | and

1251. Cert Hiodilli sot ofiecatmpgunil abBdradladaisp dnehidss attfer sdite whick sempt nepszesrityi on

(e.g., tho i u%s-' 1l or

Subst  at o Prnuheisaly, hpRpuda Wi ol e a8y f%l%%“?&%‘%?fjﬁ gt

carbon- 14 id/ce pyrifginghe pesaronpsied Famailafsed/of fof soparating fhe cerpppundyff Formula I

preparati opogg)d det fet ghleld fyentibit! bid) @mbrasdd Bsdtddiddly-RBe1dd EdhpB&RAY 08 Tthe

i sot opes such as deuterium (i.e., 211) may afford certain therapeutic

advant agesPieEsuRYarie Veighare eatical to thoseseife hergipaft fqr i fpet thyt one or more

increased LBmykMQeplatkd bY lah Qtodf hdvi@ U eLbndl $RGCor BAY nliGbEe Aiffjentfitn hiRNCe

may be preferred in sone circungtances. Positron emtting.l slot opes
alhfo b el o

such as 158MIPIRESs qryrpess Amoes Esualletopn prftieo Al ISEPRES Shal

t onogr aphy elédnl js phdifiidage doftepland Withis the SéopabRhd aagpimds oDRCpariay and

| sot opi cal l,y. | abel.ed conmpounds .of th resent. invention ¢ nerally
be prepar eh’\éﬁfsefsbll’?’%wlﬁ'a 15#?)”5%&5; & genglf’%%%%d o} %mdjénén%aiogc egg‘éeg{u?'n

t he Schenemcladdisaopes nf bdepgk aarbbrg sitlogamedxygdne bimapholng, silfiys fladring. ichigrizen

i sotopi cal |y, e ni~ f3prs@ MEns} spt o[ ©a sty 13|, ke ko dsre .
SYNTHESI S ?f‘%%ﬂ?ﬁﬁrs@%%l: A@’I 1W’[ 4?] Tﬁ’e?’or{%o&n?o tﬁu?j%

i nvent i on iy Usdais isptopieally dabgleth poraperindsef the presant gentipn fe.g.thgsg lgheled with

processes anglo8OUs. iLrl RASRpMBH ind' B kD tilsBEJiIGHBINOR Bdsayd TRsated (i.c.,
parti cul a% in I'ight of the description contained herein. T

starting meDept sireondidige ferianapgs a¢ aiefub i def cawnmof Bepmrtion apd @ggf?@lé‘g-
such as Al girihe!) stigimlisAvEh ﬁ]BAvieY\@délﬁg\% sufll his Qfutci® (LEAT) MayD bfR@ c&thin
ustng SUBS&L:%}%&EC z?dﬂgngt;rgeg Eléjllﬂtli:'ngzﬁf'sgm greaterznqgtgb/o 1(E:3 gtéb?l?tyl? gé.}gczrgagf?c( ig%g)v%q%lf-
life or reduced dosage requirements) and hence may be preferred in some circumstances.
Positron emitting isotopes such as 0, PN, !C and "*F are useful for positron emission
tomography (PET) studies to examine substrate receptor occupancy. Isotopically labeled
compounds of the present invention can generally be prepared by following procedures
analogous to thoée disclosed in the Schemes and/or in the Examples herein below, -by
substituting an isotopically labeled reagent for a noh-isotopically labeled reagent.
SYNTHESIS OF COMPOUNDS OF FORMULA I
[0043] The compound of this invention may be synthesized by synthetic routes that

include 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 such as Aldrich Chemicals (Milwaukee, WI) or are readily prepared using
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12 nmethods well known to those skilled in the art (e.g., prepared by
met hods generally described in Louis F. Fieser and Mary Fieser,
Reagents for Organic Synthesis, v. 1-19, Wley, NY. (1967- 1999
ed.), or Beilsteins Handbuch der organi schen Cheme, 4, Aufl. ed.
Springer-Verlag, Berlin, including supplenents). [0044] For a nore
det ai | ed des¥OiP{0%530f t he individual reaction stepsPCIEER00PPE602
Exanpl es section below. - Those skilled in the art will appreciate that
ot her synthetic routes nay be used to ®ynthesize the inventive
conpound. Al though specific starting materials and reagents are
depi ct ed i methhés veelldnpies tandskilied oussedelge popareddty methods ggnargllyglescribed in
materi als and he i . . OM,J: v@agdet y
£0ds ﬁ.gfﬁ% 12%18 hgag\gf&%r %%éﬁlgi}{ {o§ ‘dﬁg&%%&%%gg 0 19fc Wﬁ%f.‘& (@%dgg ,

of derivati’ves f rori ¢ I on tion,

conpounds p¥pakled: Byilstdns Mot gler egarisdhert Chetiovd il B Jopesrdierlag,

modi fi-ed i Bl Gude dblisndisscl osure using conventional chemstry
wel | known%{nil)l ’tﬁ%%e gsskﬁ"%ggsfn the art. [0045]In preparing the

conpound of00R#r nul aFer, a prase eisteileindeserinterf dhy drvdBhaertionedePpe s, the
primary or g3eeandain 8413w Efhosckified in®le drt il bpfRcHiatltRS ofkBsykiReD QS 5aY Y -
The need for such protection w]l vary depending on_the natur e.alof &he
remot e funiusiaiei Pythesvd e dveniveicoread or Alfhguehnirapilc Spjigy materials an
et Pfds. SU&aagéaltseararHeﬁare@ﬁxo&t%cma?@ggra@mgfscx(sb\élhfﬂ%@)w, io‘gﬁi udml ing@eteyibls and
trifluoroacetyl,t-putoxycarbony , benzyl.oxycar bo and9- .
f1 uor enyl n&t S§ﬁ‘ég§< rsﬂgﬁﬁ‘ﬁﬂteq(%@aﬁlﬁwﬁégﬂ%ﬁbvfs %“t%ﬁge ?8%'8%’%?‘8%% s
readi |y detesdditiofdndny ot csipduhdchréparet Ibg tieer hethdde deseribgé helowmkan be further
description of. pratecti.ng.groups.and their e : ) :
Prot ect i ve"@,&gﬁ%anllgﬁt ‘6‘*‘@%‘%&@"5%3/‘6?‘%%" f“ée,ng Shclrl:lgwtir%ﬁak}agonsf \%ﬂ @eéirlﬁ,
1991. METHOBStOF SEPARATI ON [0046]1n any of the synthetic nethods
for prepari the c | REorPMERbR FEREhakiR
é@ﬂ?] g'ggrgc Sg ?Ie cgﬂggﬂﬂ!i ¥ %0 ula ia:_rﬁ%)/to 0 U : s

separ ate r C |_on 9] r_om ne anot er r fromstarti ng
mat eri al s. (EFheprias reeroprdanthmines, ebf) of instimedies rey be apceway o hesteap Ot pugh

separ at e_d' %quje/cf?(yn Wirvafyl ®RFntiRe b fhe A8SIe! & thedB86€ BmOonhRyRAGREEIYinBY df he
techni ques common 1 n the art. Typically such separations g%xol ve

mul t i phase thex PregEationn metipdss ¢ AFuitRble  IRipO-PIPISFHNY S8YRIe R dSHUSR ngeetl:

m xture, | dhﬂtdo}oh@tﬂl,on,t-b%?b&da' iBBﬁyié on_(B@clc), ghb@ﬁﬁb@gﬁ&pﬂj\y. | @rezpmadmgr dphy
can invol ve any nupber of net s.inclu or_ exanpl e.. .
rever se- phgé‘%re Hﬂetﬂ‘g‘?“ﬁ%ycaﬁlﬁ’%l Fmag)., ee%?&‘il %g F"B& ?rofegiongg%ﬁdélﬁgeet?mﬁ?e& Ry
medi um and oh@sﬂilpﬂe@ﬂw . [Foppetleraliemtatogefaphectinggrurd snditheir agppees dt 85 ;
smal | scal %Tanaggoté%cg%{?rgﬁlsqu a%neiﬁs n%\aé%lga%}ﬁe@%%%ﬁ& Wrgrl arative

thin or thitk"f tograp niques “of smal |
scal e t hi n MERHODSH@H SEPARATION: omat ogr aphy. [0047] Anot her cl ass of ,
separati on ggg0ds L WQLYES sfnfSRt HERds R pRpdrHg e o HRpdthdéiHofinula L, it may

be advantageous to separate reaction products from one another and/or from starting materials.
The desired products of each stép or series of steps is separated and/or purified to the desired
degree of homogeneity by the techniques common in the art. Typically such separations
_involve multiphase extraction, crystallization from a solvent or solvent mixture, distillation,
sublimation, or chromatography. Chromatography can involve any number of . methods
including, for example: reverse-phase and normal phase; size exclusion; ion exchange; high,
medium and low pressure liquid chromatography methods and apparatus; small scale analytical;
simulated moving bed (“SMB”) and preparati\}e thin or thick layer chromatography, as well as
techniques of small scale thin layer and flash chromatography. .
[0047] Another class of separation methods involves treatment of a reaction mixture

with a reagent selected to bind to or render otherwise separable a desired product, unreacted
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with a reagent selected to bind to or render otherw se separable a
desired product, unreacted SUBSTI TUTE SHEET (RULE 26) WO

2009/ 089453PCT/ US2009/ 030602 13 starting material, reaction by
product, or the |like. Such reagents include adsorbents or absorbents
such as activated carbon, nol ecul ar sieves, ion exchange nedia, or
the Iike. Al ieniebivsly, the reagents can be acids i nediis:0ase0nf a
basic material, bases in the case of an acidic material, binding
reagents such as anti bodi es, binding proteins, sel ective chel ators
such as -crown ethers, quuid/lqu|d ion extraction reagents ("LIX"),
or the lik 8 Qn%?éhﬁar& anESJ Pré)d@dg PEORE IRL, e gﬁ@ﬁ@ géltsofncﬁ@é)%séitbbtﬁé“ or
depends on e naturé o terials involved or exa , boiling
poi nt and nlt;rnéerﬁ# achvisi @mateidncad:osx mlegular cFievesn dons @@msatmf‘é%% opthsskigc e

or absenceAaémmL@rmé 1 dgemme IO HPFe bdie &ﬂuaﬁ@m&mpmes i8 #aRhdeiof ¥ Of
materials 1n acidic and basic nedia in nul t;AFﬁ?ase extraction, and the

like. One a%dit patgrialnbirding rgpeentosych anpibydisschiptinegprelsinpsdectys gsleprs e
achi evte Ejhgsc?@ﬁ![iﬂ% BRI dﬁ@;dci@fp.?mg@ﬁf}&}l@n@wmmm{eﬁmgl Xt ur efs E:an be
separated into theiy indivj]dual dias eoners on the,basjs o

physi cal gf‘ﬁ Ical déql?cﬂ?’é#c@?r%ﬁ}atﬁﬁeh’ﬂéss %Pﬁra“ﬁﬂdw??n‘ilsom[ g SRy r'}‘ed .
int heI fir t maGHah uElSlv&y Gor exmipmgrbamhy poibid Arcr mﬁléaﬂ}ﬁ'lv@di@:t in dlstlllatlon and
crystalliza nant i oner s by convert i

ot + ooy PR P Sttt o SRR ot ip SRAVSDAAY, Ll or

an appr opr matsalojptatidialahd/basic triedie incoulpphasedxtation, andohd lrkal Oagiskilled aﬂ#e guch

S 2 ool RNkl MBSREL: & BALA BAEH dRlgicpar ati ng. e

di ast er eoner s vertl n t he i ndi vi dual
di ast er eoi $9#48r s t oDiakterequaric adyumzicande wp@teém@mméw@uﬂm@femg@w of

the conpoufds,&f ol ﬂﬁ&&éﬁ%m&c@l"(ﬁﬁérkxﬁ& Weﬂtb@s @t MQ@E&& fffle@in the

substituted biaryls) "ahd are consi dered E)art of this invention.
Enant i oner &'cugh 25 by ehreveategsipdy ardéa figgtiond) éfyétﬁl izptigh EogptiqnisEscsaR By teRHated

[ ?05?] A f' pglsveligg ani @&gﬁﬁlﬁ%fnﬂma @fgo @nﬁda{elte@mc, m&?lﬁ)f lﬁ@lﬂéabt&lﬂ vitlf aee
of its stereoi soner e obtained by resol ution o e racem.c
m xt ur e usPW@oP&a‘ﬁ&PH%ﬁyéﬁE‘ﬁ SLOPP W88 g a“&llhéﬁ’t b Gy g piRgpol or
opt ically a@&ueveacﬁ(esmmﬂengepa@ﬁﬁ@ the ((ﬁsﬂeﬁomerEancﬁﬂﬁlvéMﬂge@,g Siydrolyzing) the

" St ereochem st ounds John & Sons w
or k. - 1504 ML froneS 6100 SRRk, Gy AE bl or o
113( 3) 283 e@f}dyinds Rdi dler presentninyetitivresaypobe attvipisarthers (ng.ombsdisutestf bigrhle) and are
i nvention S Y. :
o o CORMELSERR 1 M ST, BULSEALE LI
corrpounds dRUCsdpar-ati on by fractioral crystallization or other

met hods, (ghsdjor mat hQpeRf teQbﬁéﬁ&r@Q %r 1&t1&ﬁé¥P§ﬁH§QfﬁalW frdd o@m Eékoisomer
derivatizing reagents, separation of di ast er eoner s,

conver si onmey bt pRaing by Hsalitionof &wﬁ@mamwu(esasmg@pla?thqdn %‘ﬁh 6‘1‘ f°FPPé‘°n of
subst ant i ahlhéferwx'ﬁe% Wding %gﬁdaﬂﬁﬁﬂvélteﬁﬂ a?g@ﬂf?(BﬁeldE I £8 twhi}en, UR) CiStere 6dhbhiStry
conditions. See: "Drug "ereochem stry, Anal t| cal Met[ﬁ@ms Han&,

Phar macol o8yOeaiF GORBOUAES. Wehm dYiley gy S"HS#\/E‘F CB]F DRk dP ullgle v Yor'k
(1993). \V\On20254).8 Y5 BRGHE). RS20/ 13640 tixtures of chiral compounds of the invention

can be separated and isolated by any suitable method, including: (1) formation of ionic,

diastereomeric salts with chiral compounds and separation by fractional crystallization or other
methods, {2) formation of diastereomeric cbmpounds with chiral derivatizing reagents,
sebaration of the diastereomers, and conversion to the pure stereoisomers, and (3) separation of
the substantially pure or enriched stereoisomers directly under chiral conditions. See: "Drug
Stereochemistry, Analytical Methods and Pharmacology,” Irving W. Wainer, Ed., Marcel
Dekker, Inc., New York (1993).
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14 [0051] Under nmethod (1), diastereoneric salts can be fornmed by
reaction of enantionerically pure chiral bases such as brucine,
qui ni ne, ephedrine, strychnine, a-nethyl-13- phenyl et hyl am ne
(anmphetamne), and the like with asynmetric conmpounds bearing acidic
functionality, such as carboxylic acid and sulfonic acid. The

di ast er eoner WO 26081089%353may be i nduced to separate by frBERVBHAP30602
crystallization or ionic‘chronatography For separation of the
optical isonmers of am no conpounds, adgtion of chiral carboxylic or
sul fonic acids, such as canphorsulfonic acid, tartaric acid, mandelic
acid, or |qmbijc aci Undeanmémsul(t), Idﬁhstfeﬁbrﬂ&ﬁcl @ﬂtsoéant be fdinedt By eeagon ®f

salts. 100521Alter t| ve et h t.he
resol ved i §natng%{’éet”é‘ir] Y\H“’Eer?k%‘ﬂéa‘%‘ﬁ neo‘?““&“ © %ﬁ%ﬂ‘ﬂﬁ&'?%thlfl'c?ﬁ m
a diaster e@ﬁ@pllemymne (i{ﬁ;he@ﬂﬁle)[vah(ﬁ he 1sce wilht esyﬁamﬂe reomptupd0 beabng aciidlic

Compounds™,. Joh ons Di astere I
conpounds &% %&“ﬁo‘i“%ﬂs orxéléfc?olldrcﬁnd %FPF S%Sr%ip S eEens ¥ g?nay be
enant i oner ﬁnzlaéehyo g&pztrﬂe. Bﬁfricabnadeystan&raum dﬂ@pnloaa@matogl;ap}s;u d‘hr agarat@ntoﬁghb
derivatives foI S8 ar at.i [ . ‘
hydrol ysis optisal 15‘5?383? SUFEP 1fndséna?‘ihc?1n 0 %ﬁ%n??’é’%@ggpﬁﬁﬁmg%ﬁ Sheh as
det er m ni ngampjmrsuiaimcpmd; tmyancmmd,l mvdelivakidngy ladtic peid caagtwltdn formatien gEthg
ment hyl es Yment hyl chloroformate in the presence of-
base, ‘or &gﬁgs&eg]tc & a- net hoxy- a(trlfl uor omret hprheQ% acetate
(Jacob 111 [00852] Or g. Altbraatively.( iyo@ethodA(2), AecSipstratsf to th gesplyecbisi reactefl wiithrqpe

and anal yzipgidhe dilalchiYRcShGRbd U Hoah 4 s ic6RERC aiPf(al A8 tWillen, S
at ropl soneri c enantioners or diast er eoners. St abl e di ast ereoners

at r opi soner Serceherpistn ® Qasio Comppundss Jehm Wileyséi Sensd By ASHdt 32§hd
reverse- phmtefe%ﬁ{mtcﬁﬂmﬂ&sy c&plueownagi \Aor@tg giaeltgalfl ?d’ym&@ﬁi@r aéﬂra]pmndag with
at I’Opl soneril c nap ylI -1sS0Qqul NOI | hes . t a
raceni ¢ m SPARHemescally Rre AL A Teggerit SUghs gty E%‘Vqﬁf%ﬁé{"&aa Bohy
usi ng a chis¢patati@i &t the BiastyredieasSad (hy&hivsiako jublﬂuhdjptfr}’lbloeﬂﬁlb}@g'reapﬁyiher A
(1989) W J.

