1 AKT AND P70 S6 KI NASE | NHI Bl TORS BACKGROUND OF THE | NVENTI ON The
phosphoti dyl i nosi tol-3-ki nase (Pl 3K)/AKT/ manmal i an target of rapanycin 5
(MTOR) pavbwal/Bsesenpasses a nunber of signaling pointspamiuskowanesoesiti cal
in the control of cell growmh and survival. AKT, also known as protein

ki nase B, is a serinethreonine protein |cinase which has a key role in this
pat hway. Activation of AKT is nediated by P13 K Pl 3K generates

phosphol i pi ds which bind to AKT. Upon binding, AKT is recruited to the

pl asma nenbrane and is activated through phosphorylation. 10 AKT activation
and signaling pronotes cell survival, growh and proliferation. Increased
AKT activation has been inplicated in a wde variety of cancers. P70 S6

ki nase is a serine-threonine protein kinase which is a downstream effector
of the PI3IC/ AKT/ mTOR si gnal i ng pat hway. P70 S6 ki nase phosphoryl ates the
ri bosomal protein S6 in cells and regul ates ribosone bi ogenesis, cell

grom h and cell cycle progression in response to 15 mtogenic stinulation.
P70 S6 kinase is commonly activated in many solid tunors. A series of
substituted piperidine conpounds having AKT inhibitory activity are

di scl osed in WD 2008/ 075109. AHIASRFEHHIATRBEIBIIOBS dj scl osed for use in the
treatnent of di seases or conditions conprising or arising from abnor nal

cell growth or abnormal |y arr 8&IKEHOED GF THRRVENTIONNC| udi ng cancer. There
remai ns a need to provingehestotdginasialt3ikige: IKTAKRIGramitvh Wit OpBmyhi ch can be used
in the treatnment s0f mpoRDpatfa@én@badea igkhbe0rs@@mspoiBtidhih psriica@er . The present
invention provi des @iubiefci@bdmsg seNedl. AT Hsbindwe &s Srotei¥n@d B2k £ @de- COMpounds of t he
present invention agEnikipbEn RALGRE hasAET role A s RinkHr Seviibaadrlose known in the
art.  Addi tionglihey piREIR gdnacBonddBiblas WRn Rf @k e Qb nat i ve p70 S6

ki nase inhibitors Vm&ﬁsl‘l]ecrgi@cno &%las%n% er.nJ!mdtiJlgivateJ Lﬁ&&l%gﬁowg&n.pr oliferative

di sorders such a§0 C%%%\'/’aﬁo a-l-ml;I s?gnaprrggrosmeo est cellzsu“;_?viivgve\gtg | cp ppolifprgti(o)nvingeeas%d al ternative p70
S6 Kinase inhi bi tor g, Ll oL el LOROUNAS, Gl LNCyPLESENt, Thvention are more
potent p70 S6 kinase. inhiBitors than Lnose KAown 1n.the art.
Preferred conpounds™8t™ A& PBreLsht ) HEAYFEH"SF 2™ "HPBIT'SFs of both AKT and
p70 S6 ki nase. Mor e EPErY LA b SURER S PrEBretBic i *vent i on are nore
pot ent AKT i nhi bi t oF&"2t ASRmIRIREHIT AT Bty e greessiaritreserii '@ pot ent p70 S6

ki nase i nhi bitor& trasric3dukion R Spnge iggmrioplypstiysted in miy foljdtupers Certain
conpounds of the presenters sisubsprigd gppridnasperondsiveing AXFR@itacttvivet y t han AKT and/ or
p70 S6 ki nase i nhi bdistieeds WOreewTs1p9 Thes @migents are disosed for use in the reatmenBRI EF SUMMARY  OF
THE | NVENTI ON The pét@saRdr condiivie firii3 orfpisBafiofl @ maRaROGUINEsSw0adlyt he for nmul a:
5Fornmul a | wherein: anéﬂctﬁcellﬁ%ﬂl,@cludin%. I@drcﬂfinsHiced%pﬂo\Sdcﬁ¢mchm d:; R and R2 are
i ndep_endent | Yy H, 2¢Cl in}ﬂbit(ggvhiallce’ﬁyelusetﬂﬁ the%mgﬂferatggdis&ers and R 1_0t _Oget her with
the nitrogen atom tf. WGl JoVidetMiEnafd A GREE. POLIN BupRW& el 1 di ne ring

opt1 onal | y substit ul;regeqin%ttoﬂre%rg{ogr%xmg%\jstha@thosikho%nigfhpaQ.SI tion or hydr oxy at

t he 3- pOSi t I on, or anA%%c%glliy QJierenlse a ngeil tggow el%pe%gtljvetp%tsglgnas\é\én}}’ibno Wiqr OXy at t he

3 pOSi ti on; R3 s Hcanqblc; Se in;the , ent of roifratixggisolrg sucilast(:)rc RQ ?égent 1(2 toget her with
the nitrogen atom t8 whieh B S Rt CRea 1o m 1oa Biperidine ring; R7 and

| e are independefit | § P8P RSP PESHE RS FETRERE Y Th t he nitrogen at om
to which R is attatHedrErhmge Bt Ptk atie: gy those known in the art

Preferred compounds of the present invention are inhibitors of both AKT and p70

S6 kinase. More preferred compounds of the present invention are more potent AKT
inhibitors than known AKT inhibitors and more potent p70 S6 kinase inhibitors than
30  known p70 S6 kinase inhibitors.
Certain compounds of the present invention have lower hERG activity than AKT
and/or p70 S6 kinase inhibitors known in the art.



Wis CRAR5, Ne, C=0 or C=CH R9; R4 and R5 areindependently H, CH3, or
CH2CH3; R4 and R5 together with the 20carbon atomto which they are

at t ached wormoeas6366| opent ane ring; or one of R4 or R5 i ®Cihars2gm/oesvdo t he
other is H RO is 2-thiazolyl, 4-pyridyl, 2-methyl-4-thiazolyl,
2-imdazolyl, 5-thiazolyl, or 4- imdazolyl; and 3 R is Hor Cl-C3 al kyl;
or a pharmaceutically acceptable salt thereof. The present invention
provi des a pharmaceutical fornulation conprising a conpound of the present
invention, or a pharnmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier, diluent, or excipient. 5The present

i nvention provides a conpound of the present invention, or a
pharmaceutically acceptable salt thereof, for use in therapy. The
present invention provides a conpound of the present invention, or a
pharmaceutical |y acceptable salt therepf, for use in treatnent of
glioblastoma nultifornme. This invention further provides a nethod of
treating glioblastoma multiforne in a 10 nmanmal conprising adm nistering to
a manmal in need of such treatnment an effective anmount of a conpound of the
present invention, or a pharmaceutically acceptable salt thereof.
Additionally, this invention BBESYWMMRYOREHEIXENHION,G conpound of the present
i nvention, or a phar ma@eertsintaintioprrade epioeisloBhedaiule: t her eof , for the

manuf acture of a medi canent for the treatnmen{ of glioblastoma nultiforne.
Furthernore, this invention 15 provides a ceutical conposition for
use in therapy conprising a conpound of th resent invention, or a
pharmaceutically acceptable salt tﬁerfofh_ nd provi des a pharnaceuti cal

conposition for treating gliobl astgef inf orme conpri sing a conmpound of

the present invention, or a pharnmaceutk | y acceptable salt thereof.
20DETAI LED DESCRI PTI ON OF THE | NVENTI ON The general chem cal terns
used in the formul ae above have their us meani ngs. For exanple, the term
"Cl-C4 alkyl" refers to a straight or br ed, nonoval ent, saturated

al i phatic chain of one to four carbon ati @ﬁﬂ i ncludes, but is not
limted to, nmethyl, ethyl, propyl, isopropyl# butyl, isobutyl, and t-butyl.
Li kewi se, the tersim "Cl-C3 25al kyl " i rfehiedes net hyl, ethyl, and isopropyl.
Met hyl and ethyl are prekerred al kyl groups. Compounds of this
invention are bases, amdrageQidbagly react wth any of a nunber of organic
and inorganic acids toviemndgharmaceutically acceptable salts and the

present invention incl ydgs: fh8. nla) FRCeUkh Gl oRcReRiabl e salts of the
compounds of Forfgl a | o lhGhelifll RAFARGEHE bk, AGGERIAD! € sal t” as used
herein, refers to salts of, 30.1he, gompounds pf Formila, [ ,that are
substantial Iy non-toxi ¢ to TIving. rgg%lé. “TPUCh, $alt’s include the

. osition, or an azetiding ring subStituted with hydrgxy at the 3-position; .
phar maceutical |y accepf@bl & sdT?s PTGV ATEAMRE 8 Phar maceut i cal
Sci ence, 66, 2-19 (197%)"%WMlch are known to the skilled artisan. The free
base and the 4 hydrofHI'b¥Ra¥R tegeyTib-amoendr Sueet fard- 2
tristrifluoromet Fanesubfssifireinsaci d salts are preferred. The free base is
especial |y preferred. R andR* aBindependsftly i ¢1EH:00fPoR| trebther okh te tieepr esent i nvent i on
have one or nore chir akongevitcier’ s aached fomayyrreitinesite; i N a vari ety of
st ereoi soneri ¢ confi guwatoRBHSR", &8 r@=-GERISequence of these 5 chiral centers,
t he conpounds of the pres@heintidddedng i, O, oOCH; R'amk Rf vt @S, m Xt ures of
enantiomers and &S i NdiabbQikadh wRRB bri LR Sm 2 GSopddBk ing. 3Sncdirdst €r eomer s and
m xtures of di aster eOMgeiSenyfhd neShieil.r acemat es, enanti oners, and
di astereoners are wit hkﬂszg@golyg;‘?,m,ZQLthy;mu@ﬁ,g&gleyhls_mgﬁ thon. The specific
stereoi soners and enantj rs of compounds of Fornula can be prepared by
one of ordinary skill 1nthe art utilizing well known 10techni ques and
processes, such as those disclosed by J. Jacques, et al., "Enantioners,
Racemat es, and Resol utions", John WIley and Sons, Inc., 1981, and E. L.
Eliel and SSH WIlen," Stereochem stry of O ganic Conpounds”,
(Wl ey-Interscience 1994), and European Patent Application No. EP-A-838448,
publ i shed April 29, 1998. Exanples of resolutions include recrystallization
techni ques or chiral chromat ography. 15The skilled artisan will also
appreci ate that conpounds of Fornula | exist as tautoners, for exanple:



Al t hough tautomers are structurally distinct, the skilled artisan wll
appreciate that they exist in equilibriumand are easily and rapidly

i nt er conweotntweseisnder ordi nary conditions. 20 (See, MaPCh/US2eh9amvea

O Ranic Chem stry Third Edition, WIley Interscience, New York, New York
(1985), pages 66-70; and Allinger, Oganic Chem stry Second Edition, Wrth
Publ i shers, New York, New York, (1976), page 173). As such, the
representation of a conpound of Fornmula Tin a single tautoneric form
contenpl ates both tautoneric forns individually and m xtures thereof. 25The
conmpounds were disclosed herein were naned using the nam ng programwthin
Chem Draw U tra version v10 or ChemBio Viz Utra version vl1l. In an
alternative enbodi nent, there is provided a conmpound of the forrmula: 5
wherein: Xis F, d, CF3, CN, Hor CHF2; Yis F, Hor C; 5R and R2 are

i ndependently H Cl1 - C4 alkyl or CH2ZGH20H, or R and R2 together with the
nitrogen atomto which they are attached forma pyrrolidine ring optionally
substituted with hydroxymethyl at the 2-position or hydroxy at the 3-
position, or an azetidipe ring substituted with hydroxy at the 3-position;
R3 is Hor OH 10R6 isRHHgFRevamtpmreyieernate sfivent t he nitrogen atomto
which R2 is attached f &tcprsatipinfpapevidds prbarparepiigel formiptigerrRB 2ar e i ndependently H
or CH3; or |le and Riompowdpthdpeyent injettipp, o fpharmpsetticatygetatdetsal rertoandehi ch Rl i s
attached form a pyrthohaeglicatiencceptaiigrandsr, dilgentpr apfeitdi Nne ring; Wis CRAR5, NR, C=0
or C=CH R9; 15R4 sand R%heats@iinG@p@nde ndohppunddf thdptelnt in@iionGH2CH3; R4 and R5
together with the canheicasaepatiQaiatof Br telayrapar € att ached form a
cyclopentane ring; or oRgesafinvbbnR8vidRocohBund@BiZien @RG{PL Other is H R is
2-t hi azol yl 4- pyr i Maceut%‘ll%tpgﬁu salAherLohl‘oalZeQJtrYatment 3‘ glk%t%‘@lfn%lle: 5-thi azol yl or

4- im dazol y I, and %Q H entll)ﬁurtur rpo(ndegmetgﬁ of%!:aw LhoblaQJma ﬁultﬁm hyace uticall y

acce pt able s al t th elrldlll% mprising r,dmlmstenn QO a man?mqpn nged (I;F[s?,url] tréatm nt ai efQ(l:tl\?eS ent invention
conpri ses conpounds, 0 F I n anot her

com ound of the presen mvcnglon ora harrsnaccut'lcall acceptable .
enbodi ment, the re Tent. . nv dmﬁ t Qs ApaUn e oF Formula | wherein
X is CI CF3 or ereof Agdlttonala/utlrls 1nvenuo%rov edllejlse ofa comp dr)f Hle lge entt her enbodi men t, t he
present inventi on C‘B"ﬁﬁ 1) R TREH lgdﬁea‘éb"’éaf‘“‘ﬁafrfﬁﬁ‘l“éanﬂfa“%ﬁéar ein Wis CR4R3, NRI O
5l n anot her errbodl n‘?ﬁfame“tf‘ﬁ@e“ﬁi‘"é’géfﬁ?b'?‘m?é‘l‘i?f?”ﬁfn Foghsrpit s BE " ®opounds  of

For mul a | provides a pharmaceutical composition for use in therapy comprising a compound of the

present invention, or a pharmaceutically acceptable salt thereof, and provides a
pharmaceutical composition for treating glioblastoma multiforme comprising a compound

of the present invention, or a pharmaceutically acceptable salt thereof.