Chr ot ogr T §8aergite pphef TRsly St Bl LK o AP bt oo
calne(tgeI gls Sblgf)g[l—.lnhﬁﬁtﬁﬂ é}?brwfeﬂéﬂ;mdm thse;desbmegﬁsbasggm Mhsholt hmr:) @fhnﬁhdxy-a-d
i roul ar ol ERRePRERR R {aﬁaf&@gk%éﬁr reE SRBLRS o ek e

[ 0053] The ouxpeund oblytine ther &5 ¥MR speviam ifonthe grestvee ob dg twg atropisomeric -
br 0Py ACt ieiiBherl BEUABENYNG: 2GRS bl dricBIL NpHLRERSSimpBlnds can be

di sorders I at ed ation or regulation o protein
ki nases, t yeneeiedand asph@é &y nomultiand ovatse-plhess ehspmdiogzphy filowing dasdhpds for

and/ or dualsep%ﬁﬁai Jﬂaﬁbﬁl%n}shaﬁ&iﬁtﬁyl lmnaﬁqe; ogmﬂasje H}‘r&géﬂ&idqsb a racemic
conditions that can be treatéd accordin t he, net hod ? this

i nvent i on MEEEEvosHRItigREs (gt PR BY ¢ °m"‘}t‘?$f“lp w&r@m Sta“o“ary phase
hy ge{j proli fo:ﬂha:su 14Gui€ ThidieREHH @{jgsg)nwunm U"Eﬂf ecfhu_-}ptu_ﬂ}an @ﬁ E&;?_QNS% Etéﬂiz,é)
and der mat g] ogi ca eases

WO 2000/ 08&%EH0: f%%@ﬁ@i’@‘sggggﬁ) 5_1%%%‘3@83] ERb s L pHaT B omegs c2] be
phar maceut idbthgubetiysidthaas uied tb drsuﬁghsh bme:a;thirﬂnholaiulehmb rgpmehdticegagionye -

di sorders, 0ncI udi %tc ncers of .the tol .owing categories: (1)
Car di ac: szg 8181% 6f ir cone, rosarcorra rhabdorryosarcoma

| i posar cong pahd teratom; (2)

Lung: br on#hgg]enl crfﬁlg %%’fﬂlgbqu §ﬁ#@gg%§n§§)eﬁthU| ﬁsre@%'ﬁ&&ﬁha&%@'dr

cell, undi renti at ed ce ocar cl no , al veol ar
(br onchi ol dreyapeuic eeemtriar tristiom dikdasss on diserdera mediated: bmﬁwdqlgtm Kb Fagulation of .

chondr omat ous; hanBr tanRs, TRatk hﬁhas&mddlﬂm %Emnle)ﬂxré‘cﬁinle VikbAG:, 2R84 ldual
cell lung; (3) Gastroint ‘estinal ;. esop \%%51 (squanous cel | carm({ungto

adenocar ci SRRTHICTY Einasesy o S8 duttein W‘Fé C°‘§*itl9ﬁ%1'@?f cpR B Eqapg pgcord
| ynphoma; 1@l Ranas 8f SR EnticAARNGIE Akt 48 W6il 1athited &g MR MAGIORO KPperproliferative

cardiovascular, neurodegenerétive, gynecological, and dermatological diseases and disorders.
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(nmyeloid | eukem a [acute and chronic], acute |ynphoblastic |eukem a,
chroni c | ynphocytic | eukem a, nyeloproliferative diseases, nmultiple
nyel oma, nyel odyspl astic syndrone), Hodgkin's di sease, non-Hodgkin's
| ynphorma [ mal i gnant | ynphoma]; (10) Skin: advanced nel anoms,

mal i gnant neWedees*4Pasal cell carcinoma, squanpus cefqT/ESHOEHEHR,

| Carposi's sarcoma, noles dysplastic nevi, |ipong, - angi ong,

dermat of i broma, kel oids, psoriasis; (1% Adrenal glands:

neur obl astoma; (12) Breast: netastatic breast; breast adenocarci nons;
(13) Col ono06414) O wl oriéaelﬂbbdﬁmelﬁt,lﬁa)d plakhacedtiehl| compotiiii ig for (b jredriaent ofind
neck; (17) and hers %udl ng. ,refractor th”%ﬂﬁan %tedcl) seeagz Cardiac:
Kaposi ' 3}‘1’3 er%‘é’l rszdrf'f HE S0 e Cattd  ChndB RS e or
Lherm tte Buciheas @ngmena, anfingarodrtier rkabdeisyosdrcdmap e liposadcorfiadr atnyxamna,

d sorder <. .l BRRR bl QUL AT 0% ELAIPL R bdhdodett ShinOf: £ARREs

al so used I sea con as r eunat o
arthritis, cadlstuddietehtistadi smalmpld)nmsilf&r%ats@ laramgaekhf ﬂdwmlm@e}ul gyeolar

di seases ( fufiohiohohdtby 836U LdAREL Qcorty gﬁgﬁdr&, Eifthb:BARBS Rimartorna,

age-rel ate macu egeneration, nacu neration, etc.),
mul tiple serwiisioma, nerhwmalliopll lung, small pell husg; ¢ wfeSF@éteé%@aug (squamous

aut oi Mmune cgdi SeRHMRMa, AdbREGNnondSt mm]yo&méele;etwrhﬂﬁma SbRRHOSEkRERS] S,
vein graft_ stenosis, peri-apnastomatiC prothetic ft st enosi s,

prost at e hiyﬁ'é’}‘?l?aasli’lamy‘t‘?ﬁﬁﬂﬁ)’cp@ffﬁﬂsr @H‘Et?lv‘éie‘ﬁ’tﬁ?rﬁﬁ% yﬂsal OFgs glucagonoma,
psori asi s, gisﬂfﬁbrlﬂh,tdaﬁihoﬁf tai 616, BpRh), Csdall b3 WEIg@detlbtarcin@mb,i ISjﬁlpl&nd’aemmﬁmd
scar tissue forpati and an aid in wound_healin . {

Soher 051 o TS BT Sy o Dot T JPTh o T, o) lare
bacteri al , bawvl a(hdencrceﬁcrnoma,rtabula:r adﬁﬁi‘r@s iviliogs hdehexod, | lmsridnipy timoyceasi @Y
apopt osi S) Ge IgH)l m)naErXc 1§neﬁs(le dengcealo ol leﬁma‘r F.\m &Pﬁmﬂ!i ?o?ﬁ;elylélpléoma,

transpl ant rejection HoSUpFessant ic s
10056] Accoiedkemrgd)y biad«ﬁmt@ér urgtbpe (uapfous el darmnemti t;msmomll @l scacirpatan od

of treati nulagases), Wostﬂ??dd%l:ar& il GO, WA CHRANRL, RS kb

AKT protein [cilnases, I St ng adm ni ste ing
conpound ofarEReAntR Iteeiatqwawrnoaaapcrhamm&@@gmcwcpw,azé@@wélﬁFlé C%}Pttmae W@F%f

in an amufbosfheed ladéﬁoﬂaé?m& ﬁﬁﬁis ﬁ onpdj Qfgfﬂltversﬁépgtth ﬁﬂfyﬂ&:@llulz{rQ:%J]])ﬁﬂe

amount of COFYpOUI’ld of Fornul a correspond iuc an
amount wi | F °\lF§819°a6Fé‘t9§ﬁd}eH’§°%@wa 9&5@&?@%??%”% édeaa% fngoma; (6)
conpound, B'bﬁee SteogR b Hakchrdd) (SWidsdrdothal eﬁftﬁ(ﬁshﬂcyma, tlhﬂlghﬁe Mibkduy ms«ao@tmna,

wei ght) of manmal _i.n need of eat g ertohea>1 l?ee

Fouti nbly EEPUPTIAE BYNEnECrR PRl TRRIomR i SObar e eh VB o
al so provi tgdorhd)e maligragiu rgdnu)fcelFouuﬁmi achbrdbiod, us@chronftone {oseatantdaginoos

AKT protei ol ose%s Eemng%d(!hg‘lgdggm o%li;[oialasr%oma chondromyxofibroma, osteoid osteoma and
giant cell tumors; (7) Nervous system: skull (osteoma, hemangioma, granuloma, xanthoma,
osteitis deformans), meninges (meningioma, meningiosarcomé, gliomatosis), brain
(astrocytoma, medulloblastoma, glioma, ependymoma, germinoma [pinealoma], glioblastoma
multifonn. oligodendroglioma, schwannoma, retinoblastoma, congenital tumors), spinal cord
neurofibroma, meningioma, glioma, sarcoma); (8) Gynecological: uterus (endometrial
carcinoma), cervix (cervical carcinoma, pre-tumor cervical dysplasia), ovaries (ovarian
carcinoma [serous cystadenocarcinoma, mucinous cystadenocarcinoma, unclassified
carcinoma], granulosa-thecal cell tumors, Sertoli-Leydig cell tumors, dysgerminoma, malignant
teratoma), vulva (squamous cell carcinoma, intraepithelial. carcinoma, adenocarcinoma,

fibrosarcoma, melanoma), vagina (clear cell carcinoma, squamous cell carcinoma, botryoid

sarcoma (embryonal rhabdomyosarcoma), fallopian tubes (carcinoma); (9) Hematologic: blood
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WO 2009/ 089453PCT/ US20091030602 17 [0059] An additi onal aspect of the
invention is the use of the conpound of Forrmula | in the preparation
of a nedi canent for therapy, such as for the treatnent or prevention
of AKT protein kinase-nedi ated conditions. COVBI NATI ON THERAPY

[ 0060] The cogﬁpound of the present invention can be usgd i n 1030602
combi nati on WAHEE30r nore additional drugs such asPGESEIYHEE
bel ow. The dose of the second drug can be appropri-ately sel ected

based on a clinically enployed dose. Tihe proportion of the conmpound
of the present invention and the second drggwgan be appropriately
det er m ned (mydod diukanit dactith and ¢hionicls ewe |yophehlpsfice leukemis ghronic lymphocytic

admi ni st ratléuggméo&gygbpgoh@rawg Ofdeasdd, Sﬁﬁﬁff;}e H}@loﬁ!a,' '?dy@lﬁhySElQﬁd' bym@Rmef, he

conbi nati on her factors. I n cases where he "adm ni strati on
subj ect is P@dghyhﬁaﬁsea*%POH'HQQMéWPWas[@@WHM@h%i' W) (kg afynegd

amount of  Ghefhhorh® mdfGnaRBmbanddA, YRLOG RRinoRa! dquit¥oudvetlp Bircifdmd, KRrposi's
conpound of the present inventton. [0061] The se ond clﬁgﬁc{)sund .of Hl\j

phar maceut iSEEI™a: G0S SXlasic PSEniRCRR; AREiEr dTLPREPPEYi pPEFRYS:
has conpl engrhar yandé triedobla®sind; @17) h?ﬁ“e&@ mReuast Bifast; hrdsti dduepdréinemss (3

b asent ) n EoEERTA Y BUREY SRS e S o8 PER: TE 0 ohBRLY
i nt ended. A&ﬁﬂfnglréfga_bwy aaadhie rd1sa&memposifs saltemyp ][msmyan-zcrmiy_ndmm?; and
Bonbi nat i o R Ph 606 wBl g oo AR e s ilee Y S Blsve

conpound ofdispiders | nvent | on and the additional phar maceutically active

drug(s) . mi?( 0g3§) adm 'i‘hegéo c@@\%ﬂ%&sd Bi@intHibAL cfjé bR ARS Hﬁﬁ%diﬁéa%keases

conposi tion of sep arate en a m ni st ered separately this may

occur - si rrulatlfhﬁ@@ﬂ@ll%ﬁ@h a§éh?}@#toidaﬁﬂﬂyﬂfp‘snoﬁmﬂﬂe@hfo@éﬁeaé‘éci’ﬂé‘ﬂﬁtif%‘}’a
adm ni strat,gf GRMsRe (., O&Qinhlnvﬁsbﬂﬁ'ls%onr Qﬁﬂ%&ﬁ: 'réﬁn@ﬂafﬁ? agélﬁla&ﬁoﬁﬂ&ﬁarm
t he corrpound of this Invention_ an e second g:g %y ibzrdh

rel ative ti9pgeREIoBf DA regFatione ﬁ"% popitigls 5§]§1°é‘6=t SI B‘E’Ff i iscase,
ac mjeve theesckﬁ@sisr eeloieminh ﬂﬁéﬁséshﬁﬂ@@@%mﬁa,eécnﬁ&@dtnos{s()ﬁiﬁ&&,s?hﬁsm vem graﬁ
conbi nati on t her r OVi an ove

i.e., the &FP¥Et p‘g‘gﬂ’ia%‘?\;% euf’ P'%ng '%‘é PR tgﬁj'?’l""ﬂil“s‘%ea‘g oget ﬂve
i S great er pulshary Higeasa) psoﬁﬁslst, hﬁlbﬁfoheﬂhaxrcﬂdml daeggs dus tof ussmrc;mrmgartth%le
conpounds separ at ner iSti be.afta

active i ngr%erg'a{ ﬁ't@n%‘r’aél ai “eo -dflclaef1 glgpl @%é/r ari Nl st g{raggbmglamgajgg
del i vered sifeatibtsarmecigelhny |bncta1abowinl,n53¢tov1mh|qr phorsitig einfegtions | G | gpreasing)

del i ver ed Qa}{ ﬂjﬁfrﬂﬂﬁﬁdn Aleglen ngdgﬁﬁgﬁmller e orR CRBLA! FradsPfilie ﬁEﬁdﬁnés 280

(3) by sone regl In alternation therapy, a
syner gi sti Gm@M%WCSFPES) SBlélcéhqclislethed when the conpounds are

admi ni st er gghsgy  del m&r«ﬁﬁiglys eaautﬁat Asaéc{ ¥f s BrventibY pividELs ettholi rﬂf@&&ﬂn@ns
in separate, syringes, g}gnera during aternatlonthlg‘\gl QQ/
ﬁ y comprlsmg

ef fecti ve d&gaé@eordvedéalcwn PS8 2 rﬁ@?%ﬂl’%?‘ﬂ‘"‘tefj DY L AL
sequent i al lajfministefing to$&8 k4l a SdPolddldd FombitiEd: a(ﬂﬁhihﬁceﬁﬁc)ally acceptable salt

thereof in an amount effective to treat or prevent said disorder.

[0057] The amount of compound of Formula I that will correspond to such an amount
will ,val;y depending upon factors such as the particular compound, disease conditiop and its
severity, the identity (e.g., weight) of the mammal in need of treatment, but can ne_vcrtheless be |
routinely determined by one skilled in the art.

[0658] This invention also provides the compound of Formula I for use in the treatment

of AKT protein kinase-mediated conditions.
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WO 2009/ 089453PCT/ US2009/ 030602 18 whereas in conbi nation therapy,
effective dosages of two or nore active ingredients are adm nistered
toget her. ROUTES OF ADM NI STRATI ON [ 0064] The conpound of the

i nvention may be adm nistered by any route appropriate to the
condition to be treated. Suitable routes include oral, parenteral

(i ncludi ng svwbeubapeaus, intranuscul ar, intravenous, rortusRawden: al ,

i ntradennal , intrathecal and epidural), transdermal, rectal, nasal,
t opi cal (i ncl udi ng buccal and subli nguﬁl ), vaginal, intraperitoneal,
i ntrapul nonary and intranasal. It will "be appreci at ed that t he

preferred r[&ﬁéele MaY A¥ @hidfciofiht E:Et%lf mgm@ilﬁoﬁ 1sttm§usg Qﬂﬁ‘% éoi’n‘i} fof f’é}ﬁlula Iin

reci pl ent . re the corrpoun I's adm ni ster ora gt%llﬁ
f or mul at ed thgsprepaspiion of acugsicaioent far drapy,, sugl e, foxhe ﬁea&n% arr m‘@ nj f KTy

accept abl e ﬁ)@elh{‘lh%e ﬁEmQé‘cPdoHalﬁ&xE Wiere the conpound is adm nister ed
par ent er al i e formulated with a pharmaceutically acceptable
par ent er al ﬁ?&ﬁ%&éﬁh@%um t dosage injectable form as detail ed
bel ow. PHA UTI Cie dofdplldu A inOPiRsent 0B & ®E d&A Iﬂ&niﬂﬁl@tldnhﬁﬂl one or
conmpound of this_ jnvention for t t.her apeuti c, t reat ment é ule
prophy! act M Peditona {ryesofuchginds ﬂcgbefin@ql'ﬁ #{tﬁ‘ i e ‘8

f or mul at ed approprieriy selesngicasst bila ﬁIn&ﬂl@%nﬂal@h@ddﬁ&CHﬁﬁar@ahorpcﬁfahﬂcbmﬁomé ofa

h t | t A t hi
Phere 1. plBreTa BoRIia RA L S Ba g o B PP B R droeieg sty Rabd O
conpound ofadmmlsmtmmmémstct, @re. adiniistretidnarbute ehd)taryemaa:ws, tht: hbmcal condition, the
phar maceut | &l?ﬂuila;t;igm%l Oﬂct‘& "l %%? whil€ ﬂfoﬁn‘?ﬂgﬂ i subiRE M aBubnad Yor

association w I’TB.CGU i cal acce uent or carrier.
[ 0066] The pmnmfbewmr@amgmm@gsedlmﬂsammtdf 8.0 tov &R phstsrby aveight per part by

formul at ed g %@qle@&gpmf%e%ggﬁgvéﬁoﬁ fashion, i.e., anounts,

concentrations, schedul es, course, vehicles and route of
admi ni st r af®8H, conSheseeant comnonnd & Pheareeaticahsontinpiios forpulation o dpyipe

consi der at k@findnprdftdhisty Eé%%ﬁiﬂ%méd&ﬁ} HARitikdR tREEJmpedtdadt . BOdEE sudl thag
treated, the particular nmal bel ng_ treated, Sgl?jﬂﬁ clinical caondition

of the | ndisy dagp’ %‘F?“éhﬁffec‘c #gh ethers SuSh dFuge i LDl dyreseR ! cgphipptigy in

delivery oftmblng tH@%Teﬁ'ecilhﬁfofTﬁE P&fose intcaded. mcsdrmagly,@ﬁothdr b@eaohﬁdpﬂeseng
of admi nistration practiti.one

i 3 heli fact ors known doo s nvention'in mbmamnvvl

The t her apSUFHHERPIY: %’*faf°8‘8{’?s{}‘8“ SHBURTS B FORE"C (g%oun t'o" be

adm ni st eredeemiddru@omo@mxksméﬂlbgemuch considerations, and is the

m ni nrum a necesgsa p o at

di sorder. corrpoﬁ?ldg%?jj%{zrﬁ1 &er %sr%vﬁ éﬁﬁygn%?ﬁdl}@&t éﬂaﬁ%rl{tllaﬁly active

f ornul at ed dme&Sbmp:hm pministeied Mgetue@sagemﬂm mharméﬁemcel\md?@osawneﬁa§ma§ﬂtely
control | ablgy qﬂm&u@&ersm%magmmﬂaf&cﬁ A5 DRl o BlouGABR) haRC e

the prescribéd reginen conposition for use heréein i’s
pref er abl y Sstheequeptial Pciﬂimplatrattlp'e almabe clpssriptimgtor Hete g e (fe gmeys of jhe

Vi vo adm nigbdogid SMhiluStntde asd 86 bdebnd BLRY) 284 Bk iR atindis bSadh@ddiatioh

acconpl i shed
will be selected in order to achieve the desired combined therapeutic effect.

[0063] The combination therapy may provide "synergy" and prove "synergistic", i.e

the effect achieved when the active ingredients used together is greater than the sum of the
effects that results from using the compounds separately. A synergistic effect may be attained
when the active ingredients are: (1) co-formulated and administered or delivered
simultaneously in a combined, unit dosage formulation; (2) delivered by alternation or in
parallel as separate formulationé; or (3) by some other regimen. When delivered in alternation
therapy, a synergistic effect may be attained when the compounds are administered or delivered
sequentially, e.g., by different injections in separate syringes. In general, during alternation

therapy, an effective dosage of each active ingredient is administered sequentially, i.e., serially,
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WO 2009/ 089453PCT/ US2009/ 030602 19 for exanple, by filtration through
sterile filtration nenbranes. The conpound ordinarily can be stored
as a solid conposition, a |lyophilized fornmulation or as an agueous
sol ution. [0068] Pharmaceutical fornulations of the conmpounds of the
present invention nay be prepared for various routes and types of
admi ni strat i B@.2088948xanpl e, a conpound of this invenP¢tB¥S2HANIG t he
desired degree of purity may optionally be m xed with -
pharmaceutical |y acceptable diluents, garriers, excipients or
stabilizers (Rem ngton's Phar maceuti cal Sci ences (1980) 16th edition,
Gsol, A Edvh}:r,easi i dobl®inktnMhebpyd ekiy@ipd idbdagsd cbff torb nad | radre @ttjveaingredidnedare
powder , %ugous sol ution. Formulation nmay be conducted by
m xi ng at 5%%?@ fe F@WB@rature at the appropriate pH and at the

desired de®OHESOFADMINISTRATIONOhyYsi ol ogi cally acceptable carriers,
i.e., carr| t hat ..are _non-.t oxi reciplents.a

concent r at il0 ? enpl 8@ cc?mp‘ilﬁjéj ‘%ﬁ “}Vel%%'ﬁem‘ra% nmul at |t%%1d%2% %&%ﬁ@ﬁ%ﬁ’&%
the parti culiearondiSen tarbd tredied. cBuiekbln troutds mEIud@brabmmmaU(mcbldtngrmlgﬁuiﬂmﬁgfe
from about ;3.0 %ﬁlglo%tragclnﬁgy ﬁmﬁlu"i’%rfap itaBerR, ?rﬁﬁ&@éa? aftH b ﬁﬁ-alﬁttraﬂsldeéal S

a suitabl e enbo ormulati ons may repare usl ng
convent i onagctaliingssh tapicaldincladids bicgd! apd wbbtge@lhrv@n R PapREitanig igtrapplmonasy| K

drug subst Qg Rkt 1t P BPAALiR doh re HEASRA o MENLAP Vi for i ing ed

form of the conpound (e.qg., l'ex with a cyclodextrin derjva | ve or

ot her knows§ordsiep Péﬂaateplaﬁntag'\élwfe) ¢ comgpund iy f\ﬁ@é{uﬁtfﬁedaprém it WpY ke fopy

t he presenggiiaRNe, shlet 0. &ie 4 GhithBuSoally AU @rrRabi ¢>@ipiea1r Whdid ther
di l uent or exci pi ent used | | depend upogﬁtF ‘E)[E({: % Fﬁ"é‘a‘P ?a}(ll
whi ch the CORRYEhJS df‘mt“i‘?&@reglr%%ﬁetrﬂ¥yn\}‘eﬁla¥ OLAEH F 8P aceutie
Sol vent s araa:eg&nejsﬁelnteyal saaﬁced:atneﬁh DasieidsapninRakblEniS, as éadgdbded by
persons ski \ alstRAS) to be admnistered to a

manmal . I n ,:L resofr vet aFe non-toxi c aqueous sol vents such
as wat er anjebesk her hoorderamuse gel comptiimd tofi dtis auventiew farithe therapeviis Giediinenti n

‘é"f‘;ggl Sui t(%lpﬁnﬁé}ﬁ&?ﬂ?n %ﬂél%%égf hﬁ%@%ﬁ%@ﬂf@% h%?%nnalw fBHMJJaQJa‘%n
m Xt ur es t laeqosigfice “mb@@mamhenmwueth@cﬂce a4 fhevraceugical Pompositian. a‘mﬂordmg
stabilizerg, ﬁﬁseas&gﬂ;fqﬁé ﬁvéngor{ ﬁﬁ'egé ﬁxﬂ‘@ﬁedaé RS cARSAYESpARTNn that comprises

concentrations enployed, and includ fers such as phosphat e,

m

citrate andbeotepudr b dnvgetics; maﬁ?ﬁ@%%@&%?%mﬁ’ i ER?FF?QG% SPBPSItioRi g -

and net hi or&bxﬂﬁqsem@&ﬁfpu@fdloy%mmqqxhas@&mﬂ&i@&@cphhmaa@tlkmy besgytle diluent
amoni um chl ori.de; hexanet honi um chl ori de; benzal koni um chl ori de,

benzet honi GRfEHTor i de; phenol , butyl or benzyl al cohol; alkyl

par abens sqﬁﬂtﬁ]as nembhaﬁﬁacpmtmmydon@asiﬁbe of the dirvesatdonl are lfmolaed nioked and
cycl ohexan ecul ar

Than_ anour MBnPERE S8R JegP R e iSRRG b ha (Rt
al bum n, geﬂrahnsttatmo,rconmnannwgﬂ gdvd Inierisal plw@heoﬁhntdrs @r ptuxblgicretrog listhtﬁh:ma@it
pol yvi nyl Pk Bk B3R BT ARPEL AN SHE AR LUE b ora et AIOE (o clinical

aspar agl ne ar gl ni ne nonosaccnar i
di sacchari dexshtm@fﬁxeh@m@ak mmdhapa@se ¢frileel diwdrdeyy eyl sife 65 @el“’%ﬁ%'é égenpy

dextrins; ghehahdds ASRSEGUGR Rfed LHEAE a@ﬂ%ﬁ&loﬁum @Afer TAEIrORBOWL to
mannitol, trehal ose or SUBSTI TUTE SH_I:T RULE 26) WO

2009108945 3PdralUgzeions06bE Snrpenislyoptiecive AmPEY n9fn e c RTPEEI. 1% 58

such as sodiMiRstermtwal b&@%h%%u&%oﬁhderaﬁ&m%@ﬁﬁhd}nm ﬁﬁfcﬁlﬁt)nece@dﬁ.dl’tﬁl‘
non-ionic surfactants such a PLURONI CSTM or E)O|%/ Ien

gl ycol ( PE@)'evenﬂ?é“e*'?fPtﬁlﬂrérF?tdh%dl?Pé%r a]l"iéeocoplﬁetrndd: FESE tion 1 typlc y
stabilizin gorﬁﬂﬁfﬁﬂ Snto Phtithaeditral (ﬁ),sag\éﬂ'ér‘iﬂs ﬁi@px&@ﬂdﬂ‘m’s easilyl bfntrﬁ]aﬂaler@s@g efthe,

emul sifier n ent vatl .ant i oxi dants, opaquing
agents, gl |Sd @% B‘%’chggeg’lgﬁoé“pi?r& tﬁg’IeB’f‘eﬁcﬁlt gLt eners, perfuning
agents, fl 48s7j ng ag”hmcmpambmhme hkmmwmrafdﬂbly istegls. ﬁmpqmwla'r,d@nahﬁons

to be used for in vivo administration must be sterile. Such sterilization is readily accomplished,
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Sui t abl e exanpl es of sustai ned-rel ease preparations include

sem perneabl e matrices of solid hydrophobic pol yners containing the
conpound of Fornula I, which matrices are in the form of shaped
articles, e.g., filnms, or mcrocapsul es. Exanples of

sust ai ned-rel ease matrices include polyesters, hydrogels (for
exanpl e, pol YVE20UP¥IB[xyet hyl - met hacryl ate), or pol y( VEGRUSHOYGEHSE: ) ) |
polylactides (U S. Patent No. 3,773,919), copolyners of L-glutamc.
aci d and ganme- et hyl - L- gl ut amat e, non-jdegr adabl e et hyl ene- vi nyl
acetate, degradable lactic acid-glycolic acid copolyners such as the
L UPRON DEPﬁF“Emn(;ilmbeﬁttﬁ’@cbrEthmhgtr asidhRietonGombemesd Tk cbapduhd ordinarily can
aci d-glyco acetate and

ol y- b -y DS FRE Rk on 5o TR Gl S5t Bl Bl ougion

conposi ti o[ﬂﬂﬁsjf t hePI(annapemad fafaulatiens of thy eannpoouﬂsmﬁ;he tpe:sqnnmtmeorf mam’oeof
a sterile bx@ka@gdt fi’jp L/Ejogg FRAL %cf %ﬂes o?ld&ﬂmgéat%nﬂ £r! ekﬁn Qjaec% & of this
agqueous or ~ol eagl hous suspen suspensi on rmul at ed
accor di ng iyertige hivingthe @Stredubgmgoitmgem@mptla@llé bt:ling@ér“@th neprmeceyiisely ng
agents and,sHspf Een&hu@ﬁs AR il otletéahge?setkemttdn@ MREmARAN& SdibiRRes

sterile injectabl reparation my a sterile injectable

sol uti on of198Qd @ﬁéliﬂ@h QSCH 4 ByEstheforpof giyophilizeRigrpulptipp, 2 pfed powder, or

2009/ 08945&?@5&1@3&&%0 3G mBPRE dofddcfed BR Erﬁ‘ﬂﬁgeit atnbténtaaﬁ&am@tﬂhe
di luent or solvent, such as a.solution in 1, ?ned ol grce%gred

as a | yophPRerepEge phwends at ﬂﬁrﬂﬁﬂﬁdtdﬁ%eea%fc%‘ﬁfyamﬂé Pbﬂew cgicaly aefgtad

that may bee cdifleayrd aarxenmtceb :ecﬁteﬂgef the d&s@gdgtand)ebnaandaﬂoam@hyed sokE um
chl oride so ﬁt‘hop In a dlt ?{bt’;tl le.fjixed o B%trgonv r(t)tnl gnﬁl |y
be enpl oyeB 85" CTBYIigH ep(S’P b 51 ‘?COP?t AL pogRE

bl and fi xetutoay ramg/ frtwe abopB myﬁ:duﬂ&’ldﬁ'ouﬁﬁlﬂgn sryznt deethte dufif atpH bisa smtable

di glycerid it fatt Ci ds

| i kew se bgr%%og e %t‘eh%omurlaetmrasrm 9 ot n SeE a‘B’ ILn%hzﬁ dfs(g)%% d mixing
For mul at i opoceduges. albflrexwe f;batbelhtdexgahbsadm (n1= s*tomawndmf tha restie inzentien ofs
and non- aqm%d%&th% CB Hbdkd te confpry O RY v ERE bR HRer known
anti - oxi dants ers acteri st ats an so utes which render, the
for mul at i opeTRRiREeERiageniliis disselied ik BEiEble folyeRdn s PEPRABRIOTIOBR. AT FIOE RXCIPiSPiG

aqueous anghopeN- aqUBRYSrHSHIEN dutrier, SUSREN Sk Wl Gl JEBdeIuB&J ﬂd@'ﬂleans and
suspendi ng_agents and thi ckeni ng agents. [0073 }'Is'qg "Elgeﬁ' ns of

the inventP SFré‘gf Whigh thg Fompound f°5rﬂ?ﬁ E‘Eﬁet‘ta‘BYeé‘“? pyents are
exanpl e as génatb]lﬁfcﬁ:cteﬁ e&a{jl@esalveﬂaﬁreebge&emf;krssﬁmuém meaquemﬁs(czmsmd y
suspensi on £l si i S ers or._ granul es. r

ol ki re) | PHRUSTRER Sl o St B AR o B P SR
agueous or wated gndscmlieumommmc@blvmqhetmn satsble orf misciblelim miast. r amtabln ab!}eous

i nhal at | Qn?o(l\teg ci(u%ggvm%r Fthadhbl Halr(?p%ie}{e gll %/oll tp%grﬁﬁ }’:\E&r glyc(afs £F| P%’ I490 EG

aerosol ), dmnr stration” exa e as a finely
di vi ded podRfarete. pBDRdSes therbife @hmbhccemnta;aﬁrhslrs,aﬁxeleqsmabﬂlcest@th#fel%t S
for a tab l tcfx?:rtmlalc teh@ Rt ﬁl@&ds%t@?andfcg ce lo&&ﬁ?ﬂd Hliddd®0fnss ek as
| act ose, I um car onat e ¢l um pho at e or “cal ci um car bonat e,

granul ati n&l%iemlwwé@mqrw@cagéﬁe@mww ingjuding-ascosippcidang methiogioRi ¢

aci d; bi ndbr@enegeatsactﬁasebm@eéytahembmzmgﬁﬂoﬁﬁm dﬂﬁbn@fﬁﬁéﬁaﬁetﬁ&@xﬂn @8oride;

nagneS| um stearate, stearic acl d FI’ eservati Va? E@ nlgi LJbCh as
b Q ;na parabe

ethyl or pPeﬁfg}tonblw&PSWﬁeﬁémchwa p&mo Wieh A &rradd
ascorbi ¢ agicH .as hatklyEbr bRpyTUladbm ré&tedliﬁh{ r&6rclaBE @adleHdx Mbl; Gahtatbl;edntl her

to rmdlfyther di si nt rat t bsequent, absorption of .the
active i ng?résé” it WIF‘W? t Q%f’%t&faﬂ aﬁt%zlﬁ i’ aqg“CSSrPSE?EP g P P8 R %lt/aes

t heir st absdrurﬂiy atbehrOr mmar«anctmmmagtﬁmhﬁer lgasﬁmmspmtgnwn\secmtl enal
coating ag ocedur es. .wel

[ 0075] COrrp%Orf ct’ﬁf“"lfd(r% S 8PA AP @é"me 8 F?“”% ng‘%%‘“eh O
capsul es i orlydmecmonolmclazdtlésytbsamhgm@dmdrmher sarhvhx@dewaﬁﬂmmlucvﬁermans@ﬂei d

or dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol, trehalose or
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[ 0076] Aqueous suspensions generally contain the active ingredient in
finely powdered formtogether with one or nore suspendi ng agents,
such as sodi um car boxynet hyl cel | ul ose, net hyl eel | ul ose,

hydr oxypr opyl net hyl cel | ul ose, sodi um al gi nate, polyvinyl-pyrrolidone,
gun1SUBSTITu&§2§HﬁgI ;(RULE 26) WO 2009/089453PCT/U82983ﬁ8&%@8&222
tragacant h an um-acaci a; dispersing or wetting agentsS such as

| ecithin or condensation products of an al kyl ene oxide with fatty
acids (for exanpl e pol yoxet hyl ene stea?tte), or condensation products
of ethylene oxide with |ong chain aliphatic alcohols, for ex | e .
hept adec aeﬁ?f?‘l‘%né%&?ﬂ’é‘?%rf@}mte‘d?nsc Hiibetts B BFidd GUpRlexsy (&g h%@m

oxi de W t h cpafibed) afdfh BbSictRIsINMREn QM ot atBENe | [ SIRUNICE™hE pbly@hylarch
as pol yoxyet hyl ene sorhbitol nonool eate, or condensat i on product s of

ethyl ene o2ed GF®n Thsfemalationsimay alsp dnclude goerqr gpare SFtikAngABeHls. s fjetants,
hexi t ol ankyding dgess, lﬁ.l@:ﬁcaﬁfﬁgail Heht€, eﬁﬂlsﬁ@fs%ﬁb@ﬁﬁn@ﬁlg’ebﬂst;aékeﬁﬁm@maﬁwxﬂan@;he
agueous sus en5|ons so contajn o reser.vatives, (such
R eyl 0P PR RS Bt tsER RS A5, SRET. SHEPGEEY 2o LR e Jeb e
aci d), coI @gdnﬂgarﬂg:ﬂlittr sknoxiuh ‘aNdifiven go peeill San afgdﬁtopresnmmm thg dage(pe.s a
(such as sucros cch ne or. aspartane 0077 p i

may be for rmIP%Ctund og?h Igsﬁlétnﬁllv nélmf ReP %'?lfw\??éuﬁﬁorm@gl 190 %elsé °€éq3de a%'lee
oi I (such m@ac&uimgs»f dliel phamiacengicad iphoduc s meediridnens). B@c@nm phaivhdpeutical i n
a mner al r%ked{eﬁ %?Solﬂeqildh‘%aﬁg@ {n C].‘OQ%DS]SJSh @‘V\%}édyﬁﬁlé Ib Q§ac&@¥tlon '

al so cont ai eni n ara fin or
cetyl al coﬁ@Mq@e@bsemqn@mdg@mnmm fersexemple.chyseorymelhylegheose, or galgtin-

flavoring %&&aﬁsuf@%&)%o@‘éﬁl@ﬂyﬁn@th&?ﬁ%&)%cﬁ)e%h@st ?Qb&tl%’l)alm colloidal dru

preparation. These conpoSitions preserved by the additiop. o
an anti - oxideiEy syHemsasiers Cormle éze?sameq oethapini SHEPHIHEe FERRAEMEIRHJ

Q{jgn}[“ €s S?lhﬂoﬁ?{lﬁesfﬂﬂ r&hi&:{aﬁsfuﬁzﬁ)l ?nln%%cﬁdémﬂﬁiéﬁé)u%u&ﬂ&ﬂﬁﬂﬁlb@ﬁte bijsc{oh’lﬁ in
addi ti on of water genera Qntain e. ac e i ent t.oget her
with a di spé P%W@S%ﬁa%% %bgaa’@ﬁtléﬂseﬁétb)&nﬁf%gf*a%gﬁfﬁh A iR b e
preservati vmall véitied @lpescdios paiduk BGeO6 Nyads! pltgplatgitd sndén dmﬁaamptemicmg
agents are usehd r%g'ldlglfive%goeftg)e/ H.lggbuc %/cgo%? d 0’%5' on aq a.ng ? ona@f g.lll deﬂﬁﬂzll

exci pi ent s "§UEAH Cotori ig”
al so be pr dsentutic pOBHI a‘hanphlaﬂﬂmomnon@&mfdmﬂqummwgmmbnwmanged ina

I nvention %ﬁ%/elailoﬁl?atlgg bqn‘ﬂlaxt Q%eflgfdr%?%dggﬁ%t of Bloi Y)@Fﬁ? Eleﬁg?:ﬂleﬁ' ons. The oily

phase may be"a veget ol | or arachis oil, or a
m neral oi [9078)uch a§u51t%lred€§4mpreparathuﬁ o Gmoaﬁffsquiﬂmm‘é?ﬂmwfﬂ’rl@ p@ﬁpara%y

of these. %Uftébﬁebéx%nﬁ@&iséug%hggreﬁ&@ NecPariohs AR ludk Qémlﬁ‘éfﬁé%le%amces of solid
nat ur al | y-o0oCccurring guns such gum acacl a or gum t I‘Uéagq?cant

nat ur al | y- G¥&erhepin golsmers 5%?%%16 gw%ofsl*@wlb Avichy matricenarf, in' e fogp g
or partial oeShdEf afitled, sl FRMof afidrdcapiGiesls FBxAEpIBE ¥f b@taranhyesd fesices

(for exanpl.e sorbitan nonoole te&f and conden uct s OI? he
sai d parti & R AT i e 5115%?’?78‘3 dhiirreie ©
sor bi t an mMpolg@Eig Atk ®hertds| i(O13s Pavey Nal 53,0730 6], adpolysweesedidnglngmic acid
flavoring anéj ggnmease%ﬁy\f %t glll\llce 6% non—ﬁegradable ethylene-vinyl acetate, degradable lactic acid-
glycolic acid copolymers such as the LUPRON DEPOT™ (injectable mlcrospheres composed

of lactic acid-glycolic acid copolymér and leuprolide acetate) and poly-D-(-)-3-hydroxybutyric .

acid.

[0071] The pharmaceutical compositions of the compound of this 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

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 suspension ina
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WO 2009/ 089453PCT/ 1JS2009/ 030602 23 [0080] Syrups and elixirs may be
formul ated with sweetening agents such as glycerol, propylene glycol,
sorbitol, aspartane or sucrose, and may al so contain a demul cent,
preservative, flavoring and/or coloring agent. [0081] Suppository
formul ati ons may be prepared by m xing the active ingredient with a
sui t abl e nonwbrewbRissng exci pient that is solid at ormiTEzy9/030602
tenperatures but liquid at the rectal tenperature and will therefore
melt in the rectumto rel ease the dru Sui t abl e exci pi ents incl ude,
for exanple, cocoa butter and pol yethyTene glycols. Formul ations ‘

sui tabl e for, wag ipé}gliltgrglm&%p%fe @R oMBAvRE siheReNlofifiofth PS-SRActBBor

tarrpons, Creans, _pastes, oans Or spray. fO‘I’ mul ati ons cont ai ni ng
in additi oPrepaedidia luenbhiliged poviere chmens theiedsertabier vebiclss and splventy Hghinay be

the art tOeRfoRBREOREER Renged ORRELT AR £atbnié Q5dith Ah1bRRSsohGbiE N L&ddition,
creans, olntnents,

, .gel s and .aqueous or oily solutions,or sus sj.ons,
may gener aftfije BEed OBt mpneoRveionty bR AMPLAYRRESA Tl EH P’(/%‘Sﬂeﬂ‘a‘i’%rﬂ‘?d&’ﬁ?el{;?ﬂhﬁ a
convent i ongdrpost e lgaidl ﬁé{e&iﬁill fﬂﬂz ab leﬁplp%@hi'r]]&ﬂdﬁlg(lﬁmtﬁ%ig glgmb- atsligh@erides. Inf
conventional,. procedures well known in the art.. sitions for
t ransder mai"JdH'g' AP ACHs el P %‘ifﬂcﬁiem"lyr]ﬁkﬁ?éeetfed’?% ”(’.)h‘e PWB%%%HB afist ae?ersf'al
ski n pat chpe7iihat aFemwetddns kiiawn foropakdiess adhiniBtraion ancjuds leqiebusi and trae-
art. [0084] Fornu i.ons sui.tabl e for intrapul. .
S ot atr at PR RETs el KPR oDy Pl FLTRARY ol BaBioraes g,
to 500 ni csabuies Ghictcteodtr g foamddtion ésownizegthi the lopdinfythe litndederecipient; andd
500 mi crong, L0 i NGrent | 0. 1 @0 s GEAR Sisend and
m crons, ef§q5]b§hs d\%ﬁingﬁﬁg%ﬁg%&ﬂgggsg?gﬁﬂ%%cgp% f’lﬂﬁlfl%al gﬁ) on %]hrg%ug?ln t he
nasal passtigkenns 4g¢nts. nhal ati'on t hrough the nouth so as to reach the

al veol ar spgga Sui Rl @mbosiIH 8 hORSerkis hidf 815 BUAUBrEuifblb Yor oral use
solutions of the active ingredient. Fornulations suitable for aerosol

or dry powderexams #itdtlstnioeengesnhajd efesof FpAFseIueE iy By AYFPEiions, emuisions,
convent i ongkperfidpeisieand gidMieyds bVaKRY, Mt tdpical B r(fok Rempeast drems,
agents such, as conpounds heret_o?ore used in the treat t or. .
o ophyl axi SMIeaGr BBy & HSeol e 5 Ob PR A BRI C et
conposi t i ogfo@ample aiafiady divijled pwdapph liGEd hadsolEyr ddeninistration by insufflation
(for example as a finely divided powder) |
[0074] Suitable pharmaceutically-acceptable excipients for a tablet formulation include,
for example, inert diluents sﬁch as lactose, sodium carbonate, calcium phosphate or caleium
carbonate, granulating and disintegrating agents such as corn starch or algenic acid; binding
agents such as starch; lubricating agents such as magnesium stearate, stearic acid or talc;
preservative agents such as ethyl or propyl p-hydroxybenzoate, and anti-oxidants, such as
ascorbic acid. Tablet formulations may be uncoated or coated either to modify their
disintegration and the subsequent absorption of the active ingredient within the gastrointestinal
tract, or to improve their stability and/or appearance, in either case, using conventional c_oating
agents and procedures well known in the art.
[0075] Compositions for oral use may be in the form of hard gelatin capsules in which
the active ingredient is mixed with an inert solid diluent, for example, calcium carbonate,
calcium phosphate or kaolin_, or as soft gelatin capsules in which the active ingredient is mixed
with water or an oil such as peanut oil, liguid paraffin, or olive oil.
[0076] Aqueous suspensions generally contain the active ingredient in finely powdered
form together with one or more suspending agents, such as sodium carboxymethylceltulose,

methylcellulose, hydroxypropylmethylcellulose, sodium alginate, polyvinyl-pyrrolidone, gum
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packaged in a variety of ways dependi ng upon the nethod used for

adm nistering the drug. For exanple, an article for distribution can
i ncl ude a contai ner having deposited therein the pharmaceuti cal
formulation in an appropriate form Suitable containers are well
known to those skilled in the art and include materials such as

bottl es (pl a®OiZBA¥E3gl ass), sachets, anpoul es, pl ast PEVEAYI0¢PRt al
cylinders, and the |ike. The container may al so include a tanperproof
assenbl age to prevent indiscreet accesg to the contents of the
package. In addition, the container has deposited thereon a | abel

t hat descr irh@sanithendc gt @tcia; disperdire @rowéttngagents Eheh dsalpethinSUIBSHIcRsABN
SHEET ( RULE, 26 2009/ 089453P S2009/.03 i e
appropri at gmé}é")rtsnf’%r%%s .a&*'%%e ’Séenu tg'yf n& r?afora%g%glﬁé%lﬁacéggetel?jgtleﬁ%i ®
uni t - dose oondenshticn- prodets cdrettgiene roside fwith erarhdie aiphatie dlceheiso fdreexanpld
vials, and i f = dr i I lhd &880 o
requiring (})1 ye%ﬁ[gﬁg% I tlet%)ﬂr%l’gofr ctlﬁggsg%oglrérﬁgcﬁéioggﬁgkﬁéar r i_evrm(,ﬂp?lad(;irlatl oHets
exanpl e wadeived fieom ifatly easids cind i anhrxéiplasveh yas prolyeyethlengs sorbifk eapp¢aiia B us

injection golaulsh@RSrRANGs SFEFRRASH RSN Briill QRA' RHveHHRM fatydeidb nd hexitol
powders, granules and tablets of the Kind previously described