20 DETAILED DESCRIPTION OF THE INVENTION
The general chemical terms used in the formulae above have their usual meanings.
For example, the term “C;-C, alkyl” refers to a straight or branched, monovalent,
saturated aliphatic chain of one to four carbon atoms and includes, but is not limited to,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, and t-butyl. Likewise, the term “C;-C;
25  alkyl” includes methyl, ethyl, and isopropyl. Methyl and ethyl are preferred alkyl groups.
Compounds of this invention are bases, and accordingly react with any of a
number of organic and inorganic acids to form pharmaceutically acceptable salts and the
present invention includes the pharmaceutically acceptable salts of the compounds of
Formula I. The term "pharmaceutically acceptable salt" as used herein, refers to salts of
30  the compounds of Formula I that are substantially non-toxic to living organisms. Such
salts include the pharmaceutically acceptable salts listed in Journal of Pharmaceutical
Science, 66, 2-19 (1977), which are known to the skilled artisan. The free base and the



wherein Wis CR4R5. In particular, R4 and R5 are independently H or CH3; or
R4 is Hand R5 is CH2CH3; or R4 and R5 together with the carbon atomto

whi ch t heyoanw/@bicached form a cycl opentane ring. More paritsecuomasiog) R4 and
R5 are independently Hor CH3; or R4 and R5 together with the carbon atom
to which they are attached forma cycl opentane 10 ring. Mrre particularly,
R4 and R5 are independently H or CH3. Even nore particularly, R4 and RS are
both H. I n anot her enbodi nent, the present invention conprises
conmpounds of Formula | wherein Wis NRI9. In particular, R19 is nethyl or
et hyl . I n anot her enbodi nent, the present invention conprises
conpounds of Fornmula | 15wherein Wis C=CH R9. In particular, R9 is
5-thiazolyl. In another enbodi nent, the present invention conprises
conmpounds of Formula | wherein |le and R2 are independently H C - C4 al kyl
or CH2CH2OH, or Rl and R2 together with the nitrogen atomto which they are
attached forma pyrrolidine ring optionally substituted wi th hydroxyrnethyl
at the 2-position or hydroxy at the 3-position. 20 In particular, R and R2
are independently Hor CH3; or R and R2 together with the nltrogen atomto
whi ch they are att a@HSHPfeorRcaPYFE P B PRt HEr ti cul arly, Rl and
R2 are both CH3. preferred | The figepese enecialyplsBett- nent , t he present invention

conpri ses conpounds of S e sbrepouhds yifeestipveRioGhaie gne demorBialyenim ot her  enbodi ment ,
t he present i nventiodmgonpnises’ sconpeitnaizuropns. Poromsharcdoftdserein R6 is H.

I n anot her enbodi nedia) centell @re P@BERALhe frRdt@REnicdRLCOMPRiSagrednpounds of Fornul a
| wherein 127 i s H; enfatiomdAAiuds ifdlvidubl @@ bs weM of ddsedrebiies B hikl@gen atom to which R
is attached form a gukdodts MisREackokal@GnantoflrsRai dhdeftdterdewitfRnc bespe H. - 301 N yet

anot her enbodi nent, «thl}R«RLEIENThe LHREERLM R CONREmSESofRROUNds of Fornul a |
wherein R8 is H 7Fonnulalcaanangd %ngt}ﬁxmygcmqgmakg’welik&%n pr esent invention

COI'TpI’I Ses COWpOUlﬂ]dch%lquesagg oce'i:se hamoselggcllopedeJJ ques, et%ng 10n|neS CI CF3 or F. In
particular, Y is F m% E?% ygre particularly, Y

is F; Xis d, CF3 Ra: 1’—“ hés°lun°¢l?éf’%‘sw'l°ymd§°"h§° éfgﬁm%' 9redl ndependent |y H or
CH3, or R4 and RS to‘ge’ét FEFIREH o O Rompysty W= dkPEH they are 5 attached
form a cycl opent ane®™PrRg"Epriatny & -AFEF Pty 19 FemResofx s O, CF3 or

F; Wis CR4R5; R4 affffipsindfcaccyptaiserrerarst ¢ rttereers, or R4 and R5

t oget herwi t h t helcar bohhe gllesaisngvill gl apprcigtelighgompprnss offformalelifestks f or m a cycl opent ane
ring; and R and R2agmes fregegsendently H, Cl - C4 al kyl or CH2CH2OH, or R
and R2 together with the nitrogem atomto which~~key are attached forma
pyrrolidine ring optionally sd‘t;_oé‘rut ed_with 15>\_k1ﬁ‘%dfoxynet hyl at the
2-position or hydroxy at the 3-/position. further enbodi nent, the
present invention conprises @olpelinds of Fornul®ay ¥ wherein Yis F, Xis d,
CF3 or F; and Wis Ne. In parti lar, Yis F, X|}s A, CF3 or F; Wi's Me;
and R and R2 are i enden 20H, or R and R2
toget her with the nllﬂ tautomers esxlctlfrallydls inct, ﬂﬁ%ﬁmﬁsa&a’wr;lleappreltemat%;d form a
pyrrolidine ring 15?5‘ﬁf“|°?3‘ﬂ?f‘“f”§*da§ﬁfﬂl§f“f"L“‘Lﬂyé‘ﬁmwﬂf‘lﬂ" JAPERYHETrEYl at the
2-position or hydr oR§ Math 4dppacedOreanisLhempty, Third Edition, Wiley fqerigiengq ey her - enbodi ment, t he
present invention c¥HPr @S Boprprptintied AfnerSreapedhemisy. fipedEdifion, ¥ is F; X is O,
CF3 or F; and Wi s QoTppliEdes Ngwryory Hewt Yo (P%) page YV73)} 4s sfech, thogepjessnta@®n . CF3 or F; Wi s
C=CH R9; and RO i s &adpilpoagdfoptulaliddsingy aganetcifoonrbreemplaes boytajtomere; X is C, CF3 or
F; Wis C=CH R9; ROforinsindbidiallyiael mighrysdrereoind R and R2 are i ndependently H, Cl -
C4 al kyl or 20 Ch2CH2fBEomm@unds Rire dadmebd iRin b@gRdkdves tiabill ploftan witlid r 0ogen atomt o
whi ch they are att agheslwfulk Msion v dhéd BiolizDRa vekid@11Opt i onal |y substituted with
hydroxynet hyl at the 2nR08SkdhdvQ@Rbo@hend Wd Ll R¥MeaBlombollBor Be RS L1 0N, In a
yet further enbodi ment conpounds of the invention include those of the
formula: 8 Formula Il



wherein: Xis F, d, or CF3, 5RI and R2 are independently H C - C4 alkyl

or CH2CH2OH, or RI and R2 together with the nitrogen atomto which they are
at t ached worzmoaspsesr ol i di ne ring optionally substitut edpPairtus26o9asinzy met hyl
at the 2-position or hydroxy at the 3- position; R3is Hor OH 10R6 is H,
or R6 and R2 together with the nitrogen atomto which R2 is attached form a
pi peridine ring; R7 and R8 are independently H or CH3; or R7 andRl together
with the nitrogen atomto which Rl is attached forma pyrrolidine ring, W
is CR4AR5, N12.10, or C=CH R9; 15R4 and R5 areindependently Hor CH3; or R4
and R5 togetherwith the carbon atomto which they are attached forma
cyclopentane ring; RO is 5-thiazolyl; and Rl is Hor Cl1-C3 alkyl; or a
pharmaceutically acceptable salt thereof. I n one enbodi nent, the
present invention conprises conpounds of Formula Il 20 wherein X is CF3,

| n anot her enbodi nent, the present invgntion conprises conpounds of Formnula
Il wherein Wis CR4AR5 and R4 and R5 are independently Hor CH3. In
particular, R4 and R5 are both H 9 I n anot her enbodi nent, the
present invention conprises conpounds of Fornmula Il wherein Wis NRL and R
is nmethyl or ethyl. | n anot her enbodi/rent, the present invention
conpri ses conpounds of Fornmula Il wherei x and R2 are independently H or
CH3; or RI and R2 together with the nitrogen 5 atomto which they are
attached forma pyrrolidine ring. \lL§j p icular, Rl and R2 are both CHS.

| n anot her enbodi nent, the presentr 3l on conprises conpounds of Formul a
Il wherein R3is H In anat h enbodi nent, the present invention
conpri ses conpounds of Forrmula Il 10 ergin R6 is H I n anot her

R7 is H or R7 andRl together with theyarntmogen atomto which Rl is
attached forma pyrrolidine ring. In pé& ar, R7 is H I n
anot her enbodi nent, the present invention fonprises conpounds of Fornula I
15wherein R8 is H wheein  The fol | owi ng conpounds of the present invention,
or pharmaceutical |y ac&eptCaphENdalE: t hereof , are preferred: 4-
{444- (4-Fluoro-3-trifl yeFdmet:hyl - phenyl) - 1- (2- met hyl am no-et hyl ) -1H i m dazo
| -2-y1}- piperidin- 1-ykandRSyeidghindayigti, r-0)alkyl o ICRL20B ordk] 38 i M di n- 6- one; 20
4-{441- (2- Ami no- et hyl ) tofbtdr dithibk Ait@geDatod tolwhithfiyd k@A toft by-piieiye ) - 1H- i m dazol - 2-
Api peridin-1 -yl} -5, 7ofdinailyiddna i bykiodybing at B Lhbsithybr ydddxeht 3 6- one;
4-1444- (4- Fl uor 0- 3- t i fdsikéR brafmdidhy dny RGN I nybilooy Rbz 3-position;
-met hyl - pi peri di n- 3-y 1}~ 2 #d. dazol - 2-y1} - pi peridin- 1-yl}
- 5’ 7- _d' hydr 0- pyr IIOO ! O[ 2R§s_l-plr Qﬁyagle%gmepﬁt}@ﬁqu&.n atﬂiﬁ ti é/lh_ch R? Iis attached form L.
- (2- D met hyl am no-et hyl ).- 4- 4£fluoro-3-tr|%luoronethy - phenyl)-1H i m dazol
-2- 25yl | - pi peri din-1 - yAF= B bE df et hyla 5, 2= dishydro, pyrr ol o
[2, 3- dl pyrl m dl n- 6- one: a‘remle'pen ently T 3,or' 'an ' toge -ervs.nt' t .mtrogen
4-{444- (3, 4-Di f| uor o- pH&H “f)dllelsgfl“"&??‘?Ql"i’“&reﬁ’lg|°’-“39‘?ef‘%‘t°H‘g%ﬂ ) - 1H i ni dazol 2-y11-p
i peridin-1-y1}-5, 7-di hy BpVTr=P8F2?§QQ!p ritnidin-6-one;

15 R* and R® are independently H, CH;, or CH,CHj; R* and R’ together with the

carbon atom to which they are attached form a cyclopentane ring; or one of R* or

enbodi ment, the present invention conprifses conmpounds of Fornula Il wherein
;42

R is benzyl and the other is H;
R’ is 2-thiazolyl, 4-pyridyl, 2-methyl-4-thiazolyl, 2-imidazolyl, 5-thiazolyl, or 4-
imidazolyl; and
20 R" is H or C,-C; alkyl; or a pharmaceutically acceptable salt thereof,
In one embodiment, the present invention comprises compounds of Formula I

wherein Y is F.



4-{444-(3-Chl oro-4-fluoro-phenyl)-1-(2-pyrrolidin-1-yl-ethyl)-1Him dazol -2
-yl I piperidin-1 -y1} -5,7-di hydro-pyrrol o[ 2, 3-d] pyri m di n-6-one; 30

4-{441- ( W02 d3936am no- et hyl ) - 4- (4-f 1l uoro- 3-tri fl uor omeCguS2g@amn3p2) -

Him dazol -2- yl]-piperidin-1 -yl}-5H pyrrol o[ 2,3-d] pyri m din-6(7H)-one;

10 7-Et hyl - 6-
{444-(4-fluoro-3-trifluoronethyl-phenyl)-1-(2-(pyrrolidin-I-ypethyl)-1H md
azol -2-yll-piperidin- 1 -yl1) -7H purin-8(9H)-one;

6- 1444- ( 3- Chl or 0- 4-f | uor opheny1l) - 1- ( 2- di net hyl ar ni no-et hyl ) - 1Hi m dazol - 2-y
| I pi peridin-1-y1}-7-ethyl-7H purin-8(9H)-one;

56-{444-(3,4-D fl uorophenyl)-1-(2-(pyrrolidin-I-ypethyl)-1H i m dazol -2-y11-
pi peridin- 1- yl1l}-7-ethyl-7H purin-8(9H)-one;

6- { 444- (3- Chl or 0- 4-f | uoropheny1) - 1- ( 2- di net hyl am no-et hyl )-1H i m dazol - 2-y1
1- piperidin-1-yl}-7-isopropyl-7H purigu-8(91-1)-one,

6-{411-(2-D nmet hyl am no-et hyl )-4-(4-fluoro-3-trifluoronethyl-phenyl)-1Him
dazol -2- 10yl]-piperidin- 1 -yl) -7-ethyl-7H purin-8(9H)-one; 6-

{444- (3, 4-Di fl uoro-phenyl)-1-(2-di met hyl am no-ethyl)-1Hi m dazol - 2-y11- pi pe
ridin-1- yl} -7-et hyl _ 7}!19110% W{H}fna@, WF&ieﬁl_mgqnalﬁ@:pnses compounds of Formula I

4-{414- (3, 4- Di f | uor BephenyyLh:orF. o prighaPe &y | ani no- et hyl ) - 1Hi i dazol - 2-yl i - pi
peridin-1- yl}-5-et hyl| InBnoffer ehbddineht. theppsprt ineitien[cgnpiBes chinppyrds offfomdple]- 6- one;

154-{414- (3, 4- Di f | ugeaphetR/RENRTor CZHA. met hyl ami no- et hyl ) - 1H-i r ni dazol - 2- A- pi
peridin- |- yl}-5 met hisleobdbnpidinenQihdpfeidyt Bre@idnpitipistibothpoindd(Foid)lz=ione; 4-

{444- ( 3- Chl or o0- 4- T | weatoPpR ey Omn partiduiZs; 1 inE rbiyidey@idiniy OroadHl) WiR)isHld | M dazol - 2-y1] -
piperidin- 1 -yl} -g5isbudiLisat By Lrogis: PHinE Qba be Sonidl Ry &dafisei N- 6( 7H) - one; and
4-{444- ( 3- Chl or 0- 4- {LUQLQRAE Y Whsebadedim RVl ROk bnflheRrnty ¥ BiELNY! ) - 1H-i mi dazol -2
}%éléoﬁgghggr i din-1 RAXll&STO§EhQEithWJaﬂ)(§ la_ttrrgy thctﬂLeQLe%na%Ede&&’cHo&hQé n- 6( 7H) - one.
4-{441- (2- di et hyl apt) ﬁ‘é’;:j’”jﬁ‘g?y)“ A A Or S T T o oet iyl phenyl) - 1H-i ni d
azol -2-y11 piperidin- inyi -5, Zﬁ-di hydr 0-p rrol ol 2, 3-%1}F-‘F‘Mrli m di n- 6-one, or
a pharmaceutical |y accEpPARIR gl P PR peEte ~pe sopedictrm  breferred. In a
preferred embodi ment™™t HENT o RBBHHER 42 T8 P 0 2- di et hy| ami no- et hyl ) - 4- ( 4-

25f | uor o- 3-t ri f | uor onefAPhe FHERS FPEER PYFiiepaFBises Pmppprds of Formula I

pi peri din-1-yl1l- 5 7wl dFGERpY partielak 5S-G}l pyri mi di n- 6-one, or a

phar maceuti cal | y accepinaiyhaeembegingnt, thdpesyerst ipfentionj camprises yompogridd of Fagaula 1

4-{441- ( 2- di net hy| avheior' @t Kyt hdepndéndhHf ¢, U@ plioto8CH:HAH e g REL hy| - pheny1) - 1Hi ni d
azol -2-yl] piperi di eeter witl henfrpgdrahic f Yo ey py il oxfn 2pydoti@de gy r i M di n- 6- one

hem hydr ate. Cr yst aJinoiJa[baubstimted with hydroxymethyl at the 2-position or hydroxy at the 3-position.