Preferred anpiridtsdarfaanele aelyeviconsorbilen moperietes KhR aqHearhiseengionsimpy ¢lse

or unit daichitai® Uk 08&e pRSrRAVAI (SicRROVRYIN R Gtdp@Up-hffioxghen AR S dxdlatits
fraction thereof, of, thﬁ)aact ive ingredient. ?I%?G] The, i nventaﬁop1
further pr EPFIRSAsGREbie Afl F?Ofé‘@ﬁ&ﬁ% fayige G %@W%Ffeninéélg?“tso e s
active i ngeggisenrbcchainaboyeraas)i ned together with a veterinary carrier

t her ef ore. erina carriers ar terials useful for..the

of mam i stWG ' ARl SRBsRITER B BrndttOh” aipdyt ekt HelibR TS
mat eri al s. wigethle il dsuoli berarhis @il dliee bil, oesame oié pt @bdnet ¢il) of e nyigerelrailr{sucly
art and ar [ a] NCHRTT I i i i : !
conposi ti oﬁssﬁ(fqualiﬂrany&%ﬁéﬁgd#n%lgtsﬁgﬁ%%ga{?ﬁ#eop%ﬁﬁ ,a%]gékaefl%%;g%?t S%%%r?kégg%}yﬁer
desired robed pafafRST thlealcotrolu ritweestninghagento mpb uh thoes st pilt §b<'rvﬂsv?¢\ﬁt FHIG
that is Coﬂgn&‘%ﬁayy‘bet gﬂd@cﬂﬁz %vi@%?& ?ajﬁ%}ﬁé Blof Bleparktf®nP rﬁx@é&%m@o:&tioﬂg L@y be

dosage formw | | 'necessari vary dependi ng upon the subject treated,
t he sever i P{ps@Yedipheaidtgnnd an giti-axisaptistghgp ascohis atidt e of

admi ni stratgees), thetlp&ROIS| fdwdts Ohnd t Bmuks RN fRNgtefalBod iof Cnehduedis Of
the prescri bi n%, p%\s}giq%n, I n one enbodi nent, a suitabl.e armglnt %1; a
conmpound of"PHFE"" #qdgiqn jof waghesheRlle FaviaIR deA i iRePdir RsRer Witk 2

t her eof . Adi¥haititd bAtWeing | ager®N@siding iapmn tand @641 oS mofe arRsavativunt Sdtakleen

about 0.001. mg/.kg of bod ight to about 60 . of, ho i er
oy 1 n andERErShasur et S Ees et e Sl 1 ool oy bock
bet ween 0. Bbavg/ Kgditibnabedipiensisgdit astseeadniugt flav0Orimgdnk golofindapdnts, wesiy ghse bper
day. In sonp instances, dosage |levels below the lower limt of the
aforesaid range may be nore than adequate, while in other cases still
| arger dosd®7May be Thorphaoyasentighltchopesitiopust they ingenjion meyelsp be inge &rmendt |
provi ded t gk, {EeMenh AERET TRORS ShaAL ﬁla{! b Vet B8 Sudhk Q1iveeiISS @faciidT&l, |
doses for admnistration throughout the day. For- further jinforpatjon
on routes 6F 2 aupArHiodt fush pofer srrEPRoliiferaraliin piet Miiwe Owlcﬁfé#ﬂ%.s‘ﬁ‘a*ﬂﬁ

Vol ume S OlemGIRRALIRRS kP bdVRdHednt}id, n -Sdcfinind S Wudh dsi@riiS6d2ia or gum
Chai rman of Editorial Board), Perganon Press 115990’ 'fgjmh | S il est
speci fi cal ["§84°Hts PHBREY- SURHES BRoRPIRYdeS S4oR 2% iy e PCARRIHIEINESIcpyor partiat esters
MANUFACT URGerf20 &8dnl Hatgnaidieind exehingdi obydrided (fhih examipicesibian, manoledd)i aie
of manufacture, or "kjt",6 _cont.aini. mat eri al s useful for th

r eatment . SPpinat rsins ot PR AR ot futept §ciagh & poifyeviene
enbodi nent sobita tdnboleadnpThesamisione ony albnemtagoveetbsng fatonieg emipeanaivef

this i nventa%e%. Sui tabl e containers include, for exanple, bottles,
vials, syringes, blister pack, etc. The
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WO 2009/ 089453PCT/ US20091030602 25 container may be fornmed froma
variety of materials such as glass or plastic. The container may hold
a conpound of this invention or a fornulation thereof which is
effective for treating the condition and may have a sterile access
port (for exanmple, the container may be an intravenous sol ution bag
or a vial hawbnRgeseszopper pierceabl e by a hypoder m cedmjseodizam
needl e). [0089] The kit may further conprise a | abel or package insert
on or associ at ed wi th the container. n&?e term "package insert" is
used to refer, to instructions custo ily included in conmercial
packages ofyy d&erapeg%agama&ﬂm 4 PRha AN A By BIE BRAG Ot 30 Lerd N
i ndi cation sage, °d0s admnrstraty on, contral cations and

war ni ngs cm&mé‘mql ghtcol, h@rhatgb sparsue hort seross eand | mayp alselronigin. | degloent,

enbodi nent regep;;m;eagﬁlon%m@/gp&mﬁ hfdgerts indicates that the :
conp05|t|on conpri sing ound of this invention can_be used to

treat a di M8¥Her melHpaestery ferppiations may &c PeRarediby nKiAg e 2ctivR dnsredisrl Wigy

package i ngQlifabloByn-RHitdh eﬁéﬂg@xﬁtﬂ?at tshafia 4t medlﬁgr@ﬂﬁéﬁm@@b& H{uiber tHe Rekall 0
treat other disorders. I n certain enbodi rre ﬁ‘b%ﬂts ar.e

suitabl e f BFPETAERCER Wk ‘eéqre Ssitiip thy gptomp 4o ﬁﬂcaéﬁf RERE i s

i nv;anéI ion, ulsluﬁh% f@&xa?@w ak&:j lﬁﬂteﬁ@ﬂ§bl§&l@?}en§§@5blﬁ Hehﬁumroeé @itstdd fpr vaginal
i ncludes a er. of unit dosages. Suc ca ar

hvi et haeBa e by B bt RR o R Bra ot pRary Sif G, il b sory
exanpl e of foswnihtiods éontainirg idadditioh &i tee acfiecikgredidil sish enripacies: knpen indhd art
known in taeoegacgaigg ng industry and are widely used for packaging
phar maceut 1 cal PR dosage forms. If desired, a nenory aid can be
provi ded, {0882]exanpleidahfarhdations, nudf an onedes QIDUhQ;!St arls andpqugprepr oily

mar ki ngs 0g e%f@usﬁals&ﬂgﬂﬁy ﬁél%.g be Sl Bﬁi‘dnﬂ&aﬁl@%qg}% 1ﬂgﬂ:dfe&%ﬂl a

treatnent sc osages cah be adrmi ni st ered ‘
[ 0091] Accoraverionab iapienllercomptrblod vehiaht or dilvent; usisy cQIPRYPTAS @rchsma wellr st
cont ai ner Wd it R€agoMpound of this i nvention contained t her ei n;, and

(b) a second container with a second pharnmaceuti cal for latio

cont ai ned 1M8Hei n, GeRRestions e tersdermal pimiMFEReY MK P oRenioR f’gﬂ“’se
conpri ses aarﬁ@@@ﬂdmﬁpﬁaﬁmﬂﬁtam@im&ommﬁﬁﬁbtmkmlﬁ%dm medi at ed

by AKT I ci tivel addi tional | kit furth

conpri se a[}@%ﬁr dc l?lﬁtéorns %‘ﬁtﬂ? % 1, "é\m ﬁé@@iﬁq"ﬂi&ftﬁong%ﬁﬁeﬁmg e
buf fer, susie mswdaaptb e:rthe)&h@tdfﬁ lmﬁté)rmihmns (tm}uémg paticl{ $%4F in) a range between
phosphat e- ?Ef fue§o‘6d SAlRg remen’Esqe{cm%sTSu%hasdé)’f @E&%i%ﬁoﬁ% ytwﬁ?‘fh

It may fur inctude o eria esrra roma cormerci a
and user stseadoiiitaned by rapiduidhalegion tivergh hef fiassl spassenel Qrehyt ighaldtipp thapugh the

needl es, apgd,g¥J LGGIch tﬂ%ﬁ%ﬁg B, kglﬁtatg@%frﬁl}ll{]ito&eiﬁclﬁ&meﬁéo%r@ﬂf SfltioRNS

for the admnistration o e conpoun Is invention and, if
present, t pdhastvasphient nirsaveioansuitille leticsaselon drypgwdes pdmipisigation may e

Kit conpri sRsard abdordilg 16 QARG RIohd] RRhGRTIRY ) Rk RRd GARRME tHereutichiéts

| nvention saurcl:l(;I a? ccsmqu:o?nqg }gglt%?;l;la Tlls{aEEmStL_t'eEE;I;tn(leiy IBF px%glzylaxm disorders as described
below, '
[0085] The pharmaceutical composition (or formulation) for applicgtion may be
packaged in a varicty of ways depending uporn the method used for administering the drug. For
example, an article for distribution can include a container having deposited therein the
pharmaceutical formulation in an appropriate form. Suitable containers are well known to
those skilled in the art and include materials such as bottles (plastic and glass), sachets,
ampoules, plastic bags, metal cylinders, and the like. The container may also.include a tamper-
proof assemblage to prevent indiscreet access to the contents of the package. In addition, the

container has deposited thereon a label that describes the contents of the container. The label
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WO 2009/ 089453PCT/ US2009/ 030602 26 pharnmaceutical fornulation, the
kit may further conprise directions for the sinultaneous, sequential
or separate admnistration of the first and second pharnaceuti cal
conpositions to a patient in need thereof. [0093]1n certain other
enbodi nents wherein the kit conprises a conposition of this invention
and a secondworzer@gseiit i c agent, the kit may conprise BC@EwaDPyGen2 f or
contai ning the separate conpositions such as a divided bottle or a

di vided foil packet, however, the sepaiate conpositions may al so be
contained within a single, und|V|ded container. In certain

enbodi ment snay kib@inklude @gﬁmm&e@n@gsr &84 fofRgatfols maymasoebd phoRhgl ErAnit@Dseak

t he separ ate c onents. . The Kkjt mis parti uI a dvan e

when the s&f IR E?n@ﬁfwleé%?drewalﬁf g arldy B Rt AR o
dosage for ﬂﬁed((ﬂmﬂuhzed))(ﬁhdlﬁdmdeqﬁl&mg Iﬁ]? itz |agiditicn of t‘tﬁdi&‘nhlham& ceterabr example
di fferent doa |nt rva titrat

Conponant s "GE° e By dapeatby SPREL bl el b shHRbns and
physi ci an. SIESQ@@m]tsAmccmrapamcglﬁym sterifeupdviiers, grepdestandftablds of ﬂlﬂ\k@dtpirmvusly
provides a 0 L SEASE: qf'ag}; bl

| dnase, V\hg%g%br?ﬁsgfeg&%amggﬁp eldilg%gﬁaa bs %thgée & gg tlg%ealgyuﬂ ily
conposi t i omubednpPd @rwgabpvmre@@ﬁpompmpmtthﬁ@ﬁomhqua o the@etivg ingredient.

phar maceut igygé)l v aC%ﬁa"ﬂ@éﬁh@n Rifthd: p?o@%%@%emﬁ?@oxﬁ%oskn@%&Hﬁhbﬂg"ﬁ 1daQF one
use. [0095f| n ‘certain enbodi nents urther conprises (c).
second pharfte digredical asc g0 S¢Tinpd pgethiteritt & vetrnascesding theFro R P%’él
conposi ti O'Garﬁ&gr&’é SR8al8uRRC AP the 9@71&@ WPginSMbtaRle oRbositloR 3hd My W solid,

di sor der di sease nedi at.ed t kinase. In certtgl n _epbodi

conpr i si ng g R T A e BeT 1 2517l B Pt gD and e

conpri ses kapgatible twithinthe hdifve ilgRdBhtU HestabitiBary SOfp@Riohainap be sdfiakated
admnistratio ond pharnmaceuti cal conpositions

seco
to a pati eﬁ%rer??{glﬁe%%ﬁ% ‘?{é’?&[g[f"ﬂf‘aﬁgeég‘?dtcrﬁﬁgﬁ enbodi nents, said first and.
second phafe&geut i cdhe suomposi the onspoaticofihistiavenieh that is epetrigetiewith one or
Con 2 1A TR OL T, 0 5 RSN o ron o
[ 0096] Al t heuhistt ﬂrh@edeohvpsﬂupmmr tRodiserila 4t mdlpmi, kit obfadmiaism@io'as%
t her apeut | @hsﬁcgﬁi'aﬁ JfOfhe L&%E}f_&ﬂd %H”Tﬁé %11sc1le{101f o AeS Breébﬁﬁiil ph‘ﬁg&:ﬂleVQﬁ dnk -

IS I'EQUI red to control rotein | dnases, tyrosine_ Kinases,

addi ti onal c&bydimpgy, taﬁwaﬂhﬁﬂmmx@%f@@gounaﬁﬁﬂ%rmva%zp ISgETHGI; tp  TERFALE S

ghusI it %edd&@écréﬂf a@m@ﬁl rmml |oﬁgb1ﬁ@ddm&tn@6&a{sd§aﬁ thoﬂhﬁ fBetWEbntdB&lt 0.001
evel opnmen w. bi Q o i cal test rc or

phar nmacol oﬁ}gg‘ﬁl"?;@@n‘t"%‘g tq‘(’)ﬁ'@’?] fg?cty tP?fed%Eoﬁ‘bﬁT?ﬂﬁ Bq\é\{’%dﬁ?egt

i nvention ammnhﬁataﬁsmdnﬁmmnd\iﬁﬂ'bm&h@mmg/k@aﬂﬁﬁy mtegghoislanmt Ko m@,ﬂ@&;,f

addi ti onal s r| n thr oni ne | dnases, eC| a%nas S

invitro, i’A tp%rr A'n a‘o’orcnﬁllqsm?“ieﬁélosag% ev‘?l‘f ﬁ""&%“s wer 'Innél RS

t hat deter mngemayl hé loiotd thim afequalve while in other cases still larger doses may be employed

without causing any harmful side effect, provided that such larger doses are first divided into
severa} small doses for administration throughout the day. For further information on routes of
administration and dosage regimes, see Chapter 25.3 in Volume 5 of Comprehensive Medicinal
Chemistry (Corwin Hansch; Chairman of Editorial Board), Pergamon Press 1990, which is
specifically incorpo_ra’fed herein by reference. |
ARTICLES OF MANUFACTURE |

[0088] In another embodiment of the invention, an article of manufacture, or "kit",
containing materials useful for the treatment of the disorders described above is provided. In
one embodiment, the kit comprises a container comprising the .compound of this invention.

Suitable containers include, for example, bottles, vials, syringes, blister pack, ete. The
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ki nase activity. Alternate in vitro assays quantitate the ability of
the inhibitor to bind to kinases SUBSTI TUTE SHEET (RULE 26) WO

2009/ 089453PCT/ US2009/ 030602 27 and may be neasured either by

radi ol abel ling the inhibitor prior to binding, isolating the

i nhi bitor/kinase conpl ex and determ ning the anmount of radi ol abel
bound, or byWORMRIH3a conpetition experinment where nREF/TSANPHOWdr s
are |ncubated w th known radioligands. These and ot her useful in
vitro and cell culture assays are wellz2sknown to those of skill in the
art. [0098] Al t hough the invention has been described and illustrated
Wi th a cer taitzinedegy be fanﬁmeqoﬁomiamaﬁay of matedidls $ush engles ot pladict Th¢ cantpéner

P s et O ek 51 SR Ff ERATORB Y el obcoPURAPL:Sr A0 Bikipe
numer ous ¢ gesin |na 'on and arrangemnment o ts can
resorted tdaebyndlh@s@dsmay h@d 3 pterilpy @ccgpst pcwi ffbmenamabpﬁmtopmgmfrrrlmﬁ behen
spirit andlrﬁrﬁ%&sosfoluh&? b;!lgn&egtviap@aw E)]Felr rb?efréegdle b %'Iﬂ;ﬁﬁhemak %%&AL
EXAMPLE AKT-1 I'G nase Assay 1009911 e activity of the conpound

descri bed pg¢fdithe present invention may be determined by the foll owi ng

| dnase assfmsgwhi ChriERaSHY p@onﬂJ?i@eSPfﬂﬁgl ¥ %tka@@m@én & or associated with the
fluorescently-1abel ed pepti de by full-I en human reconbi P %P%gtl ve

AKT-1 by f PRreAines ¢ &bst "e‘f%l P&F‘Pﬂ%ﬂ‘?%ﬁ i%%e%" & & ShiRelructiops ICW%‘(‘F& "VapP
kit. [00 109&1ﬂiﬁﬁc1ﬂ%ﬁa§égd§&&‘@{eka’phﬁm kel trik 06 ik rr@dﬁnatmnwm? Mdl@ﬁlﬁ&y
Bul k Kit, rod%ﬁ h from Ml ecul ar Vi ces, Sunn é%?lgpe
kit materi 31%8%@eud %m FORP RS P warpipgy con ISt 1S
| MAP React itenpdiit fperduao nﬁm!oﬂedm&dmlnﬁm Tthe $abtiGlr, papitdge’ 1ﬂ¢nsmdxmsl\@€tlt2§
0.1%0B5A 0, QPG BT o hRULADSE i Heflol 0t ol LRl cCROEG AR 07
Buf f er (5x)mediatnd] forivRdngBi, hﬂN@ Hamag €l labthe PBIkngh inrgrt Sl alse odicats that the
prepar ed_aSudholiidPln B bl loARat@net dFa Nl ng Reagent into 1x 1 VAP
Bi ndi ng Bu ?