4-{441- (2- di met hyd ambaRgnek By ke fiefetbenl HIDEHQ ok bd 1 fodetidki@met hy| - pheny1) - 1H-

30i m dazol - 2-yl ] pi pefh bR whicn¥dyhre Rrackea iR Y bi @ 0L Rcdardrd] PYri m di n- 6- one
hem hydrate is charggtgrds&d by an X-ray powder diffraction pattern

Corrpri si ng at |east On%algttlergmh}cgimznptlhelpgéynQ\gntigl%ghkpl%és coleoﬂ'nﬁs og'F%r'm 41 21. 1’ 19.8 or
10.5 ( 0.10 20). Prgferably, characterized by an " 11 X-ray powder
diffraction pattern corrprlh'si ng. Eez}%ks at 7.4, 14.9, 21”1, 1119' 8 and 10.5 (
0.10 2 0) O yst aﬁ i ne .Hl_a:r.lot er embodiment, the present invention comprises compounds of Formula

{441- (2-di met hyl at n¥8 %fHRyl ) - 4- (4-f1 uoro-3-trifl uor onet hyl phenyl) - 1Hi mi da
zol - 2-yl] piperidin-| - jpajofer emBodimentihperqyt Eremoncompse poprogdseffpmi3ly | i di n- 6- one

hem hydrate may al sY<HeR’ &Harfaed & picsait Bynicsm QapRh&pEdriclm conpri si ng at

| east one 5of the folkowlidyrircspriglcst 179. 8, 156.9, 151.9, 137.5 or 33.8
ppm Preferably, 3cchar adtyemetizedbofiyentgin prSSNiviRtios pegiter ampodd Fpr i Si Ng r esonances
at 179.8, 156.9, 15hmBpivicahrRSstand 33.8 ppm I n anot her enbodi nent,

t he conpound 4-{441-(2-di net hyl am no-et hyl)-4-(4-
fluoro-3-trifluoromnethyl-phenyl)-1Hi m dazol -2-yl] piperidin-1-y1}

-5, 7-di hydro- 10pyrrol o[ 2,3-cl]-pyrimdin-6-one, or a pharnaceutically
acceptable salt thereof, is 4- {441-



(2-di met hyl am no-ethyl)-4-(4-fluoro-3-trifluoronethyl-phenyl)-1Him dazol -2

-yl] piperidin-1-y1} -5,7- dihydro-pyrrolo [2,3-d]-pyrimdin-6-one

tristriflwonromskwaesul fonic acid. 4- PCT/US2009/063020

(441- (2-Di et hyl am no-et hyl )-4-(4-fluoro-3-trifluoronethyl-phenyl)-1H m daz
-2-yl] piperidin- 1 -yll -5,7-di hydro-pyrrol o[ 2, 3-d] - pyri m di n-6-one

15tristrifluoronethanesul fonic acid is characterised by an X-ray powder

diffraction pattern conprising at |east one of the follow ng peaks; 22.6,

21.7, 21.5, 21.1, 20.4, 20.2, 18.6, 18.5, 15.5, 15.0 and 13.2 ( 0.120).

Preferably, characterized by an X-ray powder diffraction pattern conprising

peaks at 22.6, 21.7, 21.5, 21.1, 20.4, 20.2, 18.6, 18.5, 15.5, 15.0 and

13.2 ( 0.1020). 4- {4-[1-(2-D methyl am no-ethyl)-4-(4-fl uoro-3-

20t ri fl uor onet hyl - phenyl ) - 1H-i m dazol -2-yl] piperidin-I-y1} -5,7-di

hydro-pyrrolo [2,3-d]- pyrimdin-6-ones;tristrifluoronethanesul fonic acid

may al so be characterised by an SSNMR spectrum conprising at | east one of

the foll owi ng resonances; 176.9, 155.4, 150.0, 148.0, 94.6, 57.7, 36.4,

32.0 and 27.4 ppm Preferably, characterized by an SSNVR spectrum

conpri sing resonances &g Miygniglimentgproent inyayn qymprispypguepynds GRomglal 57 7 - 36, 4, 25

32.0 and 27.4 ppm vhereinYisHapd Xgfhthert prsertai iehl s Ct Fer Euafsund

4-{441-( 2-di net hyl aqiﬁ‘lﬁddoepq:fyqla)m Yjis {; %is CL, CF; or F; Wis CR'R’ and R* and R’ are

fl uoro-3-trifl uor onetkdeyinypiredily br R aldH: theerhedartz i cart@s apn jo wiitheraiedi n- | -yl }

-5, 7-di hydr opyr r o ofuidhedter® 1 fyelqpytric fifls. Biciimdp@yly, Ok FX isgher amesut i cal |y

accept able salt t hedflﬁ&fk‘,‘andBmAndep{nM&ﬂorC&er‘andRstogetherwith the carbon

(2- di net hyl am no- etth)ﬁlto)wmém(eﬁretdamrograsyut)p@.jmﬁelﬁhg%m&M - phenyl) - 1Hi m dazol - 2

-yl'] 30pi peridin-  LiygMbduay 16, 7c, aidi NGHHBHAY K bl kR Qogdt@mitrale dikszRY T | M di n- 6- one

rmnOhydr ate. 4- { 44;['04120 which they are attached formapynolldme ring optlonally substltuted with

di met hyl am no- ethV|Q¢°y mﬂmhgpwgmmmtrl ronet hyl - p enyl) 1H i m dazol - 2-yl

(8} at c 0SILION.

] pl perl dinl - yll-5, ?’ 1%&1%&@@ régtttc rdIscnt’mvcntlon mp[r)l}éscompOU{le{} o uEPe m)nohydrate s

characterised by an one of the
followi ng r esonance‘éhm’ivgi‘ N I:IS%’O”F a“d‘%l[ﬁgr% hémd“aéfgé%'sa &aﬁr ef erably,
characterized by an"S3RVEESpBEEE IifEBidh (sFaAl ¥ S50hEhEBe A 164.9, 150.7,
138.3 and 61.6 ppm “Fh dhhireeniar rid teABHEehRRe UHEFE | s provi ded a
conpound sel ect et f rigpply sSsitue wigkylydrogymettiytan the 2positiqn for pysipoy-atdhe f-popifor- | uor onet hyl )
pheny 1) - 14( S) - p| per idi pa Ql:thyqeqmtimy,hh} prépdatinvention comprises compounds of Formula I

i m dazol - 2- y11- pi pevhereh Yis i X iy €1l GFoor FandiW R gefHE?. it §[s2,X3=atiFHyr i m di n- 6- one
tris hydrochl ori de; orBW is C=CH-R®; and R’ is 5-thiazolyl. More particularly, Y is F; X is CL, CF; or F;

{444- (3- D f | uor omet Wy t=chi-rf; RuGHapReAYRL Ind B-2BidPemdaymied, by kigioper i di n- 2-yl ) met hyl
) - 1Hi mi dazol - 2- 'y 0] - @H.qe0H, &' Am k> 3dnkr witbine @it 33 dionbto vhickkhPydfia@epyr r ol 0 [ 2, 3-d]
pyrim di n- 6- one, angnnl%&meﬁng optionally substituted with hydroxymethy] at the 2-position or

{444-(3- Elfluoronet@g&yﬁm&pgg&ophenyl) 141- nethylplperldln 2-ypmet hyl ) - 1H

I m daZO| 2- yl] pl perl dl[na eltfurMerembodlmgtco po! dZ!E‘hQHv@n'np mgl(dgtmeog The Corrpounds Of
the present inventipon : aré inhibltors of A p/0 S6 ilnase and are
therefore useful in“Fhe treatnent of netabollc di seases and di sorders such
as obesity, diabetes, nmetabolic syndronme, insulin resistance,
hyper gl ycem a, 15 hyperam noaci dem a, and hyperlipi dem a. The conpounds of
the present invention are also useful in the treatnent of cancer,
particularly glioblastoma nultifornme, adenocarci nomas of the col on,
non-smal | -cell lung cancer, small-cell lung cancer, cisplatin-resistant
smal | -cell lung cancer, ovarian cancer, |eukem a, pancreatic cancer,
prostate cancer, mammary carcinoma, renal cell carcinmom, nultiple nyel ong,
Kaposi's 20 Sarcoma (Sodhi et al., Cancer Cell, 10: 133-143 (2006)),
Hodgkin's | ynphoma (Dutton et al., J. Pathol., 205: 498-506 (2005)),

| ynphangi ol ei onyomat osi s (Goncharova etal., J. Biol. Chem, 277:34,

30958- 30967 (2002)), Non-Hodgkin's |ynphoma, sarcoma and neuroendocri ne
tunors, in particular neuroendocrine tunors of the pancreas or snal
intestine (Wng et al., 2009 Gastrointestinal Cancers Synposium Abstract
no. 174), in 25 mammuals. Inhibitors of AKT and p70 S6 ki nase are al so
useful inhibitors of angiogenesis in mamuals. It is preferred that the
mammal to be treated is a human. The conpounds of the present

i nvention, or pharnaceutically acceptable salts thereof, can be used in a
met hod of treating cancer, in particular, the cancers described above, in a
manmal conprising adm nistering to a manmmal in need of such treatnent an



30 effective anobunt of a conpound of the present invention, or a

phar maceutical ly acceptable salt thereof. The conpounds of the present

i nvent i orwoaniopisedsaaceut i cal |y acceptabl e salts thereof pCrars2iwe/ossed f or
the treatnent of cancer, in particular, the cancers 13 described above.
Furt hernore, the conpounds of the present invention, or pharmaceutically
acceptabl e salts thereof, can be used in the manufacture of a nedi canent
for the treatnment of cancer, in particular, the cancers described above.
There is also provided a pharmaceutical conposition for treating cancer, in
particular, the 5 cancers described above, conprising a conpound of the
present invention, or a pharnmaceutically acceptable salt thereof. The
conpounds of the present invention, or pharmaceutically acceptable salts

t hereof, can be used in a nethod of inhibiting angi ogenesis in a nmammal
conprising admnistering to a manmal i§ need of such treatnment an effective
anmount of a conpound 10 of the present invention, or a pharnmaceutically
acceptabl e salt thereof. The conmpounds of the present invention, or
pharmaceutically acceptable salts thereof, can be used in the inhibition of
angi ogenesis. Furthernore, the conpounds of~the present invention, or
pharmaceutically acceptable salts thereg;ki;gﬁXbe used in the manufacture
of a nmedi cament for the inhibition=®=f angiogenesis. There is al so provided
a pharnmaceutical 15 conposition fo;f[%ﬁﬁ ting angi ogenesis conprising a
compound of the present invention, or aigaﬁrnaceutically acceptabl e salt

t her eof . The conpounds of the pre i nvention may be used in

combi nation with other therapeutic agentd apd in particular, niTOR
(manmel i an target of rapamycin) inhibitdrsl EGFR (epidermal growth factor
receptor) inhibitors, gentitabine (GErnzdrgﬁ cisplatin, 20 tasisulam
(sodiun1N-[(5-bronDth|ophen 2-yl) sul fr@myshi] - 2, 4- di chl or obenzam de),
penetrexed (Alint aOdneeidOocet axel (Taxoteree), doxorubicin (Doxi18) or
irinotecan (CanptoO; Caupipsafre). Preferred nlOR inhibitors include

rapanycin (al so knpown ﬁsdnd%ia!}eﬁ’n'd %ﬁl}n%”€4aﬁ§i§r'c99h'8§ortnha%@0f such as
everolinmus (42-0-(2- hyg%eger enwm%wg% Mcégmm yn_ldlln EP 1 413 581),
%/subs% J;I

t | 42-(3-hyd
emsi rolinus ( ( Y Caiona Lﬁk%m gdieﬁmvwﬁég %Sn and deforolinus

propanoat e) - r apamyci n; *1or
(42- (dlnethylphosphlnﬁF% %fany0|n di scl osed in WO 03/64383) Preferred
EGFR i nhi bitors includ® %€¥8tinib, cetuximab (Erbitux(r); disclosed in EP O
359 282), panituMumab Rkt %W&ﬁ@#m”ﬂ?@@F@@éﬁm?ﬁ@%ﬁ“@m%ﬂngSZ) and
gefinitib (lIressa; disebtrydadingn EP 0 566 226). 30l n one enbodi nent, the
present invention provRAEK’ g indpaduict o €h v Rmak wegtha vddgrpoend of t he present

i nvention, or a phar maeeuseisd' |syacadtepbablieraal t thereof, and a therapeutic
agent sel ected from t heseriri, st'edc-abeve as a conbi ned preparation for 14

si mul t aneous, separ at e RQfd RS ChikBdRdedn P or IS &r R* khd B BRMa Pih.me B afdd €SENt | Nvention
further provides a CONPQHRGQE bR oR:8a§BkeRveNtion, or a pharmaceutically
acceptabl e salt thereokssfupt,tia@ I n sinultaneous, separate and sequentia

combi nation with a thegapgytic ﬂ@€§ﬂ£m§g&§&gg m&&gﬂb&pose i sted above in

t he t r eat rrent Of gl I Obknaonseten%nc‘har‘nent pr&sentl Ventloﬂ comprlses com ounads 091“0me1 S Of t he COl On
non-smal | - cel | lHﬁ Sance f el ung cancer, cisplatin-resistant

smal | -cell |ung Cancer ovérlan cancer, |eukem a, pancreatic cancer,
prostate cancer, mamm °t%?%@Wghﬁwm?%ﬁﬁTmf@?m“83???ﬁﬁ@ﬁ"hultlple nyelona
Kaposi' s Sarcoma, HIEEKY isCER Py gt i mdepismniian Gior Brigirb ek osi s,