[0090] In certain embodiments, the kits are suitable for the delivery of solid oral forms

of the compound of this invention, such as tablets or capsules. Such a kit preferably includes a
number of unit dosages. Such kits can include a card having the dosages oriented in the order
of their intended use. An example of such a kit is a "blister pack". Blister packs are well
known in the packaging industry and are widely used for packaging pharmaceutical unit dosage
forms. If desired, a memory aid can be provided, for example in the form of numbers, letters,
or other markings or with a calendar insert, desi'gnating the days in the treatment schedule in
which the dosages can be administered.

[0091] According to another embodiment, 2 kit may comprise (a) a first container with
the compound of this invention contained therein; and (b) a second container with a second
pharmaceuticai formulation contained therein, wherein the second pharmaceutical formulation
comprises a second compound useful for treating a disorder mediated by AKT kinase.
Altemnatively, or additionally, the kit may further comprise a third container comprising a
pharmaceutically-acceptable buffer, such as bacteriostatic water for injection (BWFI),
phosphate-buffered saline, Ringer's solution and dextrose solution. It may further include other
materials desirable from a commercial and user standpoint, including other buffers, diluents,
filters, needles, and syringes.

[0092] The kit may further comprise directions for the administration of the compound
of this invention and, if present, the second pharmaceutical formulation. For example, if the kit

comprises a first composition comprising the compound of this invention and a second
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[ 00101] The fl uorescein-1abel ed AKT Substrate (Crosstide) has the
sequence (F1l)- ORPRTS SFAEG A stock solution of 20 uMis nade up in
| x | MAP Reaction Buffer. [00102] The pl ates used include a Costar 3657
(382-wel | made of pol ypropyl ene and having a white, v-bottom that is
used for conpound dilution and for preparing the conpound- ATP

m xture. The"2X¥I%%Pate is a Packard ProxyPl at end- 38HCESPREPE3) The
AKT-1 used is nade fromfull-Ilength, human reconbi nant AKT-1 that is
activated-with PDKL and MAP ki nase 2. 3€©0104] To performthe assay,
stock sol utions of conpounds at 10 rnMin dinethyl sulfoxi de ("DVBQ')
are prepar ebarmyeptiost Eekulatisng the dets may durthere comprise direcheontfouify sipytaneous,”
serially digkit.feh drsépabd Rinkdifador S FMEE 6ebond Eeufi TP EHEItidns 1O a pi

of DMSO) to give 50x dilution series over the desired dosing range.
Next, 2.1- &atgntigaepddhesrit he conpounds in SUBSTI TUTE SHEET (RULE 26)

WO 2009108%gozPCT1 Uﬁ?&@t&i%@ﬁ&ﬂboﬁﬁnem wherein the kit comprises a composition of this

invention and a second therapeutic agent, the kit may comprise a container for containing the
separate compositions such as a divided bottle or a divided foil packet, however, the separate
compositions may also be contained within a single, undivided container. In certain
embodimeﬁts, the kit comprises directions for the administration of the separate components.
The kit form is particularly advantageous when the separate components are preferably
administered in different dosage forms (e.g., oral and parenteral), are administered at different
dosage intervals, or when titration of the individual components of the combination is desired
by the'presqribing physician. |
[0094] Accordingly, a ﬁnther aspect of this invention provides a kit for treating a
disorder or disease mediated by Akt kinase, wherein said kit comprises ) a first pharmaceutical
composition comprising the comp(:)und of this invention or a pharmaceutically acceptable salt
thereof; and b) instructions for use. |
[0095] In certain embodiments, the kit further comprises (c) a second pharmaceuﬁcal
composition, wherein the second. pharmaceutical composition comprises a second compound -
" suitable for freating a disorder or disease mediated by Akt kinase. In certain embodiment
comprising a second phaimaceutical composition, the kit further comprises instructions for the
simultaneous, sequential or separate administration of said first and second pharmaceutical
compositions to 'a patient in need thereof. In certain embodiments, séid first and second
pharmaceutical compositions are contained in separate containers, In other embodiments, said
first and second pharmaceutical compositions are contained in the same container.
[0096] Although the compound of Formula X is primarily of value as a therapeutic agent
for use in mammals, it is also useful whenever it is required to control AKT protein kinases,
tyrosine kinases, additional serine/threonine kinases, and/or dual specificity kinases. Thus, it is
useful as pharmacological standards for use in the development of new biological tests and in
the search for new pharmacological agenis.
[0097]  The activity of the compound of this invention may be assayed for AKT protein
kinases, tyrosine kinases, additional serine/threonine kinases, and/or dual specificity kinases in
vitro, in vivo, or in a cell line. In vitro assays include assays that determine inhibition of the

kinase activity. Alternate in vitro assays quantitate the ability of the inhibitor to bind to kinases
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DMSO are transferred to a Costar 3657 plate containing 50 sL of 10.4
11.MATP in Ix | MAP Reaction Buffer containing 1 mM DTT. After
thorough m xing, 2.5-uL aliquots are transferred to a ProxyPl atem 384
F plate. [00105] The assay is initiated by the addition of 2.5-pl
aliquots of a solution containing 200 nM of fl uorescently-I abel ed
pepti de substvoatwnamd 4 DM AKT-1. The pl ate is centridargsshodiaocoil

m nute at 1000 g and i ncubated for 60 m nute at anbient tenperature.
The reaction is then quenched by the dition of 15 pL of Binding
Sol ution, centrifuged again and incubdted for an additional 30

m nut es ‘at r r

Mul ti | abel aiﬁ—dwﬂ'%%}gg% rﬁegéraggoéﬂ%l gbayr%ﬁbgﬂe}lﬁgatéﬁ?@bﬂ&u%%g%\e{ir?gigg ist2 the
pol ari zat | émibitpridneesfopplex candsleigmninieg thesemepntof radiphabel; aypds (pr by rynging a
above assay, HridroipdinteRt WRYERA inhibrafds 2F idcBSfedviANKGNH rdaMlgands These
PREPARATI VE MPLE [00107]1In order to illustrate the_i tiaon, the
fol | owi ng &3t wsefulin Vit g el culyseasyays are well lﬂgo“%ofﬁéseaﬁﬂ‘g 3 t hat

this exanplgggioes nafthdupirink utva@loh AMERE] QRcridbandni Bus@abdywitfea tdrtaih @egree

suggest a nethod, of pr.actjcin i nvent.ion 0 ed in t
o ONT | °, EEbRiAat, Rt Seertop g B PRsRCtsrBe TSGR Bl Gh P b
readi |y adaphk®it, el thhi Suidadus wmng@tlhonhscd‘nﬂﬁnamxemraﬂmehhﬂ mf(mps)uamdbaof

this |nvent|o he.sc

vent 1o, et e SEREPR 6F sl bbb Pt aRi RS blisfepe of we

i nvention nuwnbmaSMnmsﬁgﬁdegiprepared by nodifications apparent to
those skilled in the art, e.g.g q? QBﬁhﬁ% y protecting -
interfering groups, by ut|I|2|ng ot her suitable reagents known in the
art other than those described, ARd/AddnasgAsaki ng routine

modi fi cati ﬁm 9jof 1 e@ﬁ‘et hé?i@nf‘af‘%etb undidsEftRatih VRS )5peseﬁt‘- hﬁéntfbﬁaﬁéyl BNS
known in the art wll be reco as having applicahility for

preparing EHETESHADRIUTE B)ﬂlo‘f’ﬁég‘g??&%r#ﬁabnwm[ﬂemﬁgfﬁfsnthﬁhléhoél%@aﬁ{ﬂ‘%n of a

descri bed gdr@sdeniiiMbeISS p@tlhbesmaeengmdm&aﬁ edomthdnt hdBNP AKAL1UByeSuopdseens et
forth in deg ees Ce| si us. ent.s 1%% ur chased from commerci al

suppl i ers BUEHALYD “NI“E?FW@H j2¥ajieb , Lancaster, TCl or
Maybri dge, [mneb)wer eThmﬁyWatehauhrefouramhefmmuﬁ 'IMABastKimSmBﬂls git, product

ot herw se | ated Tet dr of ran "T

("DCM'), t gﬁ?dgﬁ b6 anl‘é°18° 5% r?élc?/\sie F?(Jc’has edn}e?lgfn rﬁ]i‘u%%%gur%w

seal bottl| ésacamdBufﬁaedS)asTheeldaed/bdMADm&a@TB@fer emned dﬁ g Trif-iCL [ pH

bel ow wer e alyly, r i r
am%lflif}gél 0% B % los ) rﬁ’a‘qu ¥§s Bﬁﬁﬁwclﬁeg)% aBhdl @ﬁha%n

argon or vvlth Pegs erw se st i n anhydr ous

sol vents, ahd HMénm@a@éﬁlff DT ft¢ a@k s"leelFléuftegipﬁ BAAR Pinding Baffer (Shand BEdy

septa for BRIk Kb QAU CThOBI@he SHBGI AL ?ei:ar@@gs Eqalg@ml&loﬂ'o@ ISP BiEng
d assware was oven dried and/or heat grl ed

2009/ 08945 Bpaetntus bod1AFsBigdips Buffer.

{00101] The fluorescein-labeled AXT Substrate (Crosstide) has the sequence (Fl)-
GRPRTSSFAEG. A stock solution of 20 uM is made up in 1x IMAP Reaction Buffer.
[00102] The plates used include a Costar 3657 (382-well made of polypropylene and

having a white, v-bottom) that is used for compound dilution and for preparing the compound-

ATP mixture. The assay plate is a Packard ProxyPlate™-384 F.

[00103] The AKT-1 used is made from full-length, human recombinant AKT-1 that is
activated with PDK1 and MAP kinase 2. '
[00104] To perform the assay, stock solutions of compounds at 10 mM in

dimethylsulfoxide (“DMSO”) are prepared. The stock solutions and the control compound are
serially diluted 1:2 nine times into DMSO (10.uL of compound + 10 pL. of DMSO} to give 50x

dilution series over the desired dosing range. Next, 2.1-uL aliquots of the compounds in
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29 [00110] 111 NWVR spectra were recorded on a Varian instrunent
operating at 400 MHz. 11-1-NWR spectra were obtained as CDC13, CD30D,
D20 or d6-DMSO solutions (reported in ppm, using tetranethylsilane
(0.00 ppm or residual solvent (CDCl3: 7.25 ppm CD30D: 3.31 PP9I;
D20: 4.79 ppm (16-DMSO 2.50 ppm as the reference standard. Wen
peak nmulti pl WO2PEIFr e reported, the foll owi ng abbr eV¢HEIZEHE30ER e
used: s (singlet), d (doublet), t (triplet), m(mltiple, br .
(broadened), dd (doubl et of doublets),gdt (doublet of triplets).
Coupl ing constants, when given, are reported in Hertz (Hz). Exanple 1
(S) - 2- (4- clIMB®a:3-tkubstiored td NEsuyat B6 -l bdrtaitiihg S0V dofobOY- 1BV mePHy [l x BYLAP di

Y S) - 4- et KIS R RarD A ey or e BoRGHER ey 100 i ar i
pul egenat e t¢ 4BOxFlateGB284iplhtp. i n et hyl acet ate ("EtOAc"; 900 rrL) was
cool ed to [(?(ﬁﬁ%g“s' NGhastiyXs ﬁﬁﬁtegﬁf?w 9&’&&%‘@9% I&H@oﬁé‘séﬁl%n%*@ﬁmg“

subj ected to oZonol ysis e reaction tu purpl e
t hi s poi nt 20®rMrmé ﬂg@fPﬁé@I@Jml@nled:mé@jsubm anfhé nbfééliﬂloﬁnm@ferléﬁmed

fromthe digy-j G6.R3 iboo%gmum BLEPh itke oD BRMER tdnhberafRRCTHGBaction is

m xture until 1t turnedyel The reaction m xture was concentrat ed
under vacu P o gnghed by the add1t1on of 15 pL of Binding Solution, centrifuged again and incubated

for an additional 30 minutes at ambient temperature prior to reading on a Victor 1420

Multilabel HTS Counter configured to measure fluorescence polarization.

[00106] The compound of Example 1 was tested in the above assé,y and found to have an
1Cs0 of less than 500 nM. _

PREPARATIVE EXAMPLE
[00107] In order to illustrate the invention, the folloiving example is included. However,

it is to be understood that this example does not limit the invention and are only .l-neant to
suggest a method of practicing the invention. Persons skilled in the art will recognize that the
chemical reactions described may be readily adapted to altérnati\_re methods for preparing the
compound of this invention and are deemed to be within the scope of this invention. For
cxample, the synthesis of the compound of this invention may be successfully prepared by
modifications apparent to those skilled in the art, e.g., by appropriately protecting mterfenng
groups, by utilizing other suitable reagents known in the art other than those described, and/or
by making routine modifications of reaction conditions. Alternatively, other reactions known
in the art will be recognized as having applicability for preparing the compound of the
invention,

{00108] In the example described below, unless otherwise indicated, ‘all temperatures are
set forth in degrees Celsius. Reagents were purchased from commercial suppliers such as
Aldrich Chemical Company, Lancaster, TCI or Maybridge, and were used without further
-puriﬁcation unless otherwise indicated. Tetrahydrofuran (“THF”), dichloromethane (*DCM”),
tohien_e, and dioxane were purchased from Aldrich in Sure seal bottles and used as received.
[00109] The reactions set forth below were done generally under a positive pressure of
nitrogen or argon or with a drying tube (unless otherwise stated) in anhydrous solvents, and the
reaction flasks were typically fitted with rubber septa for the introduction of substrates and

reagents via syringe. Glassware was oven dried and/or heat dried.
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resulting residue was dissolved in glacial acetic acid (400 nL). The
solution was cooled to 0C, and Zn dust (65 g, 993 mml) was added
portionwi se over 30 mnutes. The reaction was then allowed to stir
for 2 hours, at which point the reaction m xture was filtered through
a pad of celite to renove the zinc dust. The acetic acid was

neutrali zed wo:2eppdhaf 7 with aqueous SUBSTI TUTE SHEEPCTORMERE) WO
2009/ 089453PCT/ US2009/ 030602 30 NaOH and NaHCO3 and extracted with
ether (3 X 800 nL). The conbi ned orga cs were dried with brine,

MySO4 and concentrated to give (2R)-et 2- met hy1l- 5-

oxocycl ope carb it Nod\nfBH.
[00112] St eB‘" oW o %Ngﬂ{ edin V@rel ﬂe‘g’%eg °|§'%Q7\féltg“e‘rn%?ﬁemn%a \ﬁ% added to
a sol uti on ERMR spestra yae gﬂatal(ngims (@Cﬂw D30D, D;0 or de-DMSO solutions (reported in

2- met hyl - Spa0ewG! eReR la%edw&% bﬁreélagl Q)lveilft €DTL,TH pprditdh,bbi Dur ea
(9.2 g, 128 9 rm%l) |n£hgt haniﬁé lng he m](xturse wal')épre Cuxed for
10 hours. APPeP b9 mgms dedMif:v2ik P‘R&% aﬁethw&farenc'rh%af&d@ém t“f}}‘i'@ peak

resi due wagmuniglitities |ateZ REor] the FOIRGEIH idtcoRliddelurd 1s2d:Nd (sinkleB] d GGeuvBRRg), t

t hen extra d wth

Lhe r esul t FFgEN-dajc H’H@%égfpm‘?ﬂg‘?“&gt by AREIE S JEPlech B GOTH Spigrs.
eluting w Chupﬂl@(@ﬁﬂémﬂ‘, Widn ghesfapd repoftad th)Hekto (IgH).v e

(R) - 2-mercapt o-5-net hyl- 6, 7-di hydro 5H- cieylcl opent a[ d] pyri m di n- 4- ol

(12 g, 56%. M5 (APCI+) [MeH +183. B
o

>
A ¢

.e;
A7

HO

(8)-2-(4-chloro-3-fluorophenvl)-1-(4-((5R,7R)-7-hydroxy-5-methyl-6.7-dihydro-5H-

-4-methoxycvelohexylamine)propan-1-

[00111] Step 1: Ethyl pulegenate (130 g, 662 mmol) in ethyl acetate (“EtOAc™; 900 mL)
was cooled to -78°C using a dry iqe—isopropanol bath. This mixture was subjected to
ozonolysis until the reaction turned purple in color. Af this point, ozone generation ceased, and-
the reaction was removed from the dry-ice bath. Oxygen 'was bubbled through the reaction
fnixture until it furned yellow. The reaction mixture was concentrated under vacuum, and the
resulting residue was dissolved in glacial acetic acid (400 mL). The solution was cooled to
0°C, and Zn dust (65 g, 993 munol) was added portionwise over 30 minutes. The reaction was
then allowed to stir for 2 hours, at which point the reaction mixture was filtered thrbugh a pad

of celite to remove the zinc dust. The acetic acid was neutralized to a pH of 7 with aqueous
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OH Le- N N) [00113]Step 3: Raney N ckel (15 g) and NH4OH (20 nL) was
added to a suspensi on of

(R) - 2- mer capt o- 5- net hyl- 6, 7- di hydr o- 5H cycl opent a[ d] pyri t ni di n- 4- ol
(12 g, 65.8 mml) in distilled water (100 nL). The m xture was
refluxed for 3 hours and then filtered. The filtrate was concentrated
to afford (RMOFWENT1- 6, 7- di hydro- 511- cycl opent a d] pYrVRPHPRH2 0|
(9.89 g, 99%9. Ms (APCI+) [MtH +151. [00114] Steps 4 and 5 descri be
an alternate synthesis of (R)-5-nethyl136, 7-di hydro-5H

cycl openta[d] pyrimdin-4-ol, starting from (R)-ethyl

2- et hy 1- 5 NeRHeyE Nelifcdt aad extartodwifh ethas (3 X BENRD). [The orsiinsd efganes were dried

Anunoni um aget atg,{ 249,[g1g0 3114 @l dentbAS) aqged s;vg a(ﬁ.glegl ] OFQ ggth{‘ﬂ%)

et hyl 2-nethyl - 5-oxoc ent anecar boxyl at e mol) in:
MeOH (1.2 Eaiocyqfﬁ@mﬁ@a@b?xd Wﬁilﬂlﬁ‘é(l%ﬁ%%ﬂrred at roomterrper ature
under nitrogen for 20 hours, and the reaction was conplete as
determ ned by TLC and HPLC. The reagtign m xture was concentrated to
renmove MeOH. The resulting resi due ssolved in DCM washed with
1120 (2 X), brine (1 WD 2009/ 08945 §2009/ 030602 31

[00112] Step 2: KOH (8.3 g, 147.9 mmol) in water (60 mI.) was added to a solution ofa.
mixture of (2R)-ethyl 2-methyl-5-oxocyclopentanecarboxylate (20 g, 117.5 mmol)Aand thiourea
(9.2 g, 120.9 mmol) in ethanol (100 mL). The mixture was refluxed for 10 hours. After
cooling, the solvent was removed. The resulting residue was neutralized with concentrated HCl
(12 mL) at 0°C and then extracted with DCM (3 X 150 mL). The solvent was removcd, and the
resulting residue was purified by silica gel chromatography, eluting with hexane/ethyl acetate
(2:1) to give (R)-2-mercapto-5-methyl-6 7-d1hydro SI—I—cyclopenta[d]pynm1d1n~4-ol (12 g,

56%). MS (APCI+) [M+H] +183.
tﬁ J

[00113] Step 3: Raney Nlckel (15 g) and NH,OH (20 mL) was added to a suspension of
(R)-Z-mercapto-S-methyl-6,7-dlhydro-SH-cyclopenta[d]pymmdm—4-ol (12 g, 65.8 mmol) in
distilled water (100 mL). The mixture was refluxed for 3 hours and then filtered. The filtrate
was concentrated to afford (R)-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-ol (9.89 g,
99%). MS (APCI+) [M+H] +151. |

[00114] Steps 4 and 5 describe an alternate synthesis of (R)-5-methyl-6,7-dihydro-5H-
cyclopentald]pyrimidin-4-ol, st_arting from (R)-ethyl 2-methyl-5-oxocyclopentanecarboxylate.