Non- Hodgki n' s Iynphﬁﬁﬁ”br sarconma. The present invention furt her provi des a
nmet hod of treating a cancer selected 10 fromthe group consisting of
glioblastoma nultifornme, adenocarci nomas of the colon, non-small-cell |ung
cancer, small-cell lung cancer, cisplatin-resistant small-cell |ung cancer,
ovari an cancer, |eukem a, pancreatic cancer, prostate cancer, manmary
carcinoma, renal cell carcinmoma, nultiple nyeloma, Kaposi's Sarcong,
Hodgki n' s | ynphoma, | ynphangi ol ei omyonat osi s, Non- Hodgki n's | ynphona and
sarcoma 15 conprising admnistering to a patient in need thereof a conpound
of the present invention, or a pharmaceutically acceptable salt thereof,
and a therapeutic agent selected fromthose |isted above in anmounts that in
conbi nation are effective. I n anot her enbodi nent, the present

i nvention provides a pharnmaceutical conposition conprising a conpound of
the present invention together with a 20pharmaceutically acceptable carrier
and optionally other therapeutic agents. In particular,




a therapeutic agent selected fromthose |isted above. Oral adm nistration
of the conpounds of the present invention is preferred. I|Intravenous

adm ni st raDi20r/056568he conpounds of the present inventi omCiraisadocieef erred.
Dependi ng on the circunstances, other routes of adm nistration nmay be used
or even 25 preferred. For exanple, transdermal adm nistration may be very
desirable for patients who are forgetful or petul ant about taking oral
medi ci ne. Conpounds of the present invention may al so be adm ni stered by

t he percutaneous, intramuscular, intranasal or intrarectal route in
particul ar circunstances. The route of adm nistration may be varied in any
way, limted by the physical properties of the drugs, the conveni ence of
the patient 30 and the caregiver, and other relevant circunstances

(Rem ngton's Pharmaceutical Sciences |gth Edition, Mack Publi shing Co.
(1990)). 15 The conpounds of Forgula | can be prepared by one of
ordinary skill in the art follow ng art recognized techni ques and
procedures. Mre specifically, conpounds of Formula I can be prepared as
set forth in the schenes, preparations, and exanples set forth below It

wi || be recognized by 8&@“6?*@??4?”WﬁmFﬁ%“ﬁ?@mﬁﬁﬁF“PﬁQ%?ﬂﬂlV|dual steps in
the 5 fol | owi ng scheesY iR’ @ artivetty'o provi de t he conmpounds of Fornul a
| . The reagents and st arhngpbodptnethy pafer ingtien cqmprized podmpeundaetfioinglddl e t 0 one of
ordinary skill in tvheeisR tndR*Af hdegnddpdytHiot (ig iR Sind Rjidetieswgth i niveeni Se speci fi ed,
are as previously dsmiorwgich.they3€ Br@die@ fotn a hfdrolidife@iig Thi baiticlar, R'/And81a 8dh t Ut ed | m dazol e
pi peridine of fornutw (1), a substituted ketone of formula (2), and a base
such as triethyl am ne (alify embddinkn® @dPreid WieRbaRddpRA LRSI} BN O 1, 8-

di azabi cycl o[ 5. 4. O] Yadagxé-ene (DBU) in a solvent, such as propanol,

I sopr Opyl al cohol 15 (anmwren’NM_mgll Ha)tegl}”mferggn sggom M)F’mmmpﬁ: han0|

N- et hyl - pyrroI|Qpnqm&thL.or |nethyl su fOXIde DNBC» are heated at an
el evat ed t enper at ure other ¢ml 0 Cl‘lt 8 1% ent n entloncom l‘lSCS un%s ol”Forlea Fa | eaVI ng
group, e.g., chlorine. ﬂf j" elhp th‘h rea tC g & carried out by
first conmbining potZEE UM br? (6 mﬂ em%@ﬂﬁ?ﬁmwf
dllsopropylphenyl)|WFGQ?8F“2“QWFH@ﬁ€{%%etylacetonate al | adi um chl ori de
[1PrPd(acac) Cl 20(. 1. &ryhe cheme ‘Q‘U’U’Bm‘“"7‘1‘(“1@7’”“53’8?8"’%‘”%2‘1’)'1“ and purging wth
ni trogen. Then addi vgeehihidr ous 1, 2- di met hoxyet hane (DME) and conpounds (1)
and (2) and heating toT@®®mm“mmm(ﬁ#pwwm@§mwfmﬁemwwwwyl wherein one of le
or 175 is benzyl ang@ctubesaetdreftacpsferedydr ogen may be prepared by reacting
conpound (1) w th a4 BoREmH e ridbrode®yl-pieblyIAl-(¢-@hy lb-eky)-1 BimB4dpsil t uted with a
benzyl i dene group agdidhhans sisEseagaantdyrindadael Ng the 25 benzyl i dene group
to a benzyl group @&0-@-Amino-cthyl] B@-ib 3wt GloRkhP-pkiBY-1H-RRLLSANt the desired final
am ne fragnent mﬁthﬂgugsgggﬂﬁga;@m@§3gg%hﬁgdmpreV|ously (Pa), a precursor
to P, or a protectegd,R.q 1&@9mal;memﬁl,thylplt(mrmeﬁ,yggfet,amtgt;r)ﬁm s are defined

pr evi ousl| y I'f the lglrdagt1§ plpen n- gy}gqglhydropynold[23 dﬁyﬂ’r’n@l pcgnxy enzyl gr Oup’

depr otection to pr 04}/ ﬂ?Z u(ng‘jrlarm -cth l?g(4gl.8rogmﬂllgror¥eth§-lehen ?n'l[elml afo!l 9]’ to or after

reaction 5 with o I ng group nmay be
1] plpendm I=yl1}=5,5- dlmethyl S,7-dihydro pytrolo [2,3-d]p:

renoved by react Fon
4-{4-[4-(3,4-Difluoro-phenyl)-1-(2-pyrrolidin-1-yl-ethyl)- 1 H-imidazol-

2-yl}-piperidin-1-yl}-5,7-dihydro-pyrrolo[2,3-d|pyrimidin-6-one;
4-{4-[4-(3-Chloro-4-fluoro-phenyl)-1-(2-pyrrolidin-1-yl-ethyl)-1H-imidazol-2-y1]-
piperidin-1-yl1}-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one;

30  4-{4-[1-(2-Dimethylamino-ethyl)-4-(4-fluoro-3-trifluoromethyl-phenyl)- 1 H-imidazol-2-
yl]-piperidin-1-yl}-SH-pyrrolo[2,3-d]pyrimidin-6{7H)-one;

R! 68 at hed

m1d1 -6-one;



Wi th concentrated HC1. Alternatively, it may be renoved in the presence of
l'ithium al um niumhydride in tetrahydrofuran (THF) to provide a nethyl
subst i t utwo 2amvasesesubst i tuent as defined in P. Note: inPCaS2omesee of
4-(4- (4-(4-fluoro-3-trifluoronethyl-phenyl)-142-

10(i sopropyl - et hyl -am no) - et hy1] - 1H-i m dazol - 2-y1} - pi peri di n-1-y1) - 7H pyrr
ol o[ 2,3- d] pyrimdine-5, 6-di one hydrochl ori de, oxidation of the 5 position
nmet hyl ene to the ketone can be observed under the reaction conditions.
Substituted im dazol e piperidine conpounds of fornula (1) are prepared as
illustrated in Schene 2, where PGis a nitrogen protecting group, and all
ot her 15substituents are as previously described. Scheme 2 PG N"

The conpound of fornula (A) can be prepared fromthe correspondi ng

2- bronophenyl et hanone conpound. In the synthesis of conpounds of Formula I
in which R6 and 5R2 form a piperidineying, the protected piperidine ring
IS present as an am ne substituent in conpound (A) prior to reaction to
form compound (B). The amine substituted conpound is synthesized by

reacti on of 3-am no-piperidine-I -carboxylic acid with a conmpound of
formula (E) in the b‘g‘)*é‘sﬁéﬁ%éﬂﬁff°3&‘ﬂlf?2§@‘y‘§kft‘:yﬁ‘é%éPY’PBE\' oprd-18ol vent such as DWF.
Later in the synthe®ldselP-HrrgdintdcHpyrygddP-atp on the piperidin-3-y1 nmay be
renoved 10 and r epl @d¢Ed>-iofotrhgropmniDiyi-dinstgtiparing-cthylelffimidazol-2-yll- - \Where R3 = H an
am ne of fornula (Ajreids-l-peadtedrwin-¥%)-@: ni t rogen protected piperidine
carboxylic acid in ¢hAe-Presenes)-00-(arbpupbdgH-agenty-ske1-as, i sobutyl

chl orof ormat e, 1- et nylmdhBmuhispioky| am nopropyl | - car bodi i m de hydrochl ori de
(EDC), 1- propanephogphodiios-4-aGloflenyiGl-dinGydRnydy- ienidaBA)- or thionyl chloride
and an base such asp,pl,ﬁmj\lylpﬁgoﬂ? RpRhehiae (NWM, DI PEA or TEA, in a solvent

SUCh as THF dl Chl Og 4(4Qtroropl:nHJolEme@l}lplIe@l?Hﬁlﬁlﬁ’azo‘ﬁnper atures to
form am de of foqorruyluz% e(nﬁ.%u} egyl gnee pi peridine of formula (C is

formed when a conpo lf .o ) mn e cetate or ammoni um
chloride, and a basw) Q 72 dﬂ‘}é&q RS th vessellmyfi‘ ped’xgosed to microwave
heat under pressuréel’’ ﬁ\ny O disioTe O é‘tee of corrpou nd (C where the phenyl is
unsubstituted can bE“HiE éﬂ“‘é‘ﬂ’h"ﬂ’ﬁ}) BT 2 M OR B 2V b acet al dehyde wi th
4-fornyl - pi peri di ne®'rttar Hakyprreladrgnddrts butyl ester in |iquid amonia
over ni ght. 5The &onpGifribi-RiffuordekseyprifZgimgtehymitosthyd) thigipidaggRyllrigerdiet-t 0 pr ovi de a
conmpound of for nul avi{’BkthwitereloRBdyemidnsiHogren. Mre specifically, the
conpound of for nul ad-@G)3-Ghgrogéypmdindr d1-dagthyhimbdethg)- Bagdzol2slich as, KOH or sodi um
hydride in a sol vengipestich;-asinbhBO;pydfoolk. b-Opakindyattthd | on of P, with a

| eavi ng group such aghathegemeasly)ie-@Eaditit-Gubsy-1H-i6ilkoriine. Most of the

al kyl ating agent o agi@ida-0N1Rhehi1-od-lyYoloR ¥ Abskidl-&mPde. Synt hesi zed by 10 net hods
known in the art. For exagRl@siNeamnlidhaldyNeagehintadRnfie prepared from
the corresponding aghg,gmllm,aagalzfyhgpeme?@mydgpyr&mpwyl.mmowI de in aqueous
hydr OChl Orl c aCI d Or ;rh)arrgéeglcagya c§ptal§lesaltlalergomsg%clalllypreggeﬁlzene The am ne Of

the allcylating agent mm Lurther omgmn >d by a bepzyl group. The
benzyl group nay_be sugaé 11'! t% ac c§i LI[HE‘F m’?%‘ thylge(%zyl prot ecting

group by 15 react] ﬂ°r°3‘f'ff’f°?)m§ﬂr’|"z “EHF""‘%’T‘“F' ‘°"d'"1f’1f157d'hﬁan be carried out in
one or two steps. THECHPR Y’ﬁ’tdi“ éd@‘r’ft“a°?’?§)'ya°§l"1bléi"'ﬁ§te?f«fel contain a
nitrile group whi ch™fgling v o =T ek (1 %°‘°m1‘1‘¥ép“"r“@s'é1 ting amine may

t hen be protected b'y“daad?:d]rptmﬁ‘*lyl e igippro-pypdplpd-dl-pyrimidin-6-onppemivydigppound of f or nul a
(C© may be reacted Swstline U{122-dimetyriapat-dthohkd-fuet-f-aifvgrefredt2 e/ Han  or

(2- br onoet hoxy) - soer imiddaal-y pipalilinet} Hy-dihydp-byag@. 3idpydn@inier heatmipound of fornul a 20
(D) in which P, i Sis@araerfel gt adipehid® difpytoagane conbrsinga)iadt dydf hegr OUp Or a
2-(tert-butyl -di met fkisdpbaary 109 ), 1 €dobiyh (+ G I-08) PreferibR SPREGEAMRIY. These groups
are converted to a 2-hydroxy-ethyl substituent and then to a

2- met hanesul f onoxy- et hyl substituent. The nethansul fonyl oxy (nmesyl) | eaving
group can then be replaced by the desired am ne. Where the desired
P, group is pyrrolidin-2-ylnethyl, the carboxy benzyl protected 25
pyrrolidin-2-yl nethyl is added to the conpound of forrmula (C) by reaction
with 2- (tol uene-4-sul fonyl oxynmet hyl)-pyrrolidene-I-carboxylic acid benzyl
ester. Alternately, a 4-brono-nnidazole of fornmula (H) undergoes
coupling with a phenyl boronate conpound (I) in the presence of palladium
(0) catalyst to formthe conpound of Fornula (D) where R3 is hydrogen. A
conmpound of Forrmula (H) rmay be 30prepared from

4- (1H i m dazol - 2-y1) - pi peri di ne- 1-carboxylic acid ten t butyl ester. First
t he




P, is added, then the conpound is reacted with N-bronosuccinimde to form
a 4,5- disubstituted conpound and finally this is converted to the 4-brono
substi t utwo 20@s56apound (H) by reaction with n-butyl | PCHiusao000BIRe ) at
reduced tenperatures. P, may be converted to the desired Pc group by the
met hods set out above. The conpound of fornula (D) where R3is a
hydr oxy group is synthesized as shown in the m ddl e sequence of Schene 2.
First, an im dazole conpound of fornmula (F) 5 is formed by reaction of an
acyl bromde of formula (E) and formam de at el evated tenperature. The

i m dazol e conpound of fornmula (F) is then allcylated under simlar

al kyl ation conditions as descri bed above to provide a conpound of formula
(G. Imdazole conmpound (G is treated with a nmetal ati ng agent, such as
nBuLi, in a solvent such as THF, under reduced tenperatures and an inert
at nrosphere, followed by a ring 10 nitr@gen protected 4-piperdi none to give
the conmpound of formula (D). The pi peridine protection group of
formula (D) is then renoved to provide a conpound of formula (1). The
am ne of fornmula (A) and acyl brom de of fornmula (E) are either

commer ci al |y avai | afsfepowdgydiffiation pagamseningss ppddt "y 4 hBEHGTY Hown in the art. 15
Schene 3 20 0.1° 7ph Eryitatited (b @ digttelgnin iy ¢4 iepog-rifi@lometither e W = Ne, are
ei t her commer ci al | yphawarinadabie;y) gridan-g}-symidvesioz eth-fymiarddrods known to the
skilled artisan. FOkmiBXadAa) Mo be Errac@i¥dd BQn SNGR Picih korproipyndasdnddi Ne (J) 1S

al kyl ated with ars Rsmdraibisd@sohaites! 13, 18901SBNGE o2k 8 Bm Py base to give the

N-al | Cyl ated pyl’l m gurﬂglze(li)s)anSSI@ﬂ@pe%m&%sn%Qlo%cLsdﬁ@Silﬁ9qgr§p0und (K) 25 is
di spl aced by ammoni @7;;yd3p%| ng in a sealed vessel to give the pyrimdine

e (1 oLl ot e sy g o oy il
i nt er medi at es of for 023;??:‘1%?; 'hma:ug’cfﬂﬂam ":a;gs}a;d-:r%s g are synt hesi zed
by methods known'% opyi“\'*lé L LR TP = A &) O'PEA, ACN Hp, heat Z
= 4-nmet hoxy , 2, 4- df Y, ﬂ@”éf“ﬂ‘ﬂ‘é‘f‘i“e&gé"?@l) ”Nm‘daz"('ﬁy” W= CAWor C=-R9)

plpendm- -yl}-5, -dlhydz -pyxrolo[2 3-d]-pyrimidin-6-one tristrifluoromethanesulfonic
acid. 4- {4-[1-(2-Dimethylamino-ethyl)-4-(4-fluoro-3-trifluoromethyl-phenyl)-1H-
imidazol-2-yl] piperidin-1-y1}-5,7-dihydro-pyrrolo[ 2,3-d]-pyrimidin-6-one

15 tristrifluoromethanesulfonic acid is characterised by an X-ray powder diffraction pattern
comprising at least one of the following peaks; 22.6, 21.7, 21.5, 21.1, 20.4,20.2, 18.6,
18.5, 15.5, 15.0 and 13.2 (& 0.1°26). Preferably, characterized by an X-ray powder
diffraction pattern comprising peaks at 22.6, 21.7, 21.5, 21.1, 20.4, 20.2, 18.6, 18.5, 15.5,
15.0 and 13.2 (2 0.1°26). 4-{4-[1-(2-Dimethylamino-ethyl)-4-(4-fluoro-3-

20  wifluoromethyl-phenyl)-1H-imidazol-2-yl] piperidin-1-yl}-5,7-dihydro-pyrrolo[2,3-d]-
pyrimidin-6-one tristrifluoromethanesulfonic acid may also be characterised by an
SSNMR spectrum comprising at least one of the following resonances; 176.9, 155.4,
150.0, 148.0, 94.6, 57.7, 36.4, 32.0 and 27.4 ppm. Preferably, characterized by an
SSNMR spectrum comprising resonances at 176.9, 155.4, 150.0, 148.0, 94.6, 57.7, 36.4,

25 32.0and 274 ppm.

In another embodiment, the compound 4-{4-[ 1-(2-dimethylamino-ethyl)-4-(4-
fluoro-3-trifluoromethyl-phenyl)-1H-imidazol-2-yl] piperidin-1-y1}-5,7-dihydro-
pyrrolo[2,3-d]-pyrimidin-6-one, or a pharmaceutically acceptable salt thereof, is 4-{4-[1-
(2-dimethylamino-ethyl)-4-(4-fluoro-3-trifluoromethyl-phenyl)-1H-imidazol-2-yl]

30  piperidin-1-yl}-5,7-dihydro-pyrrolo[2,3-d]-pyrimidin-6-one monohydrate. 4-{4-[1-(2-
dimethylamino-ethyl)-4-(4-fluoro-3-trifluoromethyl-phenyl)- 1 H-imidazol-2-yl] piperidin-
1-y1}-5,7-dihydro-pyrrolo[2,3-d]-pyrimidin-6-one monohydrate is characterised by an



RA1R5 hal i de heat NN119- car boxal dehyde Met hyl
2-(4,6-dichloropyrimdin-5-yl)acetate may be prepared fromnmethyl 2- 5

(4, 6- di hywioarpgsieni di n-5-yl )acetate. The di hydroxy compomrus2e00963020t urn be
prepared by adding 1,1, 2-ethane tricarboxylic acid nethyl ester to a

sol ution of sodi um nethoxide in nethanol, followed by addition of

f or mam di ne hydrochl ori de. Met hyl
2-(4,6-dichloropyrimdin-5-yl)acetate is reacted with 4- nethoxybenzyl am ne
or 2,4-di met hoxybenzyl am ne in the presence of base, e.g., DI PEA 10and a
solvent, e.g., acetonitrile (ACN) to give the benzyl protected acetate (M.
Treatnent of conpound (M in aqueous acid and heat gives the benzyl
protected purinone (N). Compound (N) is deprotected in strong acid, e.g.,
trifluoroacetic acid (TFA) or 40% HBr aqueous and heat to give the known
internedi ate 4-chl oro-5, 7-di hydro-pyrnel o[ 2, 3- d] pyri m di n-6-one.

4- Chl oro-5, 7-di hydro-pyrrol o[ 2, 3-d] pyri m di n- 6-one may be 15 prepared from
5, 5-di br ono- 4- chl or o- 5, 7-di hydro-pyrrol of 2, 3-d] pyri m di n-6-one which is in
turn prepared from4-chloro-7H -pyrrol o[ 2, 3-dl pyri m di ne by reaction with
pyrl di ni um broni de %@]}d]bﬁpeotﬁlin&oélpnsmg at least one of efollowmg resonances; 164.9, 150.7,

4- Chl or 0- 5, 7- di hydr B35t opo [PRlerdly dhygpedised b o iSNYRereeunt cgoreing her al kyl ated with
an R4 1R5- hal i de anehodees@166f. 1586 8lembeélrrmi t h an R9- car boxal dehyde to give
conpound (2). The 20 conpbwrmid cotfoditegrimg |s prov(d@) condrerd @lecrd iR and RS t oget her
form a cycl opent anes-Byrgs-i-g-fifiodr3teitlorfre @A phenyl)-1-(S)-piperidin-2-ylmethyl)-1H-

4- chl or 0- 5, 7- di hydr ewy-s-yielpaifi2-3-scthipyb-byrdidh 3RpGmdiRenbys reaction with 1, 4-

di i odobutane. 21 pyaoendit; an al ternative method, the benzyl protected
compound (N) is usegdyids. mu@fs;@mm ﬂug@nm}auﬂ& (eehyidipRich NmGQHEL i Ng reactions of
Schene 1 foll owed b%,d;zg%nmp itstd g;yl gﬁ,;dyo py,;glg[gg 85ERAR-LAIQUP. The skill ed

artisan wll app ecél?bt ?[4t( i uorometgyl uoroplgl)enyl)tl RlemeénﬁplpenamEH)le; I-{ n the COITpOUﬂdS
50f Fornul a | WI It1ong errpl oyed to

| n_con
synt hesi ze the conpGun g ﬁ]tpllmgm y}%cgﬂylgﬂe"mgg [be introduced at a conveni ent
point in the synthesis e&"’"‘”@ eéresemm"f"“mf’ "°'58Mf(ﬁen" t8-“BFot ected as
necessary or desiret a“‘“f‘Ffé&“’s“fff“%/‘l'@Heaﬁ‘t‘“[‘if’é"&??“‘\ﬂsﬁasfs%F‘?He“dﬁbﬁs eciate that the
protecting groups n8YYHECreTBvEG S BRF EERGERTE™>poi nt in the synthesis
of the conpounds of eelminopsideiseapdhyppripidenipt Thegempopptseldgpisenfinymtiop ¢ r oduci ng and 10
renovi ng nitrogen pisotdtinibigpngr ofeppes raticgaringipblastdomptfrien t he art; see, for
exanpl e, G eene andadyifsirdnomal dPhadi@Qibntsipad-cGrugpsr, sopll-oMhgermeec Synt hesi s", 3rd
Ed., John W/ ey andisBainsssaiNeuu-ciomdcanck ot cdiker, BukénlaG@atic chntat; t her nore, t he
skilled arti san W | prost@ajpEce Gdmmbrecartifd @ renallacll BRR Ymatiuligd nyBdma RHRS, t he order in
whi ch noi eties ase $uddmh @6kklGRLCahcS CEIOD: 18N131 0@ HodgkihR OmdBdMh bl ar  or der  of
steps required to p,rlqcmﬂaemish@s&@zﬂ@wmﬁdﬁgl&kfommﬁombﬁchimvaesazdependent upon the
15 particul ar cormosmhetaehm @}@@&bﬁﬁb;%@lﬁo& 85 itk L OMPOUNd and the
r el at I ve l I abl l I ty rguroelgdocgne fumc II cHErge oendnc;n% mggso'f[%t gé&as% glallpr OdUCt S.
Preparation 1 2-Am nypet hanone,

mtestmf (V& 8al %&’ Gas%\ d’n &gtma{déncerslr%{mgosml& Apfﬁf}'ﬂ?gg ry

4- et hyl benzenesul fo A O o [o J=Y m azl de 1. 05 equival ents
(equiv)) in one port"8H {“”‘5” 1T EE PR gipe e 2iso useful nhibi

2- br ono- 1- (4- f | uor o™ 3™ty f‘FP'ﬁ"B?"B’ﬁé’f'Fﬁ‘ﬂ“j‘}SFférFi’ﬁ?‘f Y8t""anone (9.19 g; 1.00 equiv)
in THF (50 nil). Stir tHeemperogsetifeercset ovrasm rhenperheurec®™ ) overnight Filter
the solids and washthagpftcts beppdiin a pichefl of tiepting eapogrdeparticylpr e capegys dgse8d| ut i on of

tri phenyl phosphi ne #dve @&mamgp fopprisi adgupisteying tramyed! ippedd efbucharpasaydnf oni ¢ acid (2.2
equiv; 12.0 g) i Bp Tddetive &Qunrpfa)compeyaliefthe Ben(ivenBh.jora phaimaeupdeliy t ur € over ni ght .
Filter the solid, afeptabisanheiadIhe cwiptutis of irFprete® in@ibradr Prarbacdicgly Of the title
conpound. MS(ES): naptable siik dheredt, ol wbed bol] the treatment of cancer, in pdifc@p @ @ncdshe f ol | owi ng
internediates in a manner simlar to that described in 30preparation 1:

| Preparation | Conpound NamePhysical Chemi stry Data 22 2

s of angioge e51s



2- Am no- 1- (3-chl oro-4- fluorophenyl)ethanone 4- nethyl benzenesul fonate 'H
NVR (DMSO-d6, 300 MHz): 5: 8.25 (m 4H), 8.05 (ddd, Jr= 8.7, 4.7, 2.3 Hz,
1H), 7. 66W0t2010086839 Hz, 1H), 7.48- 7.46 (m 2H), 7.11 @dT/ub2008/0630Riz, 2H),
4.62 (s, 2H), 2.28 (s, 3H). 3 2-Am no-1-(3,4- difluorophenyl)ethanone 4-
met hyl benzenesul fonate 11-1 NVR (DMSO-d6, 300 MHz): 5: 8.25 (s, 3H), 8.11
(ddd, J= 11.0, 7.9, 2.3 Hz, 1H), 7.95-7.90 (m 1H), 7.70 (dt, .1= 10.4, 8.4
Hz, 1H), 7.47 (d, J= 8.0 Hz, 2H), 7.11 (d, J= 7.7 Hz, 2H), 4.60 (s, 2H),
2.28 (s, 3H). Preparation 4
2- Am no-1- (4-fluoro-3-(trifluoronethyfi phenyBet hanone, hydrochl oride 5To a
sol ution of 2-brono-1-(4-fluoro-3-(trifluoronethyl)phenyl)ethanone (60.00 g
1.00 equiv; 210.50 rnnoles (mmol)) in ethylacetate (EA) (450 nL; 4.60 nol es
(mol)), add 1,3,5,7-tenmazatricyclo-[3.3.1.13, 7] decane (Met henam ne, 1.10
equiv; 231.55 mmol; 32.46 g) and stir gt RT overni ght. Renove the sol vent
in vacuo and triturate the solid with nethyl-t-butylether (MIBE), filter
and dry in vacuo. Add ethanol (450 inL; 7.73 10 nol) followed by hydrogen
chloride (36.5 wt/w%in water) (150 InL; 8.30 equiv; 1.75 nol) and stir
t he ni xture over ni ghitieedpeyrgirterioiche &EPRAdyst BePren et *and dry the solid in
vacuo at 50C for 1 RusesReuticaly grppiprle spltpiereefj cnpeuscgipigyenrfidecB4. 23 g; 100% vyi el d) as
a white solid w th sdreentdrthemytmen pf cagerromtiqpn ts ghdrs derBidpiiR TG00 MHz, DVSO) :
8.69-8.59 (m 4H), 8asOofovBed Ophanfapeptical defypositidn @ Eratinghanced m pdyicr, bz, 2H) . Use t he
solid as is. 15 P eq&adi'sats&riaﬂlab&e, comprising a compound of the present invention, or a
4- (2- (4- Fl uor 0- 3- ( t phinhabeutiodnpueetbushiakeny 0- 2- oxoet hyl car banoyf i pi peri di ne-1-c
arboxylic acid ter!-butnytomRGdRl hegQdiOinvahich Q1 phinia@Rica®facceptable salts _
pi peridine-1, 4- di cag@X¥bd Ged BEhMod VRROTd: ShileelN b Y harBS Lkisfe 1. 20 equi v; 252. 61
i mol ; 57.92 g) n., isteﬁéggm%)linn%gsum%&léne@fg'liueéﬁt'ountqaajconﬁ%ndml , 69.66 rT'L)
Cool to -10 C w EOh oqmg I;e ent!m%l%’?macg?p&%&uti@aﬂ}aaépm&(!aqtthleréxgl?létc%l oun(ash)l‘ or of or mat e (1 1
equi v, 231.56 ol ;thcs ese i§vcnrtrll?1’)o7 (Hr Opc\% a@.’yeaccn?'bgetsgtlstpcirecr)}ganghseedint cnper ature bel ow -5

RO G S ol ’

C. After 30 23 mn m - 9 N
2- am no- 1- (4-f | uor o™= THFUSY c‘)“ﬁ*‘é’f“ﬁe;’/‘f’e)°9m|5‘fﬁ“‘e°"ﬁ‘iih“)pfesé‘f‘ Aanone hydrochl ori de
(54.23 g; 1.00 equi ¥P™PF ST DERf<BEnrda™ M ¥ °{*300 i nL) and stir the
m xture in the bat hmegmentor tre ighition ofgneiqgsesiin tert iprlspproTidepha BiymagFical Part i ti on bet ween
wat er and EA; wa$h erresitenfeyabititae Jpaipgepsp's copirrishe ateprevpd of dr@efensirerfiimat ed NaCl aqueous
(brine), dry over b5erandmpepticahecchgBCHttherfof | t er and concentrate in vacuo.
Suspend the crude i n Mitgkemgoppgs ofteipresenf igypnticd miy be ubefl i to@binatoln@th giel | d and dry in
vacuo to give the thdabesic @ORPO RbiculaBaATOR dnagyjaliad Grged@radi@ycin) bilibitds, NVR ( 300 MHz,
D'VSO) : 8.37-8.26 ( mEGFBH)dprmaY ng-faZtorﬁgpt(r)rﬂllibi&rkﬂ}emci&inﬁ(a}cn@@), cispim, 5. 5 Hz, 2H) , 3.91
(d, .1= 12.9 Hz, 202H)sisulad(sddam R-[E{Ihiopiehd)-ysufondhO4-dichBrbketRmiadH) , 1. 69-1. 60 (m
2H), 1.39 (S, 12H) . pedBered (AlimudTQRAS Buxbit®), SRbubiGMbRS) & RiRLEdI at es in a manner
simlar to that desglibs bbb RRA: AR Mim: nklahalAtkahwiRmound Name

sirolimus) and analogues thereof such as everolimus (42-0-(2-hydroxy)ethyl-rapamycin;

disclosed in EP 1 413 581), temsirolimus (42-(3-hydroxy-2-(hydroxymethyl)-2-methyl

25  propanoate)-rapamycin; Torisel®; disclosed in WO 95/28406) and deforolimus (42-

(dimethylphosphinate)rapamycin; disclosed in WO 03/64383). Preferred EGFR inhibitors

include erlotinib, cetuximab (Erbitux®; disclosed in EP O 359 282), panitumumab

(Vectibix®; disclosed in EP 0 359 282) and gefinitib (Iressa®; disclosed in EP 0 566

226).