<;<yr°\/

HaN O
[00115] Step 4: Am:ﬁonium acetate (240 g, 3114 mmol) was added to a solution of (R)-
ethyl 2-methyl-5-oxocyclopentanecarboxylate (106.0 g, 622.8 mmol) in MeOH (1.2 L). The
reaction mixture was stirred at room temperature under nitrogen for 20 hours, and the reaction ‘
was complete as determined by TLC and HPLC. The reaction mixfure was concentrated to

remove MeOH. The resulting residue was dissolved in DCM, washed with H;0 (2 X), brine (1
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X), dried (Na2SO4), filtered, and concentrated to give (R)-ethyl

2- am no- 5- et hyl cycl opent - 1lenecar boxyl ate (102 g, 97%yield) as an
oil. LM (APCI+) In/z 170 [M11l]-F. OH er-LN ) [00116] Step 5: A

sol ution containing (R)-ethyl 2-am no-5-nethylcycl opent-| -

enecar boxyl ate (161.6 g, 955 mmol) and ammonium formate (90.3 g, 1433
mol ) in forwemrdes§s303.5 nL, 7640 nmol) was heat ed trCTams2009deonal
tenperature of 150C and sti rred for 17 hours. The reaction m xture
was cool ed, and transferred to a 2L S|hﬂgl e nextracted flask. Then
excess formam di ne was renoved by hightvacuumdistillation. Once

f or mam di ng,s y t
was di ssol \g/;%d&I &%&?Zrﬂé@ C}%& Gncgaﬁt% ﬁggg[&azzl slidh Egth‘l‘ﬂ?%:%%%?ned
aqueous wastrsabewiae (L2 38k é'dld)/\istahoﬂ)dl\@/h’fﬁﬂé @]o“ﬁrﬁll'zﬂé'a Mf%nl c extracts
were dried (Na2504), filtered, and conceptrated. The resulting oil
was dissolved in mniml DCM and thys oI ution was added using a
separator)/ fiumel to a stirred sol of ether (about 5 volunes of
et her vs. DCM sol ution), causing so CI p| tate to form Thi s

i pi d.by fil h d
et vesr ToE VTR o) AusabiPL et U PR bl paeh.

concent r at etkcarboxglateh@6t. 5|g,uérsat mmnl) fand mrebdniim lfcemmat(emtg;vdzt%mal) es.

(R -5 et nirtBTigk B85 S 1640 dh MBS MG oty 65 5006 e
65. 0% yi el &)r 13bogs. pBJstrgactgml rigture| v@s Mled ARQitradslomfed to142. singleaaétraé@d Nas?c
[00117] St egpby fywss@tfoﬁ%hﬁae( %Q;SIe%océaLby RER LaliRY distBfor2dBRL Rl-RMi¥ndY

addi tion funnel to a OC solution
(R) - 5- et hyiPrsd voripgigse degpmaiying @b@ﬁh@ﬁﬂpﬂwﬁs diseplved in BEMand prasheqywith

1013 mmol ) phif P&E200 113, e cmﬁf)ﬁq&f aqlidd8s RELHEt B ex AR dCAHIN @ E The ddRbined
reaction mxture was warned to roomtenperature and then h ated to

reflux und@EauE jextraciigere dngd Maswetiteredh and soneentgisdnabhecisiiing @l yes
det er m ned dh%ldd&’lu&nmﬂi@ DOBAGHd OR sBluldniiR addd uEiaoh @@aﬂaﬁryrfaﬂm to a stirred

tenperature, and.the ce oCl 3 t| ons as

ol own: - RSP G s EHRE S volinet ot s 6 OO ity ol e Pese to

dri pped i nfema Thiskeipitaonwisacmnoved by Geratvndhaghia médicn Na RGOS tisd vad nimsed

cooled in additio h Fhid0

reaction %P et%gr algﬁl&s%qffg;%%?tﬂhﬁ%teéﬁééqur&aﬁg %@%h t@{%\- ﬂm Hon Iathérri'%eated

2009/ 089453#1011;61‘@32@:@ oIeIHRI0 v then dried on a high vacuum line to give (R)-5-methyl-6,7-
dihydro-5H-cyclopenta[d]pyrimidin-4-ol (93.23 g, 65.0% yicld) as a pasty solid. LC/MS

(APCI-) m/z 149.2.
Boc
)
se
|
g
[00117] Step 6: Neat POCh (463.9 mL, 5067 mmol) was added slowly by addition

funnel to a 0°C solution of (R)-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-ol (152.2 g,
1013 mmol) in DCE (1.2 L). After the addition was complete, the reaction mixture was
warmed to room‘temperature and then heated fo reflux under stirring for 70 minutes. The
reaction was complete as determined by HPLC. The reaction mixture was cooled to room
temperature, and the excess POCl; was quenched in 4 portions as follows: Reaction mixture
transferred to separatory funnel and dripped into a beaker containing ice and saturated NaHCOs

solution cooled in an ice bath. Once the addition of each portion of the reaction mixture was
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conpl eted, the quenched m xture was stirred 30 mnutes to ensure
conpl ete destruction of POCL3 prior to transfer to separator)/
funnel. The m xture was transferred to the separatory funnel and
extracted with DCM (2 X). The conbi ned extracts were dried (Na2804)
filtered, and concentrated. The crude was purified on silica

fol lows: sil WORYEPP1 kg) was slurried in 9:1 hexaneP%?W?m&:%@t’ate
onto a 3L flitted funnel, silica settled under vacuum topped with
sand. The crude was | oaded with a DCM khexane m xture, and the '
conpound was el uted using 1L sidearm fl asks under vacuum Hi gh Rf
byproduct s ceipleed] thé fgdnchetl Riéiktwe RYas 4tigdtl B0 Mirftesed igilre complete destruction of

S 1SS it e obenhel LBULAT e 08Py ot

pi per azi ne ﬂmnehmb@xtydcaﬂ evith PCNB (X)), 18% qomibingd wenaels wdudéded NazBBpfilteredn

of (R-4-c h I 0
o 878 i S AR, O il ol L A K CRAR A 1 U SRE
reflux undén 1itexagethylaarelats pite addl fotel fahngh tsilica Feithd um@;‘:)r vacAm.cIPPREA Vit

t was congentr ol coMBSin n
DM vashod o 1 G400 odall SR P OISt 10 oAl analtedng
concent r at éé# sidpare flaglsndar pepuwn HighRE me‘“FféGlu'@ﬁ figst, F‘ieééR)g’e‘Fhké‘P eyl
first with ﬁméh{a%ﬁil@y%ic%tewm&ﬁé @104t ;| 610000 el @J &l bild GleBgRklhe

t hen gradlent : acetate to give %tertbuttle
4- (5- et hyi 0 ml., 534 mmol) and tert-butyl plperazme—l carboxylate (34.8 g, 187 mmol) were added to

6, 7- di hydr o Blitiof Ve @y@nhRi-pyhiIe, tiifydo-yli Lildetdjpheniline (Bhoxy | B8e

oo C or kN o peier £ BBy 19° aom e i bt Gr i o bR B¢

acid ("m CI%EBn@c':‘d, ov2idight (7 h&&? aﬁtm*:h)ch\Aasas acldedraed b b mitaks Tt eesetiQydil was

sol ution of t.er

4- (5- et hy £ é@edd | klliyd\? opé%tdnf%ﬁgﬁ }eﬁedﬂgnd %ﬁsﬁg?cggtlraﬁeg 1€ ar

boxyl at e ( 26ulting)pil &2s erhmi 5)111qa izelCHGLS ﬁ(SB‘&IDh M)lexafrﬁs@thwle@et?’fﬁ ontilprodneir e

was stirre e X i -
(1 u%né 9['{3 T ongradlg%th oY BEW&E%%EQK%?%QR%HE&I Qr@ methyl

stirred for m nut'es. imlar

hours. The 657e%1b)tdrq;$ﬁﬁf°)apmf@{dlm§niéiwhémip@@zie@ -<apR¥yielsdie- Q\&Héé%’f’ 3(19!@ 32
g, 157 mmoly)peald. BORINQIPCE:) /eIy s of m CPBA were added. The
reaction m xture was sti rred over n| gh 14 hours). The reaction

m xture was cooled to 0C, and a sol uti o&""of Na2S203 (29.8 g, 188
mol) in 1120 (50 nlL) was added dropwi fse py addition funnel. This was
foll owed by a solution of Na2CO3 (24.6™>g; 232 mmol ) in H20 (70 nlL) by
addition funnel (m xture turns hono neg us). The reaction m xture was
WO 2009/ 089453PCT/ 1182009/ 030602 33 |rr d for 30 mnutes, and then
the m xture was extracted with CHCL3 150 nL). The conbi ned
extracts were dried (Na2804) filtered, oand concentrated to give

(R -4-(4-(t utox o p razin - 5- rreth I“ ).

ycl opent a[df‘%@@. m dl—l‘rg—l SQ\?% Hat E’TXO‘B'CE‘]T%B IR Eé‘?g) %@;2313?' 1

[ M11] +. BmomdY)) was added portionwise to a 0°C solution of (R)-tert-butyl 4-(5-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (20.0 g, 62.8 mmol) in CHCl3 (310 mL).

The reaction mixture was stirred 5 for minutes, then warmed to room temperature and stirred
for an additional 90 minutes. HPLC iooked similar after 7.5 hours. The reaction mixture was
cooled to 0°C, and then NaHCQ; (13.2 g, 157 mmol) and another 0.5 equivalents of m-CPBA
were added. The reaction mixture was stirred overnight (14 hours). The reaction mixture was
cooled to 0°C, and a solution of Na;8,0; (29.8 g, 188 mmol) in HoO (50 mL) was added
dropwise by addition funnel, This was followed by a solution of Na;COj3 (24.6 g, 232 mmol) in
H;O (70 mL) bjr addition funnel (mixture turns homogeneous). The reaction mixture was
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AcO [00119] Step 8: Ac20 (77.0 niL, 816 nunol) was added to
(R-4-(4-(tert-

but oxycar bonyppi perazi n-1-y1) - 5-net hyl - 6, 7- di hydr o- 5H cycl opent a[ d] py
rimdine 1-oxide (21.0 g, 62.8 nmol ). The reaction m xture was heated
under nitrogen in a 90C sand bath and stirred for 100 m nutes. The
reacti on m xtwor:avw®ss3cool ed to room tenperature, and EXOBISYEWeL i C
anhydri de was renoved by rotary evaporation. The resulting oil was

di ssolved in DCM which was then poure3cjl carefully into ice saturated
Na2CO3. The mi xture was extracted wth"DCM and the conbi ned extracts

were dri 5? sARZAD minlred, 1o Bfdn MUniCARCRR ekRcRE i@ QAU RRBO mL). The

4- (7- acet okvn@nq#eww& rere- dricdydeas Ony filterod | a9 saResiEfsdy i s (R-4lfietni p

er azi ne- 1- wGatyeasotypi rﬁzﬁx?’l—glg)-gqme@l‘gp%-dﬁ?dr@—SﬁQ%&Ibpeh@dWﬁﬁlﬂ%' +) 1-0%ide
377. 1 [Mrll%t Boc 2;!1001 lSte 9: LI1OH H20 (6.58 g, 157 nunol)
was added {4J-%& §E8o LMW EBRIIdMH* -

but yl 447- acet oxy-5-net hyl- 6, 7-di hydr o- 5SHeeycl opent a[ d] pyri mi di n- 4-ypp
i perazine-1 - carboxylate (23.6 g, 62. ) in 2:1 THF: H20 (320
m.). The reaction m xture was stirred forj]irg m nutes, and then war ned
to roomtenperature. LC/ M5 | ooked thg s at 3 hours and 4.5 hours.
The reaction m xture was cooled to O t hen saturated NH4Cl1 was
added to the mixture. The mixture waS_stifred for 5 minutes, and nost
of the THF was renoved by rotary eva ord¥ion. The nixture was
extracted with Et0OAc (3 X 250 nL), 'and the conbi ned extracts were

dried (Na2§01)9] fil Blepedl, ave cEiiid@emtls a8iéd mrite v uetidedwals {R)afsteidrton
Bi ot age 65 Mlmﬁic&b&%@%&tﬂﬁgﬁ%?%:%&?l-s,ﬁ-ﬁfﬁ?dr&%ﬁ-@@%ﬁ&%b i 10 fhoxide

DCM et hyl acetat e. | UCt ‘'was™ SUBSTI TU HEET ( RULE 26)
WO 2009/ 086483628 mspdo Tho Besiop midure wat healgd urdsepiregen A 2 Yeerapddathgad

flushed thg@udhod 118 highttdMThe HBRA0m RixturOGM MR 1d rdbriHeRPerktie, 4rdSdkecdd

the product (8.83 g). The m xed fractions were re-fl as gdo\l‘\ﬁhh

Bi ot age 40RFEHE YR das SV UH PR GrrRoRPngi e resiing Al vas Gt sh 1 2N

9) ,( V\ﬂi g h gaus was ﬂﬁﬂ?&@ﬂ@a%éﬁﬁlbgnt@ﬁce (sEiRhted BaiODYt Sl‘ge mixture was extractedl with

4- (7- hydr oxy- 5- 1-6, 7-di ro-sS5H-cyc ta rimdin-4- i pe

s ne) 1. DB A e Fatped cihadl el it OV O Bt SPSplAay d (o)

(APCl +) m rertddfyl 1 fH(bfetoxy-Baeethyl-6,7-dihydro-5H-cyclopenta[dipyrimidin-4-yl)piperazine-1-
carboxylate (23.6 g, 100%) as a foam. LC/MS (APCI+) m/z 377.1 [M+H]+. '

Boc
()
N

“Z "N

| .

Sy g

HO

[00120] Step 9: LiOH-H,0 (6.58 g, 157 mmol) was added to a 0°C solution of (SR)-tert-
butyl 4-(7-acetoxy-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-1 -

carboxylate (23.6 g, 62.69 mmol) in 2:1 THF:H;0 (320 mL). The reaction mixture was stirred
for 10 minutes, and then warmed to room temperature. LC/MS looked the same at 3 hours and
4.5 hours. The feaction mixture was cooled to 0°C, and then saturated NH,4Cl was added to the
mixture. The mixture was stirred for 5 minutes, and most of the THF was removed by rotary
evaporation. The mixture was extracted with EtOAc (3 X 250 mL), and the combined extracts
were dried (Na;SQ,), filtered, and concentrated. The crude was flashed on Biotage 65M: 4:1
DCM:ethyl acetate, then gradient to 1:]1 to 1:4 DCM:ethyl acetate. Once the product was
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) [00121] Step 10: A solution of DVSO (5.45 nlL, 768 nmmol) in DCM (50
m.) was added dropw se by addition funnel to a -78C sol ution of
oxalyl chloride (3.35 nL, 38.4 mmol) in DCM (150 nL). The reaction
m xture was stirred for 35 mnutes, and then a solution of
(5R)-tert-butyl

4- (7- hydr oxyWe2pRa0N5E- 6, 7- di hydr o- 511- cycl opent a[ d] pyF¢HYSap0R/034602

yl ) pi perazi ne-1-carboxylate (9.17 g, 27.4 mol) in DCM (80 nlL) was
added slowy by addition funnel. The rgaction mxture was stirred
another 1 hour at -78C, after which neat triethylamne (18.0 niL, 129
t Mol ) was eRdslg theh OthyiReetitt whiiBhed HiiGugh@iRCdolu@ih. Thet 30 IED@MMEDTR eluted the
allowed to rmto roo e rat.ur nd then J tirr far 30
ot es. | 1IDPVBRPTRdRERS Bhe T i e ek el Ble st sShe 98,
m.), and t hencandiinedo @t nambes pwaoe (X9 Bdwhibla 2466 4)combinéd welddf (Fdert-
concentr at In vagup, .The .crude . urd.f L gelh.:( Bl ot age
550t he. S0P’ ws ProlRfaaetpF s AR R B AR e
gradi ent t carboxylaCM.8 d196.38%¢ pitld) & adorni. | LGMSAABEHpint3Bhg [MtHEn 1-4
DCM Et OAc el uted. product to give (R -terpbutyl

4- (5-met hyl- 7- oxo- 6, 7-di hydr o-5H-cycl o a[ d] pyri m di n-4-yfl pi perazi
ne- 1-carboxylate (7.5 g, 82.3%yield) as foam The foam was -

concentrated from DCM hexanes (3 X),ywWhiNch al so gave a foam HPLC
~95% area. LC/ M5 (APCI+) in/z 333 [%ﬁfw BocBoc )| ) NN HOHO
f o

[00122] Step 11: Triethylam ne (4.33 . JL. 1 mmol; degassed with
nitrogen 30 mnutes prior to use) an mc acid (1.36 nL, 36.1
mol ; degassed with nitrogen 30 m nit es SUBSTI TUTE SHEET (RULE 26)

WO 2009/ 08 9ehaBRCT1USRP 6:10300Q3n 3P DMSO (5.45 mL, 76.8 mmol) in DCM (50 mL) was
added dropwise by addition funnel to a -78°C solution of oxalyl chloride (3.35 mL, 38.4 mmol)

in DCM (150 mL). The reaction mixture was stirred for 35 minutes, and then a solution of .
(5R)-tert-butyl ' 4-(7—hydroxy~5-methyl-ﬁ,7-dihydrd-5H—cycl0penta[d]pyﬁmidin—4~
yl)piperazine-1-carboxylate (9.17 g, 27.4 mmol) in DCM (80 mL) was added slowly by
addition funnel. The reaction mixture was stirred another 1 hour at -78°C, after which neat
triethylamine (18.0 mL, 129 mmol) was added to the mixture. The reaction mixture was then
allowed to warm to room temperature, and then it was stirred fq; 30 minutes. HyO was added.
The mixture was exfracted with DCM (3 X 200 mL), and the combined extracts were dried
{(Na2S0,), filtered, and concentrated in vacue. The crude was pui’iﬁed on silica gel (Biotage
65M): the column was flushed with ca. 800 mL 4:1 DCM:EtOAc, then gradient to 1:1
DCM:ethyl acetate until product eluting, then 1:4 DCM:EtOAc eluted product to give (R)-tert-
butyl 4-(5-methyl-7-0x0-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate -
(7.5 g, 82.3% yield) as a foam. Tﬁe foam was concentrated from DCM/hexanes (3 X), which
also gave a foam. HPLC >95% area. LC/MS (APCI+) m/z 333 [M+H]+.