30 In one embodiment, the present invention provides a product containing a

compound of the present invention, or a pharmaceutically acceptable salt thereof, and a

therapeutic agent selected from those listed above as a combined preparation for



M5 (ES): in/z (Mrll- tBu) 6
4-(2-(3-Chl oro-4-fluorophenyl) - 2-oxoet hyl car banoyl ) pi peridine-1
- car boxylwo 2anvideieert - butyl ester 343.1 7 PCT/US2009/063020
4-(2-(3,4-Di fluorophenyl) - 2- oxoet hyl car banoyl ) piperidine- 1 -carboxylic
acid tert-butyl ester 327.1 Preparation 8
15444- (4- Fl uoro-3-trifluoronethyl - phenyl)- 1H
-imdazol -2-yl | -pi peridine-1-carboxylic acid tert-butyl ester To a sol ution
of 4-(2-(4-fluoro-3-(trifluoromethyl)phenyl)-2-
oxoet hyl car banoyDpi peri dine-1 -carboxylic acid tert-butyl ester (29.4 g;
1.00 equiv; 24 67.99 mmol) in 1-butanol (150 ni; 1.64 nol), add ammoni um
acetate (15 equiv; 1.02 nol; 78.61 g) followed by TEA (1 equiv; 67.99 mol;
9.48 nL). Stir the mxture at 160 Cin a sealed tube. After 3 h, cool to RT
and partition between EA and water andgwash the organic |ayer with water
and brine. Concentrate in vacuo. Triturate the residue in 5 MIBE, filter
and dry in vacuo to give the title conpound (18.23 g; 44.10 mvol; 64.86 %
as a white solid. I'li NWR (300 MHz, DvVS0): 12.01 (s, 1H), 8.08-8.04 (m
2H), 7.70 (d, .1= 1oimpltapes scqeppe or sequenggusern gy e orepenimn fglt o, 1= 12.6 Hz, 2H),
2.92-2.85 (m 3H), Pvigeyacqmpgud of thpprosgy fpventiop, oppharpuacticallygeepibealt 1 41 (s, 9H).
Pr epar ati on Conpoun@srepﬂa'we 1Wu@8)vus seppfage anF $cAméntal] corfipination with a therapeutic
4-[ 4- ( 3- Chl or 0- 4- T | uarsdeygifrerpbe)istd #ove gt of Aiogladtpma multiforme,
5 adenocarcinomas of the colon, non-small-cell lung cancer, small-cell lung cancer,
cisplatin-resistant small-cell lung cancer, ovarian cancer, leukemia, pancreatic cancer,
prostate cancer, mammary carcinoma, renal cell carcimoma, multiple myeloma, Kaposi’s
Sarcoma, Hodgkin’s lymphoma, lymphangioleiomyomatosis, Non-Hodgkin’s lymphoma
or sarcoma. The present invention further provides a method of treating a cancer selected
10 from the group consisting of glioblastoma multiforme, adenocarcinomas of the colon,
non-small-cell lung cancer, small-cell lung cancer, cisplatin-resistant small-cell lung
cancer, ovarian cancer, leukemia, pancreatic cancer, prostate cancer, mammary
carcinoma, renal cell carcimoma, multiple myeloma, Kaposi’s Sarcoma, Hodgkin’s
lymphoma, lymphangioleiomyomatosis, Non-Hodgkin’s lymphoma and sarcoma
15  comprising administering to a patient in need thereof a compound of the present
invention, or a pharmaceutically acceptable salt thereof, and a therapeutic agent selected
from those listed above in amounts that in combination are effective.
In another embodiment, the present invention provides a pharmaceutical
composition comprising a compound of the present invention together with a
20  pharmaceutically acceptable carrier and optionally other therapeutic agents. In particular,
a therapeutic agent selected from those listed above.
Oral administration of the compounds of the present invention is preferred.
Intravenous administration of the compounds of the present invention is also preferred.
Depending on the circumstances, other routes of administration may be used or even
25  preferred. For example, transdermal administration may be very desirable for patients
who are forgetful or petulant about taking oral medicine. Compounds of the present
invention may also be administered by the percutaneous, intramuscular, intranasal or
intrarectal route in particular circumstances. The route of administration may be varied in
any way, limited by the physical properties of the drugs, the convenience of the patient
30  and the caregiver, and other relevant circumstances (Remington's Pharmaceutical
Sciences, 18th Edition, Mack Publishing Co. (1990)).



pi peridine-|-carboxylic acid tert-butyl ester 380.1 10
4-[4-(3,4-Difluoro-phenyl)-1Him dazol - 2-y1] - pi peri di ne- 1-carboxylic acid
tert - but Wwoestonse®84. 2 Preparation 11 2-0xo- 2- phenyl aceCalusedydesord Add
Se02 (4.68; 0.042 nol; 1.0 equiv), acetic acid (1.2 nL; 0.021 nol; 0.5
equiv), water (1.5 inL; 0.083 nmol; 2.0 equiv) in 1,4-dioxane (15 tnL) and
stir at 80C until the solution becones clear. Cool the reaction to RT, add
acet ophenone (5.0 g; 0.042 nol; 1.0 equiv) and stir at 80C for 18 h. Cool
the reaction to RT, filter through Celite(r), 20 wash the residue with EA,
and dry over anhydrous sodium sulfate. Evaporate the organic |layer, purify
over 50 g silica using EA in hexane to produce the title conpound (4.0 g,
72.7%. M5 (ES+): nmlz = 135 (M+H) Preparation 12 25444- Phenyl - |

H i m dazol - 2-y1) - pi peridine-l-carboxylic acid tert-butyl ester 25

Conbi ne 4-fornyl -pi peridine-|-carboxyljsc acid tert-butyl ester (3.8 g;
0.017 nol; 0.6 equiv) and 2-oxo-2-phenyl acet al dehyde (4.0 g; 0.29 nol; 1.0
equiv) in nethanol (40 nL). Cool the reaction fromO to 10C. Add ammoni um
hydr oxi de sol ution (25% solution, 40 m.) slowy. Stir the reaction at RT
for 16 h. Concentrate {ermpourdetiom lonbrerrast byaedude liafert with water and
extract with di et hyplowesagrecosnighierhniapes indprogedureh dlorg pregifistivecorepiest and filter the
solids, wash w th héesxameanbrperagdayseiifiehe sshersurrpaatios. i rlslye titl e conpound
(3.0 g, 51.7% . NS ¢ESley: ltwilf b remgnBR 8 ofelkist) in tRefyathearilividyn sth3n the

10444- ( 3- Chl or 0- 4 f blluGifigGehgpls@iaybd Yoried to friidchheabdangd cBREImAO: @lelyeknys- 1H- i M dazol - 2-y1
1- piperidine- 1-canbaXynkiGiaae reahinta@nble Diat i drdif@G ki@ b the are. A1 Add

(2-chl or o- et hyl) - di ARty m@BERse PyedEe R pRhdudlQented . 10 equi v; 579 gnol; 83 np)
in one portion to a m xture of

444- (3-chl oro-4-fl uoro-phenyl)-1Hi ggazol - 2-y11- 15pi peri di ne-1-carboxylic
acid tert-butyl ester (1 equiv; 526 tinol; 200 ng) and powdered KOH (2.5
equiv; 1.316 mmol; 73.8 ng) in DMBO (3 ml) f«Warmto 50C and stir for 2 h.
Dilute with DCM wash with waterninef dpy- over MgSO4, filter, evaporate
and purify on 40 g silica gel w 10% met*hanol / ACN to provide the title
conpound (194 ng; 0.43 mol ;, 82X [(ES+)— g=xz 451 (MrH). 20

Prepare the foll ow ng internedila ™ manner simlar to that described
in preparation 13: Preparatio @

10 [8))

A substituted imidazole piperidine of formula (1), a substituted ketone of formula
(2), and a base such as triethylamine (TEA), diisopropylethylamine (DIPEA) or 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU) in a solvent, such as propanol, isopropyl alcohol
15 (IPA), NN-dimethylformamide (DMF), methanol, N-methyl-pyrrolidene (NMP) or
dimethyl sulfoxide (DMSO) are heated at an elevated temperature to form the compound
of FormulaI. L is a leaving group, ¢.g., chlorine. Alternatively, this reaction may be
carried out by first combining potassium terz-butoxide, N,N'-bis(2,6-
diisopropylphenyl)imidazol-2-ylidene-acetylacetonate palladium chloride [IPrPd(acac)Cl
20  (J. Org. Chem. 2006, 71(10), 3816-3821)] and purging with nitrogen. Then adding
anhydrous 1,2-dimethoxyethane (DME) and compounds (1) and (2) and heating to 80°C.
Compounds of Formula I wherein one of R* or R® is benzyl and the other is
hydrogen may be prepared by reacting compound (1) with a compound of formula (2)
which is substituted with a benzylidene group and then subsequently reducing the
25  benzylidene group to a benzyl group.



Conpound Nane M5 (ES): ni/z (MtH) 14
4-[1-(2-D et hyl am no-et hyl )-4-(4-fluoro-3-trifluoronethyl -
phenyl ) - Woi2modaassb- 2- y1] - pi peri di ne- 1-carboxylic acid PrertrS2matyio2est er
485 15 414-(3-Chl oro-4-fluoro-phenyl)-1-(2-pyrrolidin-1-yl-ethyl)-
1H i m dazol - 2-y1] - pi peridi ne-1-carboxylic acid tert-butyl ester 476 16
444- (4- Fl uoro-3-trifluoronethyl - phenyl)-1-(2-pyrrolidin-1-
yl -ethyl)-1Hi m dazol - 2-y1] - pi peri di ne-1-carboxylic acid tent- butyl ester
511 26 17 4-[1-(2-Di nethylam no-2-net hyl - propyl)-4-(4-fl uoro- 3-
trifluoronethyl-phenyl)-1Hi m dazol -2-y1] - pi peridi ne-1- carboxylic acid
tert-butyl ester 513 18
4-(1- (2- (D et hyl am no) et hyl ) - 4- phenyl - 1H i mi dazol - 2-
yl ) pi peridine-|-carboxylic acid tert-butyl ester 399

16

The P’ group may represent the desired final amine fragment with substitutents
as defined previously (P¢), a precursor to P. or a protected P, fragment. All other
substitutents are defined previously. If the protecting group in P, is carboxy benzyl
group, deprotection to provide the desired amine may be done prior to or after reaction

5  with compound (2). The carboxy benzyl protecting group may be removed by reaction
with concentrated HC1. Alternatively, it may be removed in the presence of lithium
aluminium hydride in tetrahydrofuran (THF) to provide a methy] substituted amine
substituent as defined in P..

Note: in the instance of 4-(4-{4-(4-fluoro-3-trifluoromethyl-phenyl)-1-[2-

10 (isopropyl-methyl-amino)-ethyl]-1H-imidazol-2-yl}-piperidin-1-y1)-7H-pyrrolo[2,3-
d]pyrimidine-5,6-dione hydrochloride, oxidation of the 5 position methylene to the ketone
can be observed under the reaction conditions.

Substituted imidazole piperidine compounds of formula (1) are prepared as
illustrated in Scheme 2, where PG is a nitrogen protecting group, and all other

15  substituents are as previously described.

Scheme 2



Preparation 19

444- (3, 4-Di fl uoro- phenyl) - 1- (2-di net hyl am no-et hyl ) - 1H i m dazol - 2-y1] - pi per
i di ne-1- Wwoantwmsyiedc acid tert-butyl ester Add PCT/US2009/063020

444- (3, 4-di fl uor o- phenyl) - 1Hi m dazol - 2-y11- pi peri di ne- 1-carboxylic acid
tert-butyl ester (500 ng; 1.38 mol) to a solution of NaH (110 ny; 2.76
nmmol) in DVBO (50 nL) at 0 C, and stir for 1 h at RT. Add (N, N-di net hyl)
et hyl chloride 10 hydrochloride (238 ng; 1.65 mMmmol) to the resulting

m xture and allow to stir at RT for 18 h. Mnitor the reaction by thin

| ayer chromat ography (TLC). Quench the reaction mxture with ice water and
extract with EA. Separate the organic |ayer, wash twce with brine (2 x 50
rnL), dry over anhydrous Na2SO4 and evaporate under reduced pressure.
Purify the residue by col umm chronmat ography on silica gel (60/120 nesh)
using DCM 15 Methanol (98:2) as eluent to give 0.5 g (86% of the title
conpound. LCMS = 484( MtH) . Prepare the followng internediate in a
manner simlar to that described in preparation 19: Preparation Conpound
Name MS(ES): mz (MtH) 20

4-[4-(3,4-Difluoro- phenyl) 1-(2-(pyrrolidin- ‘ypet hyl ) - 1H

i m dazol - 2-yl | pi peri dijne- 1- cag boxyl ic aci d/_@f"- butyl ester 462

20Preparation 21
4-{4- (3- Chl or o- 4- f | uoifo;,phen Ttetra’ /dro- pyr an- 2-yl oxy) - et hyl ] - 1H-i m
i dazol - 2- y1}- pi peri di ne- I- |c aci d_tler tx\but yl ester Dissol ve

444- ( 3-chl oro- 4-f | uor o- phenyl) 1H-| m dazol -i2- y11- pi fdi ne-1- 25
carboxylic acid tert-Butyl ester®(5.29 g; ¥3.93 ) .—powder ed KOH (111. 46
mmol ; 6.95 g) in DVBO (69 nL) and heat to 40 C ford10 min. Add 2- (2- 27

br ormet hoxyhet r ahydr o- 2H pyran (34.83 mol ; 5.48 odr opwi se over 45 nmm
then stir for 30 nm Cool and dilute with EAan wash with 3 x 300 nL
saturated sodi um bi ca nat e, ne, dry SA4, jfilter and evaporate.
Purify on 400 g silidalgel '/_éjlbo_/o'EA/ o pr v@eaghetitle conpound
(6.848 g, 97%. M ( = in/g % 508 5 Prigpare the follow ng
internediate in a manner sinilar to that described in preparation 21:
Preparati on Conpound Name M5 (ES): miz (i\/HrH) _OLQ/B'

The compound of formula (A) can be prepared from the corresponding 2-bromo-
phenyl ethanone compound. In the synthesis of compounds of Formula I in which RS and
5 R?form a piperidine ring, the protected piperidine ring is present as an amine substituent
in compound (A) prior to reaction to form compound (B). The amine substituted
compound is synthesized by reaction of 3-amino-piperidine-1-carboxylic acid with a
compound of formula (E) in the presence of a base such as TEA in a solvent such as
DMF. Later in the synthesis the protecting group on the piperidin-3-yl may be removed
10 and replaced with a methyl substituent.