EIOC ' EIOC
SHEe
SRRty
AN W S
HO HO '
[0G122] Step 11: Triethylamjne_ (4.33 mL, 31.1 mmol; degassed with nitrogen 30

minutes prior to use) and formic acid (1.36 mL, 36.1 mmol; degassed with nitrogen 30 minutes
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prior to use) were added to a solution of (R)-tert-butyl

4- (5-met hyl- 7- oxo- 6, 7- di hydr o- 5Hcycl opent a[ d] pyri rni di n-4-yl ) pi per azi
ne- 1-carboxylate (9.75 g, 29.3 mol) in DCM (210 ni; degassed with
nitrogen 30 mnutes prior to use). The m xture was stirred for 5

m nutes, and then a Ru catal yst (0.0933 g, 0.147 nunol) was added.
The reacti onweames®issr ed under positive nitrogen presumusoessm ght
(18 hours). The reaction m xture was concentrated to dryness and
dried on high vacuum The inpure materj.al was flashed on Biotage 65M
| oaded 1:1 DCM et hyl acetate 500 InL fTushed, then 1:4 DCM et hyl '
acetate U”h Hidr thuQ %‘etre Qd%@&i t§ Q%])mont Sled?(g-@errﬁﬂ'tﬁﬁ c;5-anQthElle’iﬂbxoG?(i  Niihydro-5H-

t at MeOH el ut ed t. The, fract
er ¢ conbl RPN ISTEGRTTApREBR kerory Ciapdoaisne) mRCHdel i

was c8ncenaégags&ﬂwmgalwgehrso%mwmmn@@ (e ehi@e RadThtitiedi @ SQhinutes, and
tert-but

44(5R, 7R) thems Bp 6%31Y% (M98 R §10- K7 oty agded dheiensiam s RS v Repthves.- y

Ih) 3' per aé i ﬂﬁn%enl 6@@@@%7 d mggt ((mgﬂﬁf)) Tiﬁﬂfkadneﬁ nixouré whs e’bﬂ(&Ei&;f&B):dﬂjmess and
roxy- 5- i hydr cyc o a in- razin

eyl- ca)r/boxgﬁ'IE é“ B nGFY '9.'@% e Snaé (é%&%@ Ota'%n 6%1%!@% 1

(APCl +) nf BCBB&Ghyfl héetdd 560 rril[lﬂush&\iRthétCD@II{)M sthyj\mhtﬁ»s% product (2nd spot), then

di ast f X

O aaL e 05k Bt S oG POl B e 0GR 15 )

was added tamtancd @émngﬁntrgcd of a togary efapergtbr. The residue was concentrated again ﬁom

44(5R, 7R) - 4p % f05g1f5eclt %@of%eﬂbkgqr(%@ﬁ)@%hﬁﬁ’ﬁ ﬁﬂ@ﬂ&lh{ﬂr@'jﬂ-‘l

| ) pi perazi ne and triethylam ne S4 38

nL, 31.4 rrmloper;tqid]m@w@mffﬂ)myram%bcqulﬂeoﬁnaﬂﬁrktaaﬁl etev\ﬁ%tﬂs HEORS)-2n
r oom t enpeqadiys- etsmalf/gﬁﬁgdmasfm@mom pydaadi Mﬁﬂyﬁﬁp&@%ﬂeﬁ%ﬁ&@sa@dded

The m xture was stirred m nutes, a t hen_extr d

Conbi ned P (S by B 16 Piet) Ghaotm, LONP {GPE) ok g5 B r ot MR ©
The crude yescif)lseshe ds@iaBiedsagivephd in@zraidieR aufiscl eielhink. acet at e

| oaded crude, then 2:1 hexanes:ethyl acetate el uted tert-butyl

44(5R, 7R) - 5- et hy1- 7- (4-ni trobenz y oxy) -6, 7- 4.1 hydr o- 5Hcycl opent a[ d]
pyri m di n-4-yppi perazi ne- 1- car boxyl at e and a[]ghd m xed fractions).
Then terthbutyl

44(5R, 7S) - 5- et hy 1-7- (4 ni trobenz Xy) - 6, 7- hydro 5H cycl opent al d]
pyrim din-4- V\D 2009/ 089453P 3”89/ 0306
s: e Fute

yl ) pi perazi ne-|-carboxyl ate wa d u3| hexanes: et hyl

acetate. The fractions with pr t were nrtf:ntrated by rotary
evaporation to give tert-butyl 4 5R, 7R) - 5- hyl - 7- (4-
ni trobenzoyl oxy) -6, 7- di hydr o- cycl ope d] pyri m di n-4-yl) pi per azi

ne- 1 -carboxylate (8.55 g, 8 Yo yi el d) a foam LC/ M5 (APClI+) mz
484 [Mrl-1]+. 111 NWR (CDCL3) yshows singl ¢ diastereoner). The |
fractions with the other diasiereoner wefe concentrated by rotary
evapor at i of0123] gi veSitrei2:- l&tl‘ﬁly'bbenzoyl chloride (4.27 g, 23.0 mmol) was added to a 0°C

44(5R, 7S d
yr o ai . a5 B b st B! Tﬁ’“ﬁ”@ )ﬁy?ﬁ‘ﬁ"lémﬁgﬁ‘gh P
f oam LC/ ME#+yhPgiragnet Irgagboxpate (Ni-&- 20)%mmelp gubuiptylerping & Hegbril kﬁ*e@malh n
al ternati vecRf WB@S i '?ﬁl' r@dccutgxﬁﬁfxﬁpé‘%%l AREDR o) eRpdiBRi ¥erdight, after whmh

(4-ni trobenzoyl oxy) - hydr o- 5K- eycl op enta[Ud pyrim di n-4- 2 Blera
Zi ne-1-car W@F%}T %dWQsengle_dbLﬁhwmmmre was stirred 10 minutes, and then e act d wi

445R, SE) ASD@M h%lathﬁlﬂedrbkﬁicﬁb%&z&iéP ONY3OH, el A Ercdiiaey CTieRamt ahd] p
yrlm | perazi ne- ar ylate from .
4- (7- hydr of¢? ?%1%331 Mfd%%?%?@i—ﬁ@?iﬁ@ﬁ#%‘f‘%itﬁ?‘rg Jnl?e&?qffs ﬁfhx}ﬁf)e%er a
zi ne-1-car blﬁﬂé&’ | at e (teSt ®iy19) .  BOGEI7R)-5-methyl-7-(4-nitrobenzoyloxy)-6,7-dihydro-5SH-
cyclopenta[d|pyrimidin-4-yl)piperazine-1-carboxylate and a few lmxed fractions). Then tert-
butyl  4~((SR,78)-5-methyl-7-(4-nitrobenzoyloxy)-6,7-dihydro-5H-cyclopenta[d}pyrimidin-4-
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) O2NO2N [00125] Step 13: 4-Nitrobenzoyl chloride (15.78 g, 85.03
mmol ) was added to a OC solution of (R)-tert-butyl

4- (7- hydr oxy-5-net hyl- 6, 7- di hydr o- 5H cycl opent a[ d] pyri m di n- 4-

yl ) pi perazi ne- 1-carboxylate (25.85 g, 77.30 mmol) and Nets (11.73 g,
16.16 nmL, 115.9 mml) in DCM (400 nL). The reaction m xture was
stirred for WOWPHIEE. The nmixture was then warmed t oP¢HBEH#09/030602
tenperature and stirred overnight (17 hours), after which saturated
NaHCO3 was added. The reaction m xturesgas stirred for 10 m nutes and
transferred to a separatory funnel. The organic | ayers were

col I ect ed, ypiferttiee-Bepminayiste et rehddSusingrie2 mﬂme.elthyﬁ dcbratICNIhe Frapjons TWid
conbi ned organi.c_extrac e dr |ed Na

concent rat du e b BEbIa B Pl 6BSortiy Bk e b A GRS et 7
hexanes: et hlyttobarzexlatya}6,(7glrhadtpéhi—cyanﬁcnh@]mmsdleﬂhyplpmdt@bpwlﬂe 1(8.55

hexanes: el ks BEGLA & urt TCAVIAER) S (AR 2R NSRS G snge

tert-butyl
met hyl - 7- (@mtetepmtxénzﬁyl Bacyipnse with dthé pithen dBHeteydr opan tcapesPiaiad; Phirefim- 4

-yl') pi per azc'véb%ra&on t(y\l%lgeo Q4. %45%8%5J§%‘Q@19{ ﬁ@%&%e&&bﬁ%b%hﬁtﬁ{-

sone clean tert-b

44(5R, 73) - GYWW@JWUP@W -YhripsEriney tasegyviar 10-3i6hgdPo2BHEE) Gehtiaf®) p
yrim di n- 4-pdamicRetiazhresdmpealpoxyl ate and sone nmixed fracti ons wer e
i sol ated. The m xed fractions were recol umed nd co Pﬁg V\% hF
pr evi ousl y [P(Eaﬂat ed Sﬁatléﬂqsg}befﬁlaltemaUVe preparatlono tert-butyl 4-((5R,7S)-5-methyl-7-

gi vet er t - bytyitdédnbdyioxy R, 7-Bihfids- hmkyﬁoﬂeﬂmﬂd!ﬁyﬂﬂﬂﬁmg}ﬁlmme-ﬁ chbd?tyﬂ'ﬂﬁja’rﬂ 5
?l:'-B(%;: yglqute g?rf-{_rlﬂlf% (gl{{]_]ﬁl-ﬁmeth%- -(Q-Inptro[)g'n%cl)yrl]c;exy}G (l\glrh?&)( %{{ cygio [d%pyngﬁd.m-
R5R, 7S) - 5- retlipiptrazing denbdxylotoe fizmy ( SRIrt-Butil- di(hirgirecy SHnalyd 65 pintatH-py
rimdin-4- azi car.box 34% . The use of

4- br omobenz ]%’ tﬁﬁ‘ﬁyﬂ%’e ii)yb%eéaﬁmgﬁﬁ% ﬁa%ézﬁsgg 9sl ightly bet ter
separation of the isonmers. Boc eCtifN N Boc

OO
g9

[00125] Step 13: 4-Nitrobenzoyl chloride (15.78 g, 85.03 mmol) was added to a 0°C
solution of (R)-tert-butyl 4-(7-hydroxy-5-methyl-6,7-dihydro-5H-cyclopenta[d}pyrimidin-4-
yl)piperazine-1-carboxylate (25.85 g, 77.30 mmol) and NEt; (11.73 g, 16.16 mL, 115.9 mmol)

in DCM (400 mL). The reaction mixture was stirred for 5 minutes. The mixture was then
warmed to room temperature and stirred overnight (17 hours), after which saturated NaHCOs3
waé added. The reaction mixture was stirred for 10 minutes and transferred to a separatory
funnel. The organic layers were collected, and the aqueous exiracts were washed with DCM (2
X). The combined organic exiracts were dried (Na;SQOy), filtered, and concentrated. The crude
was flashed on silica loaded with 7:1 hexanes:ethyl acetate (gradient 5:1 hexanes:ethyl acetate
to 2:1 hexanes:ethyl acetate to 1:1 hexanes:ethyl acetate). Some clean tert-butyl 4-((SR,7R)-5-
methyl-?-(4-nitrobenzoyloxy)-6,7-dihydro—5H—cyc]openta[d]pyrimidin—ﬂl-yl)piperazine-'1- |
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HO [00126] Step 14: LiOH H20 (0.499 g, 11.9 mvol) was added to a 0C
solution of tert- butyl

445R, 7R) - 5- net hy1- 7- (4- ni t r obenzoyl oxy) - 6, 7- di hydr o- 5H cycl openta[ d] p
yritnidin-4- yl)piperazine-1-carboxylate (2.30 g, 4.76 mmol) in 2:1
THF: H20 (40 nL). The reaction mxture was warned to room tenperature
and stirred Wonrododeegar. The THE was renoved by r ot ar yPEVUSHO¥E6GDN.
Sat urat ed NaHCO3 was then added, and the m xture was extracted with
ethyl acetate. The conbined extracts ware washed (I X) with saturated
NaHCO3, dried (Na2SO4), filtered, and concentrated to give tert-butyl

445R, 7R) - 7 cﬂbf&&ﬁi&)’soﬁm%ﬁﬁﬁéﬁ—bﬁwﬂt- CPR 7S 5-methyl—7 (4-nitrobenzoyloxy)-6,7-dihydro-5H-
di hydro-51-1-cycl o ra2| neil car box

enta[SJ )yrlm 'agﬁ‘? '
(1.59 g, 16(Flayspt ii 2! E'H@E@Xé'f‘ éP Sogreised frstions s éed% 2edve
greater thake 918&’@1 FHARPWES rechlEhdl dndREhbihedWith B3 brefibisly ikplated mnatderidltd\)

HO [ 00127] Step 15: 4M HCiL/ di oxaf(?ﬁ{ %-%mgﬂﬁl 7 (ﬁ_m%ogenzoy?ox)y) g\@&h%lrggﬂ to

a solution®Sf tert-

44(5R, 7R) - zycnnpartqmyﬁqmtm)hpewmai BybglafeH(EhT| @petst[ didoytert-hitdi - 4-

yl) pi per azi 0.60 N (15 nl).
The reacti 8 (ﬁﬁﬁ)x%ma%%% 'né 0%6"%%0)(3?6?@1]% T (%rrpc r a%eﬂira@h?fnﬁé?ﬁ%l trogen
over ni ght §D@pdnrinedjcarbdipdater 12158 rge 3¢0as Tomeseraf deranpberyoylVghloride has been

20091089453PCT/; ‘%J‘?f?"%% eng@%e&gangﬂ ere% Sonipd dried on a high vacuum

line The crude was s soni cated, and stirred for 5
mnutes. The solids were isolated by filQoation through a mediumflit
funnel with nitrogen pressure, rinsed \r[wﬁ\ ether, dried under
nitrogen pressure, and dried further hi gh vacuum line to give

(5R 7R) - 5-net hyl - 4- (pi perazin- 1 -yl)- -di hydro -5Hcycl op enta
[d] pyrimi din-7-0l dihydrochloride g, 79.8%yi eI d) as a
powder. LC/ M5 (APCI+) nmfz 235.

HO

[00126] Step 14: LiOH-H;0 (0.499 g, 11.9 mmol) was added to a 0°C solution of tert-
butyl 4-((5R,7R)—5—methyl-7-(4-ni1:obenzoyloxy)—6,7'-dihydro-5H-cyc10penta[d]pyrimidin-4-
yl)piperazine-1-carboxylate (2.30 g, 4.76 mmol) in 2:1 THF:H20 (40 mL). The reaction
mixture was warmed to room temperature and stirred for 1 hour. The THF was removed by
rotary evaporation. Saturated NaHCO; was then added, and the mixture was extracted with
ethyl acetate. The combined extracts were washed (1 X) with saturated _NaHCO_«,,' dried
(NapS0,), filtered, and concentrated to give tért—butyl 4-{((5R,7R)-7-hydroxy-5-methyl-6,7-
dihydro-5H-cyclopenta[d]pyrimidin—4-yl)piperazine-l—barboxylate (1.59 g, 100.0% yield) as a
foam. HPLC after workup just product gave greater thab 98% area pure. LC/MS (APCI+) m/z
335 [M+H]+.

HO
[00127] Step 15: 4M HCl/dioxane (11.2 mL, 44.9 mmol) was added to a solution of tert-
.butyl 4-((5R,7R)-7-hydr0xy—5-methyl-6,7-dihydro,—5H-cyclopenta{d]pyrimidin—4—yl)piperazine-
1-carboxylate (0.600 g, 1.79 mmol) in dioxane (15 mL). The reaction mixture was stirred at

room temperature under nitrogen overnight (20 hours). The mixture was concentrated to
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1001281Step 16: Trimethylacetyl chloride (1.68 g, 13.9 nmol) was
added to a solution of 2-(4-chloro-3-fluorophenypacetic acid (2.50 g,
13 3 mmol) and TEA (d. 0.726; 2.00 inL, 14.3 nmol) in dry THF (100
m) at OC and stirred at roomtenperature. In a separate flask, nBulLi
(6.424 m., 14.58 mmol) was added to (R)-4-benzyl oxazolidin-2-one
(2.47 g, 13. %KW n dry THF (100 nl) at -78C. ThePFBE%ZPQ%B?‘PG%as
shirred for 20 mnutes at -78C, and then the

(R) - 4- benzyl oxazol i di n-2-one sol uti on s&s added dropwi se to the 0C
m xed anhydride solution. The reaction was allowed to stir overnight
at room t erdmuesstand driedTdnen lni@lamcmm linva sThgLeeutle el suspenidedniat ather, (sqOGitad] 3nd
and di | ut edgiid B Shihhles 2 71]9%01%}1; @Hﬁiohq%s&% Vi‘;?édﬂﬁﬁi?%{nﬂ&%ﬂuh

and the organics were was rine rie
concent r at S¥TOgen RIEFES,TH6RY. mthrﬁéher,élged widerpitreges a@@wﬁa@dﬁaﬁd furthey opy high

flash chrongtpgr aphet 0 ghve -4- JS'Iﬁetﬂ}z-4 (Pi erazm- -yl) 6, 7 d1h dro-SH-
(4-chl oro- 3- quoroBhe yl ) acet. OvaO|I -2-one 79

60. 5% yi el dycloperaldigyrmidanbe @tﬂem@a (0744% (7P S%Jﬂelé) m P°‘1’11¢)r TR
7.33-7.26 ((RPCRyd)z237. 18-7.12 (m 311), 7.07 (d, J= 8.2Hz, 1H),
4.73-4.65 (m 111), 4.33-4.18 (m 411) 3.27 (dd, Ji= 3. 5Hz, J2=
13.3Hz, 1H), 2.77 (dd, J1= 9.4Hz, J29 7112 111). NHBoc OH
1001291Step 17: (1r,4r)-4-Am nocycl on hyq:lrochl oride (6. 67 g, 44

mmol ) was suspended in DCM (100 Huni base (15 nm) was then
added, followed by the additi o cat & yt Acdi met hyl am nopyri di ne
(" DIVAP"). The reaction was stlr for 5 m nut es, and then Boc20

(10. i2 g, 47tom?ﬂol ) Mdm‘fzﬁlaﬁjtaadetypmmrﬂe (zﬁsﬂaeg t13© xﬁmd!}ﬁrﬁsadde-ﬁfwa solution
reacti on wa e o SULIr overnig al roo e
2-(4 Iﬂ é&ﬁBVP{lGﬁl&l)%ﬁm atcido(ﬁ ngg mmol) ang| ]IEA ] ?&é’ 2600 mﬁ

reacti on we
20091089453@me/mmmt 09 A dsireeiel ﬁbﬂlﬂa\t@dramﬁe snasepm A3, n-

nasheq v  PUBERTCo g A R RS S P O R B R e Y P piBD
brine and wwﬁmwm@eﬂsmw reaﬁnmwzesmh’ed fmg%emmﬁala-w@,@dsl}yeﬂ'@ed
I nto hexangg {. B&gﬁéfﬂ%olﬂin A O%dﬁ%)d) E@PQ jé I ttﬁé ot IR deshdsed

mat erial was o as so
hydr oxycyclselMasgy | H’&ﬁ@ﬁfﬁm‘éﬂs(@mledgo Swiﬁlyugét #f)roony F&IHPNMRIG( 41hg redepion was

CDC13) 4. 351uéﬂéﬁed5w1th13¢4tln (7160 [Sh) %n@ axh(téﬁ wﬂiﬁlthylSacééte ((WO 1§L) 1'1'913 la}er? Qere -
(apparent triplet,

1214), 1.4 sg_pa{%ed( ?ﬁd tég_ gﬁanlcwrs(y@shed w1th brme dned (MgSO4) and concenlrated to a
residue. The resulting residue was purified by flash chromatography to give (R)-4-benzyl-3-(2-

(4-chloro-3-flucrophenyl)acetyl)oxazolidin-2-one (2.79 g, 8.02 mmol, 60.5% yield). "H NMR
(400 MHz, CDCl3) 7.37 (t, J= 8.2Hz, 1H), 7.33-7.26 (m, 3H), 7.18-7.12 (m, 3H), 7.07 , J=
8.2Hz, 1H), 4.73-4.65 (m, 1H), 4.33-4.18 (m, 4H), 3.27 (&d, J1=3.5Hz, J2= 13.3Hz, ,1H), 2.77
(dd, 11=9.4Hz, J2=13.7Hz, 1H).