Where R* = H an amine of formula (A) is reacted with a nitrogen protected
piperidine carboxylic acid in the presence of a coupling agent, such as, isobutyl
chloroformate, 1-ethyl-3-[3-dimethylaminopropyl]-carbodiimide hydrochloride (EDC), 1-
propanephosphonic acid cyclic anhydride (PPA) or thionyl chloride and an base such as

15 N-methylmorpholine (NMM), DIPEA or TEA, in a solvent such as THF,
dichloromethane (DCM), or DMF at reduced temperatures to form amide of formula (B).

The imidazole piperidine of formula (C) is formed when a compound of formula (B),



22 4-14-(4-Fluoro-3-trifluoronethyl-phenyl)-142-(tetrahydro-
pyran-2-yl oxy)-ethyl]-1Hi m dazol - 2-y1}-pi peridine-1- carboxylic acid

tert-but Wwoestwse®42 10 Preparation 23 PCT/US2009/063020
414- ( 3- Chl or 0-4-f | uor o- pheny1l) - 1- ( 2- hydr oxy-et hyl ) - 1H-i m dazol - 2-y1J- pi peri
dine- | - carboxylic acid tert-butyl ester 15D ssol ve 4-

{4-(3-chl oro-4-fluoro-phenyl)- | 42-(tetrahydro-pyran-2-yloxy)-ethyl]-

1H i m dazol - 2-y1}-pi peri di ne-1-carboxylic acid tert-butyl ester (6.85 g;
13.48 rnnol) in THF (200 inL) and add 1M aqueous hydrogen chloride (20 inL)
and stir 18 h at RT. Dilute with EA, wash with saturated sodi um

bi carbonate, brine, dry with anhydrous MgSO™4, filter, and evaporate. Purify
the residue on 330 g silica gel with 2:1 DCMEA to 20 provide the title
conmpound (5.07 g; 89% as a white crystalline solid. M5 (ES): mz = 424

(MtH) . Prepare the follow ng intygrnmediates in a manner simlar to
that described in preparation 23: Preparation Conpound Nane M5 (ES): /HA
(MtH) 24 444- (4-Fluoro-3-trifluoronethyl-phenyl)- | -(2-hydroxy-

ethyl)-1H i m dazol - 2-y1] - pi peri di ne-1-carboxylic acid tert- butyl ester 458
28 25444- (3, 4- Di f | uBFEHUBEFRPIPTELT Do tif R od et i 2 splros! s

i m dazol - 2- y11- pi pefioud raicropave beft gxRiese Aanireedipienf oo ] vhasdheer

Pr epar at ion 26 phenyl is unsubstituted can be prepared by condensing 2-oxo-2-phenylacetaldehyde with

444- ( 3- Chl or 0- 4- f | uetroy-pivedy Lpbdyi¢ 2id pretubianresiaglidaonyk oxyehet hyl ) - 1H- i m dazol - 2
-y1] - 5pi peridi ne- | - camexiohnd 6 foard@la ) if 11 dlkylled toypovide Scbrapbund of formula. SUSpend

444- ( 3-chl or 0- 4- f | UDYBerfIRRYdgn- thord sgciftyiig] EnO6NpoRd ddigkn)ia bHdaé-m dazol - 2-y11-

pi peridine-1 -car bogychake@wiCiadd sdeiif, ko fodm hfa8de BE solcrsidias Gusol 1. 96 mmol ) and TEA
(35.88 rrunol; 5.0 gileyedbyRaakedpl 9 2 Wvihg cRRckP@Rbeed Sl il pireuat h. - Add

met hanesul f Onyl chl éBII;Angﬁos(o%'a]%éting agents are commercially available or synthesized by

10 methods known in the art. For example, the alkylating agent can be prepared from the
corresponding alcohol in the presence of thionyl chloride in aqueous hydrochloric acid or
phosphorus tribromide in benzene.

The amine of the alkylating agent may be further substituted by a benzyl group.
The benzyl group may be subsequently replaced by a carboxy benzyl protecting group by

15  reaction with benzylchloroformate, this can be carried out in one or two steps. The
alkylating agent may, alternatively, contain a nitrile group which is reduced to form an
amine. The resulting amine may then be protected by a carboxy benzyl group.

The compound of formula (C) may be reacted with 2-(2-bromoethoxy Jtetrahydro-
2H-pyran or (2-bromoethoxy)-ters-butyl-dimethyl silane to form a compound of formula

20 (D) in which P’ is a 2-(tetrahydro-pyran-2-yloxy)ethyl group or a 2-(zert-butyl-dimethyl-
silanyloxy)-ethyl group, respectively. These groups are converted to a 2-hydroxy-ethyl
substituent and then to a 2-methanesulfonoxy-ethyl substituent. The methansulfonyloxy
(mesyl) leaving group can then be replaced by the desired amine.

Where the desired P. group is pyrrolidin-2-ylmethyl, the carboxy benzyl protected

25  pyrrolidin-2-yl methyl is added to the compound of formula (C) by reaction with 2-
(toluene-4-sulfonyloxymethyl)-pyrrolidene-1-carboxylic acid benzyl ester.

Alternately, a 4-bromo-imidazole of formula (H) undergoes coupling with a
phenylboronate compound (I) in the presence of palladium (0) catalyst to form the
compound of Formula (D) where R? is hydrogen. A compound of Formula (H) may be

30  prepared from 4-(1H-imidazol-2-yl)-piperidine-1-carboxylic acid ferf butyl ester. First the
P’ is added, then the compound is reacted with N-bromosuccinimide to form a 4,5-

disubstituted compound and finally this is converted to the 4-bromo substituted



10 mmol; 1.1 inL) dropwi se over 9 mmand stir for 30 additional mm Quench
W th saturated sodi um bi carbonate, dry over MgSO4, filter and evaporate to
provi de twe 2piwdseseaonpound (6. 246 g; 104% as a foam NMBCTHESRo0IMH26= 502
(MtH) . Prepare the following internediates in a manner simlar to
t hat described in 15preparation 26: Preparati on Conpound Nane M5 (ES): niz
(MtH) 27 414-(4-Fluoro-3-trifluoronethyl-phenyl)-1-(2-
met hanesul f onyl oxy- et hyl )-1H i m dazol - 2-y1J- pi peri di ne-1- carboxylic acid
tert-butyl ester 536 28 414-(3, 4-Difl uoro-phenyl)-1-(2-nethanesul f onyl oxy-
ethyl)-1H i m dazol - 2-y11- pi peri di ne-1-carboxylic acid tent- butyl ester 486
Preparation 29 4-
(4-(4-Fluoro-3-trifluoronethyl-phenyl)-1424(R)-2-hydroxymet hyl -pyrrolidin-1
-y1l)- 20et hyl]-1H Uni dazol - 2-y1}- pi peridi ne-1-carboxylic acid ten-butyl
ester Add 19
444- (4-fluoro-3-trifl uoronet hyI - phenyl) - 1- ( 2- net hanesul f onyl oxy- et hyl ) -
1Hi m dazol - 2-y11- pi peri di ne- 1- carboxylic acid tert-butyl ester (500 ng; 1
equiv; 933 unol); D prolinol 3 00 e?wv 2.80 nmol ; 283 nmg); DMF (1 rnL)
and heat at 50 C fof™»s4® bh“"i“ﬁ" Hh sl ligym ‘&%‘é‘éaé?d““"lfimf’eﬁf"és R™h EA, wash with
sat ur at ed sodi um bi ertatshiabesicpP-prpppby the papodgs fefoyr abpe SO4, filter and purify on
40 g silica gel wth 1-TRSEOtYDEW tigre Rrisetsideke ertupiesvitieszbdas conpound (506. 9
ng; 0.94 mmol; 100%pewn WBe rfiddSsJuencernf Spherae 2 Fidsf] an (niidedefy compound of formula (FIPr epar e t he
fol |l owi ng i nter medi ab@a! by riactish of BB BEmid8 bfPimlulel(E) abdTorbehiadat @t@ET T | bed i n
Spreparation 29: Preapaiat Thohidzad GRoends iNamer) Mien (lgm}dundersigilal MEH) 30

alkylation conditions as described above to provide a compound of formula (G).

Imidazole compound (G) is treated with a metalating agent, such as nBuLi, in a solvent

such as THF, under reduced temperatures and an inert atmosphere, followed by a ring

10 nitrogen protected 4-piperdinone to give the compound of formula (D).
The piperidine protection group of formula (D) is then removed to provide a
compound of formula (1).
The amine of formula (A) and acyl bromide of formula (E) are either

commercially available, or are synthesized by methods known in the art.

15
Scheme 3
Cl carbonyldiimidazole, (]
NH. NHR'" R'® phosgene
= 2 ormphosgene NTXW,
'1)1 - 'lj\/[ — L
N™ Q]
o
® o (2, W = NRI?)
20

The intermediates of formula (2), where W = NR'®, are either commercially
available, or are synthesized by methods known to the skilled artisan. For example, 5-
amino-4,6-dichloropyrimidine (J) is alkylated with an R'*halide in the presence of a
strong base to give the N-alkylated pyrimidine (K). One of the chlorides in compound (K)
25  is displaced by ammonia by heating in a sealed vessel to give the pyrimidine diamine (L).
Cyclization with phosgene, triphosgene or carbonyldiimidazole gives the intermediate (2)
where W=NR".

Scheme 4



4-{4-(4-Fluoro-3-trifluoronethyl-phenyl)-112-(isopropyl -

nmet hyl - am no) -et hyl ] - 1Hi m dazol - 2-y1} - pi peri di ne-1- carboxylic acid

tert - but yWwoestonse®i3 31 4- {4 -(3-Chl oro-4-fl uoro-phenyPrTAK2600i063020
sopropyl -met hyl - am no) -et hyl] - 1Hi mi dazol - 2- y1} - pi peri di ne- 1- car boxylic
acid tert-butyl ester 479 32 4-[1-(2-tert-Butyl am no-ethyl)-4-(4-fl uoro-3-
trifluoronethyl-phenyl)-1Him dazol -2-y1}-pi peridi ne-1- carboxylic acid
tert-butyl ester 513 33
441-(2-tert-Butyl ai ni no-ethyl)-4-(3-chl oro-4-fluoro-

phenyl) - 1H i m dazol - 2-yl ppi peri di ne-1-carboxylic acid tert-butyl ester 479
34 4- {4-(3-Chloro-4-fluoro-phenyl)-142-(ethyl-isopropyl -

am no) - et hyl] - 1H i m dazol - 2-y1}- pi peri di ne- 1-carboxylic acid tert-butyl
ester 493 Preparation 35

4-[142-(tert-Butyl -di met hyl -sil anyl oxy)-ethyl]-4-(3, 4-difluoro-phenyl)-1Hi
i ni dazol -2- 10yfl -pi peridi ne-1-carboxylic acid ten-butyl ester

Conbi ne

4-[4-(3,4-difluoro-phenyl)-1Him dazol - k %Perldlne 1-carboxylic acid
tert- but y| est er ( 10. OTlg mterBed6128f f(ﬁxﬂx’a.(Z) Ihee & F\?l) =CH-R’, are synthesized

(2- br ono- et hoxy) - teWP@%ﬁ#VV”ﬁFHﬁW%?$%FW%ﬁ@ (13.16 g; 0.055 nol; 2.0 equiv),

powdered KOH (7.72 g;, 0.14% | ; . 0 equitv) |n 1RwhiE (190 Tril) and stir at
40C for 16 h. Cpench Y eore LQD_MLLhﬁ a nd_exLLaﬁ th EA. Evaporate
to give the title CQ nd 4.3g, cru NS MBS (HES#): nfzN= 522 (M+H)
Preparation 36 _— Hiﬂ) g;i
444- (3, 4-Di fl uoro- phenyl) 1- (2mhwafoxy et -1H i m daz6¥s2-y1l} - pi peri di ne-
1- 20carboxylic acid tert-butyl ester o ™

Acid N cl R Base

i, o) RY/R? halide (2, W = CR*RS or C=R?)
heat N N R9-carboxaldehyde

Methyl 2-(4,6-dichloropyrimidin-5-yl)acetate may be prepared from methyl 2-

5 (4,6-dihydroxypyrimidin-5-yl)acetate. The dihydroxy compound may in turn be prepared
by adding 1,1,2-ethane tricarboxylic acid triethyl ester to a solution of sodium methoxide
in methanol, followed by addition of formamidine hydrochloride.

Methyl 2-(4,6-dichloropyrimidin-5-yl)acetate is reacted with 4-
methoxybenzylamine or 2,4-dimethoxybenzylamine in the presence of base, e.g., DIPEA
10  and a solvent, e.g., acetonitrile (ACN) to give the benzyl protected acetate (M).
Treatment of compound (M) in aqueous acid and heat gives the benzyl protected purinone
(N). Compound (N) is deprotected in strong acid, e.g., trifluoroacetic acid (TFA) or 40%
HBr aqueous and heat to give the known intermediate 4-chloro-5,7-dihydro-pyrrolo[2,3-
d]pyrimidin-6-one. 4-Chloro-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one may be
15  prepared from 5,5-dibromo-4-chloro-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one which is
in turn prepared from 4-chloro-7H -pyrrolo[2,3-d]pyrimidine by reaction with pyridinium
bromide perbromide.
4-Chloro-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one is either alkylated with an R*
/R®-halide and base or condensed with an R®>-carboxaldehyde to give compound (2). The
20  compound of formula (2) wherein R* and R’ together form a cyclopentane ring is formed
from 4-chloro-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one by reaction with 1,4-

diiodobutane.