- NHBoc
‘ OH . )
[00129] Step 17: (Ir,41)-4-Aminocyclohexanol hydrochloride (6.67 g, 44 mmol) was

suspended in DCM (100 mL). Huning's base (15 mL) was then added, followed by the addition
of catalytic 4-dimethylaminopyridine (“DMAP™). The reaction was stirred for 5 minutes, and
then Boe,O (10.2 g, 47 mmol) was added portionwise over 10 minutes. The reaction was then

allowed to stir overnight at room temperature. The reaction was quenched by the addition of
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[00130] Step 18: NEt3 (d. 0.726; 4.95 //1L, 35.5 nmmol) was added at
roomtenperature to a solution of tert-butyl

(1r, 40- 4- hydr oxycycl ohexyl carbamate (5.1 g, 23.7 nmmol) in DCM (100
m.) and stirred as a suspension. The reaction stirred for 10 m nutes
foll owed by addition of tert-butyl di nethylsilyl

trifluoronet wanesgddsnate (6.52 nl, 26.1 nmol ), upon RUATTUSEP02/(30602
reacti on becanme a honpbgenous solution and was stirred for 2 hours.
The reaction was diluted with water (59 nL) and the | ayers were
separated. The organics were washed with IN HC1 (2 X 50 nL), dried
(MySH) andNaimeahilloed thesitt foat @dmfu&s aTleodrgalic 1djeewsakpachtadnand pher dghdoesl

by flash t t /h L Ve - |
(L. 40- - ( PRPCBCO DR MEBRAG o155 ERen SR Baters il Ao RV
mol , 83. 8%gBDe hroll) condehiiitdR. (Mae@esu&ﬂzg re@ﬂi(él\&)s sdsp@aﬁec( into IxangHrem@alaf a8y 50

(21m4) 1H)1 42 e)?ceés%%) aildHZ%terid gé‘hé gdsu%ilxy%lgﬁa?uéﬁ l%‘lj_%qgl a% s§1?d {eg-ibut(%l‘ %ll%ngz
9H), 0.04 hpiro@dyclohexylearbamate (5.1 g, 54% yield). 'H NMR (400 MHz, CDCI3) '4.35 (br s, 1H),

00131] Ste Y0 t t I 1t = -
Lutyl d} rretE%? %??f" ﬁ{/ %ij"?ﬁéﬁﬁc%r I;aptdmélﬂtrt)l 1 Oltozeg,sz’.HB lﬁrlrgzlf )4H|)r}4d9ry

THF (50 mL)- 3%!5 léHblléd 8¢m, ZZ®C. n- BulLi (1 27 mL, 3.19 mmol) was then
added. The reaction was sti rred for 009/ 089453PCT/ US2009/ 030602
40 20 mnutes with warm ng to -40C Th\g was fol |l oned by fast

dropwi se addition of chl oronet hyl rretc-hyl et her (d=1.060; 0.254 ni,
3.34 mol ). The cold bath was renoved;~and the reaction was stirred
wi th warm ng under nitrogen. The reon was quenched with water,
and extractive work-up and purificatijn by flash chronmat ography (5%
et hyl acet ate/ hexanes) provided tertihyt

(i o0 gt 0 o b i oot e o s
s, 111), 3itBbscdutidd of [&“t—bllﬂyl.ll,r 43 4313'd1(03ycyabﬁexylaar19!ﬁla(ed5 1 @-21’01151‘6417) nPCV,
(211}, §0BE g% syipd oot o foMloghilen g e I‘ﬁ’é%"z%’sﬂ%“g‘f’o
Tet r abut yl aﬁmmuwmnhéthmlvumﬂ@&oﬁdthmasult&m(ﬁrﬁﬁubl) Uels mpngblewpon gvhich the
reaction became a homogenous solution and was stirred for 2 hours. The reaction was diluted
with water (50 mL) and the layers were separated. The organics were washed with IN HCI (2
X 50 fnL), dried (MgSO,) and concentratedentrated to a solid. The solid was purified by flash
chromatography (5%  ethyl acetate/hexanes) to give tert-butyl  (Ir4r)-4-(tert-
butyldimethylsilyloxy)cyclohexylcarbamate (6.54 g, 19.8 mmol, 83.8% yield). 'H NMR (400
MHz, CDC) 4.34 (br s, 1H), 3.61-3.50 (m, 1H), 3.4 (br s, 1H), 1.97 (d, J= 12.9Hz, 2H), 1.82
(d, J= 13.7Hz, 2H), 1.44 (s, 9H), 1.43-1.30 (m, 2H), 1.21-1.05 (m, 2H), 0.87 (s, 5H), 0.04 (s,

6H).
¢
Q,SI\
/O--../ N ~ Boc
[00131) Step 19: A solution of tert-butyl (1r,4r)-4-(tert-

butyldimethylsilyloxy)cyclohexylcarbamate (1.00 g, 3.03 mmol) in dry THF (50 mL) was
cooled to -78°C. n-BuLi (1.27 mL, 3.19 mmol) was then added. The reaction was stirred for
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solution of tert-butyl

(1r,40-4-(tert-butyl di methyl silyl oxy)cycl ohexyl carbamate (1.97 g,
5.96 mmol ) in THF (50 nalL) and heated to 40C overni ght. The reaction
was diluted with water (100 nL) and ethyl acetate (100 ni). The

|l ayers were then separated, and the organics were drie Q{él\/‘%’a{ ) and
concent r at edWO3'%8M%P . The oi | was purified by flashPEHYBHIIBHRaphy
(25% et hyl acet ate/ hexanes) to give tert-butyl (1r, 40-4-

hydr oxycycl ohexygnet hoxynet hyl ) car bamatce (1.32 g, 5.09 nmmol, 85%
yield). NBoc [00133]Stet) 21: NaH (60%in oil; 0.563 g, 14.07 mmmol)
was added t20 mingted wiithowaradingt wr t40°GutThls was followed by fast dropwise addition of

1r, 40- 4-h L9 ¢ o
e B 5 o AP 5 3y
14. 07 mmol yheyseastiendeieschtitres wﬁewmmqmuslthr lﬂlfﬂloﬁtjl %P freftion V‘@ﬁﬂ“eﬁ@'ﬁé @Hh pates0C
over ni ght. Jﬁéﬁfa&%t&oﬁpuﬁ’\@fﬂ ﬁlﬁﬁ%&?gy Whsh thﬁ’ﬁltaﬁ%xgﬁh]j'qg%rgﬂ)yl ﬁd’éﬂ;teﬂiekéﬁ%ﬁd

with ethyl acetate (10 The | ayers were then separated
organi cs wFwidggd Feé‘cP“(MB@D))*(é‘ﬁﬁb%éﬁ@éthﬂ?l&loéﬂ)CYWYF@?@P’EW&WP@Qaﬂ'ﬁ%
was purifi Q@igfbry b 138 $dindt,Bu OB gr‘ﬁmm(::b@%;@s aylCL34.66 & 8/ NDXATERERIT (nf)

give ¢ e”12%%%&%@)@@%@525@%!% YSLSBeL LIBLD Y IRl DupearhanaLe,

Ph [00134] $Hg.432. 30'(mOIlH§ €.68 GOM®.04%s,68).nmol ) was added to a sol ution
cooled to -78C of

(R) -4-benzyl-3-(2-(4-chloro-3-fl uorophen pacetypoxazol i di n-2-one
(0.362 g, 1.04 mmol ) and

(1r, 4r)-4-met hoxycycl ohexyl (et hoxynet arbamate (0.55 g, 2.01
mml) in dry DCM (20 nlL). Diisopropylethyl amne ("D EA"; d 0.742;
0.199 niL, 1.15 mml) was added to t hPs~Cord stirring sol ution. The
reaction 154! ”ﬁ@tefg@ #ﬁudﬁh&}é}nﬂ%nﬁﬁl flubfbe (@@ﬁl xﬁLh%@zi\ﬁ@ﬁ astaﬁdsthQQ

and stirre for ours. The reactio Mnc ed ]91 gfreg
reacti on wadEn fttegbyl @r ﬁ@:l?/l(‘ﬁﬁﬁu%ﬂ@)‘ne&ﬁ&ﬂ yéqycle%ylﬁquamaﬁen@ 7 &y ard
wer e then seRay AtB (5HHEL)aE RO th AYES oveREhE X THeAGicE6h Wad diuteEMithAbater

dried onc an oil. The oi.l urlfled
by’ ol umm. HIRER A RIS GD ERLD o) e o Sl diea st i Sk 4ray PE°
give tert- tﬂt[é@/dMgSS);)-a'ﬁd concentrated to an oil. The oil was purified by flash chromatography (25% -
((R-4- benz - 2- OXOOX%%e?he'xQn'es’} 3- yl) 2 (4- chI Or o- 3- {enubql{y?phenyjt r4§)_4)xo_

propyl ((Ir, -4-
: hyd.roxycyclohexyl(methoxymethyl)carbamate (I 32g 5. 09 mmol, 85% yield).

o
—-NBoc
[00133] Step 21: NaH (60% in oil; 0.563 g, 14.07 mmol) was added to a solution of tert-

butyl (1r,41)-4-hydroxycyclohexyl(methoxymethyl)carbamate (3.65 g, 14.07 mmol) in THF (50
mL) and heated to 40°C. Methyl iodide (0.878 mlL, 14.07 mmol) was added to the warm
stirring solution and heated to 60°C ovemight.' The reaction was quenched-with water (100
mL) and diluted with ethyl acetate (100 mL). The layers were then separated. The organics
were dried (MgS0;) and concentrated. The resulting residue was purified by flash
" chromatography  (10%  ethyl acetate/ﬁexanes) to give tert-butyl (lr4r)-4-
methoxycyc]dhexyl(methoxymethyl)carbmnate (3.51 g, 12.8 mmol, 91% yield}.
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met hoxycycl ohexyl ) carbamate (0.610 g, 1.04 mol, 99.5%vyield). 111
NVMR (400 MHz, CDCl13) 7.38-7.28 (m 4H), 7.25-7.15 (m 311), 7.10 (d,
J= 8.6Hz, 1H), 4.65-4.56 (m 111), 4.15- 4.03 (m 2H), 3.60-3.36 (M
2H), 3.31 (s, 311), 3.15-2.95 (m 111), 2.12-1.97 (m 31), 1.69-1.57
(in, 2H), 1.47 (s, 911), 1.46-1.37 (m 3H), 1.37-1.07 (m 411). 0- O
[ 00135] St ep @B:2004R2¢2 (0.294 nl, 3.06 mml) was addededr@so8GH0L i ON
of LiOHH20 (0.0855 g, 2.04 mmol) in THF/ water (2:1, 83 nlL). The
solution was stirred at roomtenperatuy,e for 10 m nutes. The sol ution
was cooled to OC and treated with a solution often-butyl
(S)-34(R) -4-benzyl-2- oxooxazol i di n-3-yl)-2-d-4-chl oro-3-f| uor ophenyl) -
3- oxopropyl ((Ir,4S)-4-nmet hoxycycl ohexyl }edrbamate (0.600 g, 1.019
mmol) in THF (10 nL). The reaction was red at 0C for 2 hours and
then allowed to warmto roomtenperature/and WO
20091089453PCT1U520091030602 42 sti r P¥aN v§ani ght. The reaction was
0

cooled to OC and treated with 1 3A1G, n) and stirred for 10

m nutes. The reaction was then war tenperature and stirred
for 10 m nutes. The reacti on was cgncentr at and extracted with
ethyl acetate (2 X 20nL). The aqueous portifon was acidified wth HSO4
(s) to a pH of about 1 to about 2 and then éXtracted with DCM (2 X20

). The of@ami]cs WBfp2Z OTIUL,NELLT of 1 0B MmOl M -Bi0d sclotmenbledb eTh°C the
(9)-3- (1 or (RLR) B PV -o chormaera e P B B HR) mpo and
(4- chl or o- 3ufbhuenaldecyylohgxylipeainaytethy)cekbirfat3035 g, 201 ARG Dnmdly, DQMIAZ0
%’:Vﬁlld)l] ) 'édn%? Egsgo%oBﬁEth}%ﬁné ¢bies; 30222, 8108525114 ARG Ths Maéa 5 SO
- stirring solution. The reaction was stirred for 15 minutes at -78°C and then warmed to -16°C
and stirred for 3 hours. The reaction was quenched with NH,4Cl. The reaction was diluted with
DCM (50 mL) and water (50 mL). The layers were then separated. The aqueous layer was
extracted with DCM (25 mL), dried (MgSQ;) and concentrated to an oil. The oil was purified
by column chromatography (10% Et,O/hexanes to 30% EtO/hexanes) to give tert-butyl (8)-3-
({R)-4-benzyl-2-oxooxazolidin-3-yl)-2-(4-chloro-3-fluorophenyl)-3-oxopropyl((1r,45)-4-
methoxycyclohexyl)carbamate (0.610 g, 1.04 rﬁmol, 99.5% yield). 'H NMR (400 MHz,
CDCly) 7.38-7.28 {m, 4H), 7.25-7.15 (m, 3H), 7.10 (d, J= 8.6Hz, 1H), 4.65-4.56 (m, 1H), 4.15-
4.03 (m, 2H), 3.60-3.36 (m, 2H), 3.31 (s, 3H), 3.15-2.95 (m, 1H), 2.12-1.97 (m, 3H), 1.69-1.57
(m, 2H), 1.47 (s, 9H), 1.46-1.37 (m, 3H), 1.37-1.07 (m, 4H).

o—

Boc—N

Cl
OH
F o

[00135] Step 23: H,0; (0.294 mL, 3.06 mmol) was added to a solution of LiOH-H,0O
(0.0855 g, 2.04 mmol) in THF/water (2:1, 83 mL). The solution was stied at room
temperature for 10 minutes. The solution was cooled to 0°C and treated with a solution of tert-
butyl (S)-3-((R)-4-benzyl-2-oxooxazolidin-3-yl)-2-(4-chloro-3-fluorophenyl)-3-
oxopropyl((1r,4S)-4-methoxycyclohexyl)carbamate (0.600 g, 1.019 mmol) in THF (10 mL).

The reaction was stirred at 0°C for 2 hours and then allowed to warm to room temperature and
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Ca NH6 N

1001361St ep24: (5R, 7R) - 5- Met hy1- 4- ( pi perazi n-1-y1) -6, 7-di hydr o- 5H
cycl opent a[ d] pyri m di n-7-0ol di hydrochloride (0.236 g, 0.768 nunol),
0- (7-azabenzotriazol-1- y1)-N,N,M N -tetramet hyl uroni um

hexaf | uor ophosphate ("HATU'; 0.265 g, 0.698 mml) and col lidine
(0.369 nl, 2WPRORHEN3 were added to a sol ution of PCT/US2009/030602
(S)-3-(tertbutoxycarbonyl ((Ir,4S)-4-met hoxycycl ohexyl )am no)-2-(4-chl
or o- 3-fl uorophenyl ) propanoic acid (0.3@9 g, 0.698 mml) in DCM DMF
(15 nL, 2:1), and the reaction was stirred overnight at room

t enper at ur emm%evenﬁ@m IrhrnreamﬁSn ﬁmrcdelaed) ret ane edatviabigy 1M 20,30;)(1@umil) HEM

50 nmL e arated. The, or anlc Ia er
\(NI th vv?at er ??e&?ig@ry%t ST eE= rg%cherb‘ﬁasls %y‘@arm\?\d/a%s%rg ﬁemé’ rac gﬁum\ﬁﬁrh@d\/l
(25 nl), drmigdey N@S@d:)cuandras:@mmmwchm&xtr@tednmm dthyl &eentco(2l X 2asL). The
Fg; ifi ed, byaqﬁ&hyﬂaﬁl&%a%%h%g& %Rﬁ‘ﬁsé Oﬂﬁ Muttloco Wolif2 W%élp&ﬁﬁféted
2- (4- chl or o¥iB- PEMd? éﬁpﬂ@@ﬂ@l)ﬁem(gmsmem)nbmdmdpdﬂ@&)m@ pgntengratzd. ditigy d

5H- | g .
[ 49)- 4cyﬁef?§%§’xﬂ%"j‘£%§:*§h*e%d?§ ?b%%%"?%‘*gfa%&ﬂ““]“sbx B G ok

yi el d) .. LC/(frhlsrogsihompheny|)propangic aeid $0.812 g (h ggmol( mmdwlwse@é%
WO 2009/ 089458PGT+ 520000 3IRBOZ) A7 ~ 130 NBH]+St ep 25 4N HC1 in di oxane
(4 nL, 16 nmol) was added to a soI ution of tert- butyl (S)-2 -(4- -
chl oro-3 :

-fl uorophenyl)-3-(4-((5R, 7R) - 7- hydr oxy- 5®t hyI -6, 7-di hydr o- 5H

BocN
F

Cl

HO .
[00136] Step 24: (5R,?R)-S-Methyl—4-(piperazin—l—yl)-6,;i-dihydro-5H-
cyclopenta|d]pyrimidin-7-ol dihydrochloride {0.236 g, 0.768 mmol), O-(7-azabenzotriazol-1-
y1)-N,N,N'N'-tetramethyluronium hexaﬂuorophosﬁhate (“HATU”; 0.265 g, 0.698 mmol) and
collidine (0.369 mL, 279 mmol) were added - to a solution of (8)-3-(tert-
butoxycarbonyl(( 1r,4S)-4—methoxycyclohexyl)amino)—2—(4—ch10r0~3—ﬂuoropheﬁyl)propanoic
acid (0.300 g, 0.698 mmol) in DCM/DMF (15 mL, 2:1), and the reaction was stirred overnight
at room temperature. The reaction was partioned between water (20 mL) and DCM (50 mL),
and the layers were separated. The organic layer was washed with water (2 X 10 mL). The
aqueous lajer was back extracted with DCM (25 mL), dried (MgSO,4) and concentrated to an
oil. The oil was purified by column chromatography (5% MeOH/DCM) to give tert-butyl (S)-
2-(4-chloro-3-fluorophenyl)-3-(4-((5R,7R)}-7-hydroxy-5-methyl-6,7-dihydro-5SH-
cyclopenta[d]pyrimidin-4-yl)piperazin-1-yl)-3-oxopropyl{((1r,48)-4-
methoxycyclohexyl)carbamate (0.394 g, 0.610 mmol, 87.4% yield). LC/MS > 95% purity, r.t.
= 3.83 minutes, (APCI+) m/z = 646.
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cycl openta[ d] pyri m di n-4-yppi perazin- | -yl)-3-oxopropyl (( | r,4S)-4-
met hoxycycl ohexyl ) carbamate (0 370 g, 0.573 mmol) in DCM (10 nmL), and
the reaction was stirred at roomtenperature for 3 hours. The
reaction contents were added dropwi se to a vigorously stirred m xture
of Et 20/ hexanes (75 nL, 3:1) giving a solid as fine particles. The
particl es wewe 2fiofgsessed and dried to give PCT/US2009/030602
(S)-2-(4-chloro-3-fluorophenyl)-1-(44(5R 7R)-7-

hydr oxy- 5- et hyl - 6, 7- di hydr o- 511- cycloggnta[d]pyrlnldln 4-yl-) pi per azi
n- 1 -y1)-34(1 r,45)-4- nethoxycycl ohexyl am no) propan-1 -one

di hydrochl oride (0.325 g, 0.525 nmmol, 91. Z%byleld) LG M5 > 95%
purity, r.t. = 2.52 mnutes, (APCI+) mz = 546. [00138] The foregoing
description is considered as illustrative |y of the principles of
the invention. Further, since numerous mbditications and changes wl|
be readily apparent to those skilled in t e art, it is not desired to
limt the invention to the exact constru on and process shown as
descri bed above. Accordingly, all ~oodi fications and
equi val ents may be considered to fal n t he scope of the
invention as defined by the clainmsit Ei;L [00139] The words
"conprise," "conprising," "include," "in |ng and "incl udes" when
used in this specification and in the Eolqomnng clainms are intended

to specify the presence of stated feat STNIi ntegers, conponents, or
steps, but they do not preclude the pr or addition of one or
nore ot her features, integers, conpongpts steps, or. groups. 44 \Wat

is clained is: 1.A conpound of Formula I: . HON 2.
(S)-2-(4-c H98d3g- 3  Step 25: 4N HCI in dioxane (4 mL, 16 mmol) was added to a solution of tert-

-fluor Ophemyti_lzl) 1- (sész(:{ &RarZB)ﬂquoBNe@lym )(4-&51@1&}3‘;’ hyd@ox{- s-meth3y1 -6,7- dlhydro -5H-
di hydr o- 5F+ 0 @ ta % &HJ di n-4 y perazin-| - , 48) - 4-
met hoxycycl° V‘F ﬂf‘i’% SYaRerazigriayl 3‘°x°Pr°P§((1W'SF3ﬁar maceut | caI
conposi ti ome&mmwaiemg)carbmﬁurp@md g@@mhﬁhmm mom@heamp, and G réhction was
4. A conpouy C alne n 2 for us %
nypet prof 1 Pt tert el 5 3 M e sEpalio Rt Wi FvRe & e
1 or 2 for vige®uilnstirred atiktmg ocEEnO&iexanes (75 mLH3:1)Usieingh selidcoifine particless The
clainmed in_ (13 + Bk %ll % c L g Hhe
4 9. 214. TR
therapeutlg ancf?gve r&% Fﬁktlc Fa 35 ?‘F moﬁfﬁﬁ%lw%ﬁfp ?i 3
di sease. hydroxy-5 -methyl-6 7- dlhydro-SH-cyclopenta[d]pynm1dm—4-yl)p1perazm— ~y1)-3-((1r,48)-4-
methoxycyclohexylamino)propan-1-one dihydrochloride (0.325 g, 0.525 mmol, 91.7% yield).
LC/MS > 95% purity, r.t. = 2.52 minutes, (APCI+) m/z = 546,
[00138] The foregoing description is considered as illustrative only of the principles of
the invention. Further, since numerous modifications and changes will be readily apparent to
those skilled in the art, it is not desired to limit the invention to the exact construction and
process shown as described above. Accordingly, all suitable modifications and equivalents
niay be considered to fall within the scope of the invention as defined by the claims that follow.
[60139] The words "comprise," "comprising," “include,” “including," and "includes"
when used in this specification and in the following claims are intended to specify the presence
of stated features, integers, components, or steps, but they do not preclude the presence or

addition of one or more other features, integers, components, steps, or groups.

SUBSTITUTE SHEET (RULE 26)



7.

Use of a conpound as clainmed in Clainms 1 or 2 in the manufacture
of a nmedi canent for the therapeutic and/or prophylactic treatnent of
cancer .

44
What is claimed is:

1. A compound of Formula I

N
cl

o
N
N
HO
I
(S)-2-(4-chloro-3-fluorophenyl)-1-(4-((5R,7R)-7-hydroxy-5-methyl-6,7-
dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-1-yl)-3-((1r,43)-4-

methoxycyclohexylamino)propan-1-one.
3.

2.

A pharmaceutical composition comprising a compound as claimed in
Claims 1 or 2.

4.

A compound as claimed in Claims 1 or 2 for use in treating a
hyperproliferative disease.

A compound as claimed in Claims 1 or 2 for use in treating cancer.

6.

Use of a compound as claimed in Claims 1 or 2 in the manufacture of a

medicament for the therapeutic and/or prophylactic treatment of a hyperproliferative
disease.

7.

Use of a compound as claimed in Claims 1 or 2 in the manufacture of a
medicament for the therapeutic and/or prophylactic treatment of cancer.