30 Conmbi ne

4-[112-(tert-butyl -di net hyl -sil anyl oxy)-ethyll-4-(3, 4-difl uoro-phenyl)-

1H i m dazwb-281y0Ep36pi peri di ne-1 - carboxylic acid tert-but pCTaszew/063080 3 g;
0.035 mol; 1.0 equiv), tetrabutyl anmonium fluoride (20.3 g; 0.07 nol; 2.0
equiv) in THF (100 nm.) and 5 stir at RT for 3 h. Concentrate, quench the
reaction with water and extract wth EA Evaporate the organic |ayer to
give the title conmpound (3.5 g; 24.49 %9. MS (ES+): mz = 408( M+H).
Preparation 37

104- (4-(3,4-Di fluoro-phenyl)-1-{2-[(2-hydroxy-ethyl)-nmethyl-amno]-ethyl}-1
H i m dazol - 2-yl)-piperidine-1-carboxylic acid tert-butyl ester

Conbi ne

4-[4-(3, 4-di fl uoro-phenyl)-1-(2-net hanesul f onyl oxy-et hyl ) - 1H m dazol - 2-y11-
pi peridine-1-carboxylic acid tert-buty, ester (3.0 g; 0.0061 nol;1.0

equi v), 152-nethyl am no-ethanol (1.48g; 0.031 nol; 5.0 equiv) in DWF (30
m.) and stir at 40-50 C for 16 h. Quench with water and extract with

di ethyl ether. Evaporate the organic |ayer, purify over 50 g silica gel
with O to 10 % MeOH DCWI*‘”F"G‘CWC“fe'?“&(‘,‘lel’eﬁfﬂg'°‘t°6d°ﬁﬁp6‘eﬂﬁ9é“i"%’é""‘fei“t | e conpound (1.5
g; 52.2 % NS (ES+)compayng2)in th gpline kgpeyiqps of Sty éoflpaypddy reniges! of eeibineylvi ng i nt er nedi at es
in a manner sim | arpdegiotgvert descri bed in preparation 37: Preparation
Corrpound Name MS (ES) : Tlﬁszledéwu appf8ciate that not all of the substituents in the compounds

4- (4- (3, 4- Di f | uorsopiienysl ) willseldraid ecftadrrdayiahic@atipy Yriplo@d tb Ghithisizdthe

yl)ethyl)-1H i m daz@hpoddsythdsfrhols haphe Rducdd at € Bkvir@ yolni iCheathetls, &rer t - but yl ester
477 39 4- (1-(2- (3~ (e belororbdidd Hd telhic RAAENA recsibaly Briaiike@ X kR A kakhlilN - 1- _
yl)ethyl)-4-(3, 4- di fil, BRLAPRERYddctind fbubs BhydaZRca Ry Hlvdhidh &L i Ne- 1 - car boxylic
acid tert-but yl est rrt.hesﬁ Zf?he cogégﬁsgmruré&ll ixQtaioﬂiq/[ethods for introducing and

Benzyl h ( 2-chl or 0-IOet re ol/i)g-nigc%;[nngth m@%r&p% are vl;/]e}{ glgwa(i:nme Qrtl: slequr exan::)p ¢, Greene

and Wauts, “Protective Groups in Organic Synthesis™, 3 Ed., John Wiley and Sons, New

York, Chapter 7 (1999). Furthermore, the skilled artisan will appreciate than in many
circumstances, the order in which moieties are introduced is not critical. The particular
order of steps required to produce the compounds of Formula I is dependent upon the

15  particular compound being synthesized, the starting compound and the relative liability of
the substituted intermediates and products.

Preparation 1
2-Amino-1-(4-fluoro-3-(trifluoromethyl)phenyl)ethanone, 4-methylbenzenesulfonate
20
Add sodium azide (1.76 g; 1.05 equivalents (equiv)) in one portion to a solution of

2-bromo-1-(4-fluoro-3-(trifluoromethyl)phenyl)ethanone (9.19 g; 1.00 equiv) in THF (50

mL). Stir the mixture at room temperature (RT) overnight. Filter the solids and wash

with THF. Add the crude azide to a solution of triphenylphosphine (1.06 equiv; 8.64 g)
25  and p-toluenesulfonic acid (2.2 equiv; 12.0 g) in THF (50 mL) under 20 °C. Stir the

mixture overnight. Filter the solid, and then wash with THF to obtain 5.5 g of the title

compound. MS(ES): m/z=217.2 [M+H].

Prepare the following intermediates in a manner similar to that described in

30  preparation 1:

Preparation Compound Name Physical Chemistry Data




Combi ne hydrogen chloride (50 nL; 4Min di oxane), N-benzyl-N

nmet hyl et hanol am ne (61.12 mol; 10 g), thionyl chloride (73.30 muol; 5.34
m.) and hweat2otose3C. Stir for 2 h, evaporate and crushPChasg@vios2ander
ether, sonicate 15 mn, filter, wash with ether, dry under vacuumto
provide the title conpound (10.75 g; 80 %9. 5 M5 (ES): nmz = 184 (M+H).
Prepare the followng internediate in a manner simlar to that described
for benzyl-(2-chloro-ethyl)-nethylam ne, hydrochloride from

1- phenyl met hyl - (2R) - pyrrolidi nenmet hanol: Preparation Conpound Name MS
(ES): nz/z (M+ll) 41 (R)-1-Benzyl-2-chloronethyl-pyrrolidine hydrochl oride
210 Preparation 4la (R)-1-Benzyl-2-(brononet hyppi peri di ne hydrochl ori de
Charge (R)-(1-benzyl pi peridin-2-yl)methanol (30.0 g, 0.146 nol, -1.0 eq.,
crude) in 350 inL benzene and add a solution of phosphorus tribrom de (20.6
mL, 0.219 nol, 1.5 20 eq) in benzene ab OC under nitrogen atnosphere. Heat
the reaction mass at 70C for 16 h. After conpletion of reaction, quench the
reaction with saturated solution of sodium carbonate (100 nm.) and extract
the conmpound in EA (3 x 100 inl). Wash the organic layer with brine and dry
over anhydrous sodium sulfate. Concentrabg WRABHsd £IHCHH, P ESSUre and

di ssol ve the solid|residue baAmieietdntba-et fsesm 4, $d5and, £Resdesisol ved portion

and 25add slowy HC1 (1.2 e@{!xm miptangredi ef ’{:)’ T -{‘é@f‘bq‘)’é-g'rr for 30 mnutes
at RT. Filter the precipita 3Hpg:§z§161mr§‘ﬁd v?gé“‘fzg s S oz’lzg\’/\ed by hexane.
Dry under high vacuumto get 32 13 2g pf

(R) - 1-benzyl- 2- (br pnonet hyppi peri di ne as lhm;kqﬁm@l;iﬂgmz&lg . M5(ES):

m z=268, 270 (MtH) PLERARE. t he| sRot Bow ngdinit.eredi ate in a manner
simlar to that descrisbed idmubpeepanais off 4] 7;25}‘,%‘)’&;5}3%&(@@: Conpound Name MS
(ES): mlz (M+11) 41b methylbenzenesulfonate 1 53" 711 (d, J= 7.7 Hz, 2H), 460 Gs,

2H), 2.28 (s, 3H).

Preparation 4

2-Amino-1-(4-fluoro-3-(trifluoromethyl)phenyl)ethanone, hydrochloride

5 To a solution of 2-bromo- 1-(4-fluoro-3-(trifluoromethyl)phenyl)ethanone (60.00 g
1.00 equiv; 210.50 mmoles (mmol)) in ethylacetate (EA) (450 mL; 4.60 moles (mol)),
add 1,3,5,7-tetraazatricyclo-[3.3.1.13,7]decane (Methenamine, 1.10 equiv; 231.55 mmol;
32.46 g) and stir at RT overnight. Remove the solvent in vacuo and triturate the solid
with methyl-t-butylether (MTBE), filter and dry in vacuo. Add ethanol (450 mL; 7.73

10 mol) followed by hydrogen chloride (36.5 wt/wt% in water) (150 mL; 8.30 equiv; 1.75
mol) and stir the mixture overnight. Remove the solvent in vacuo and dry the solid in
vacuo at 50 °C for 1 week to give the title compound (54.23 g; 100% yield) as a white
solid with some amount of ammonium salt. '"H NMR (300 MHz, DMSO): 8.69-8.59 (m,
4H), 8.07-8.01 (m, 1H), 4.95 (d, J= 5.2 Hz, 2H). Use the solid as is.

15
Preparation 5
4-(2-(4-Fluoro-3-(trifluoromethyl)phenyl)-2-oxoethylcarbamoyl)piperidine-1-carboxylic
acid tert-butyl ester
20 To a solution of piperidine-1,4-dicarboxylic acid mono-fert-butyl ester (1.20

equiv; 252,61 mmol; 57.92 g) in THF (400 mL}, add NMM (3 equiv; 631.52 mmol; 69.66
mL). Cool to -10 °C with a dry ice-acetone bath. Add isobutyl chloroformate (1.1 equiv;
231.56 mmol; 30.26 mL) dropwise mantaining the temperature below -5 °C. After 30



(S)-1-Benzyl- 2- (brononet hyppi peri di ne hydrochl ori de 268, 270 Preparation
42

4-[ 142- ( BRO29i0/03e36By| - am no) - et hyl ] - 4- (3-chl or o- 4- f | uor @cphusngoo)e3dk i t ni daz
ol -2-yl)- 10pi peridine- 1-carboxylic acid tert-butyl ester Add
powdered KOH (283 ng; 5.05 mmol) and 444-(3-chl oro-4-fl uoro-phenyl)-
1H i m dazol - 2-y11-pi peridine-Il-carboxylic acid tert-butyl ester (2 02 mmol;
768 ng) to DVBO (6 nL). Then add benzyl - (2-chl oro-et hyl) - et hyl am ne
hydrochloride (2.22 15 mml; 0.49 nL) in one portion and heat to 40C for 18
h. Cool, dilute with DCM water, add brine and separate | ayers. Wash the
organi ¢ phase with water, brine, dry over MgjSO4, filter and evaporate.
Purify on 120 g silica gel with 1 % MOH DCMto provide the title conpound
(840.5 ng; 79 . M5 (ES): mlz = 527 (M+H). 20Prepare the foll ow ng
internediates in a manner simlar to that described in preparation 42:
Preparati on Conpound Nanme M5 (ES): nt/z (Mt1ll) 43
44142- (Benzyl - met hyl - am no) - et hy11-4- (4-fl uoro- 3-
trifluoromethyl-phenyl)-1H i m dazol -2-y1J-piperi dine-1- carboxylic acid
tert-butyl ester 56%°HP FAILE PP aRPP R HF oG DEehPr] - 4- (3, 4-di f | uor o-
phenyl) - 1H-i r ni dazoydrehlapdefss Fisg &t dret A pred sended fHECGRD #d fer t - but yl  est er
511 45 4-[14(S) - 1- Bésyespie intinyrath g }5i°fpr AL npinagd therglth R ) Pariftion b weertwatgr 0- 4-
fl uor o- phenyl) - 1H i 1 haedlthe Ruanjcdajer wiih peer thedl favrasd Vot @vedyoteripd).irgovaici d t ert - but yl
ester 553 5  anhydrous MgSQO,, filter and concentrate in vacuo. Suspend the crude in MTBE and stir

for 2 h. Filter the solid and dry in vacuo to give the title compound (64.44 g; 70.79 %).

'H NMR (300 MHz, DMSO): 8.37-8.26 (m, 3H), 7.74-7.68 (m, 1H), 4.61 (d, J= 5.5 Hz,

2H), 3.91 (d, J= 12.9 Hz, 2H), 2.75-2.64 (m, 2H), 2.46-2.37 (m, 1H), 1.69-1.60 (m, 2H),

1.39 (s, 12H).

Prepare the following intermediates in a manner similar to that described in

preparation 5:

MS (ES): m/z
Preparation Compound Name
(M+H - tBu)
6 4-(2-(3-Chloro-4-fluorophenyl)-2-oxoethylcarbamoyl) 3431
piperidine-1-carboxylic acid fert-butyl ester
7 4-(2-(3,4-Difluorophenyl)-2-oxoethylcarbamoyl) 327.1
piperidine- 1-carboxylic acid tert-butyl ester

Preparation 8
15 4-[4-(4-Fluoro-3-triflucromethyl-phenyl)- 14 -imidazol-2-yl]-piperidine-1-carboxylic
acid fert-butyl ester

To a solution of 4~(2-(4-fluoro-3-(trifluoromethyl)phenyl)-2-
oxoethylcarbamoyl)piperidine-1-carboxylic acid rert-butyl ester (29.4 g; 1.00 equiv;



33 Preparation Conmpound Nane M5 (ES): in/z (M+H) 46

4-[1-(R)-1-Benzyl -pyrrolidin-2-yl nethyl)-4-(3-chl oro-4-

f | uor o- phwoyebyo/asbbeB M dazol - 2- y11- pi peri di ne- 1- car boxyl i @Caaisdoowssio2but yl
ester 553 Preparation 46a (R

4- (14( 1- Benzyl pi peridin-2-yl)nmethyl)-4-(4-fluoro-3-trifluoronethyl-phenyl)-
1H5i m dazol - 2-yl ) pi peri di ne-1-carboxylic acid tert-butyl ester To a
solution of 444-(4-fluoro-3-trifluoronethyl-phenyl)-1Him dazol-2-yl11-

pi peridine-l-carboxylic acid tert-butyl ester (4.5 g, 0.01llnol, 1.0 eq) in
DMSO (100 nL) 10 and add powdered KOH (3.0 g, 0.055 nmol, 5.0 eq) at RT
under nitrogen atnosphere and stir for 30 mnutes. To the resulting
solution add (R)-1-benzyl-2-(brononet hyppi peridi ne hydrochloride (5.0 g,
0.0165 nmol, 1.5 eq) and stir the reaction mass at R for 16 h. After
conpletion, dilute the reaction with water (100 inL) and extract the
conpound in EA (3 x 100 nL). Wash the organic layer with brine (2 x 50 nl)
and dry over anhydrous sodium 15 sul fate. Concentrate the organic |ayer
under reduced pressure and puri fa/ on silica (100- 200 nmesh) using 2%
acetone - DCM to get’ 23w’ i raedy’ o 16 APt prave Gt ouid: 'R ES+) . mf z= 601
(MtH) . Pr e &¥oke) tiferedop THAGMGUH G 7 1P e A &e Pirregt ffanner similar to
that described in 29inpreydabeatiidh cdBeRT and Butitiq@pepiyorn Fodnd vorr 2@orbound Nane MS

( ES) - 1i /A ( |\/|-|-H) A6t o(g@):]ayer with water and brine. Concentrate in vacuo. Triturate the residue in

4- (1- ((1- Benzyl pipewTedifiter ad dptivaidwdvy tedide(celnpduld (18.23@;:48 10 mmol; 64.86 %)

trifluoromnet hyl - pheRydnjesdikti tivid @amal rgo): pppi, pek.bsdiona-2mlzear boxyl i ¢ aci d
tert-butyl ester O60L 48z, 1H),7.49-7.43 (m, 1H), 3.99 (d, J= 12.6 Hz, 2H), 2.92-2.85 L @p@asiaki on 47

444- ( 3- Chl or o- 4- f | u@ray phaenYR 162 it hyl am no-et hyl ) - 1Hi t ni dazol - 2-y11- pi
peri di ne51-carboxylic acid tert-butyl ester

10 Prepare the following intermediates in a manner similar to that described in

preparation 8:

MS(ES): m/z
Preparation Compound Name [M+H]
9 4-[4-(3-Chloro-4-fluoro-phenyl)-1H-imidazol-2-yl]- 380.1
piperidine-1-carboxylic acid zers-butyl ester .
10 4-[4-(3,4-Difluoro-phenyl)-1H-imidazol-2-yl]-piperidine- 3642
1-carboxylic acid fert-butyl ester ’

Preparation 11
2-0xo-2-phenylacetaldehyde

Add SeO; (4.6 g; 0.042 mol; 1.0 equiv), acetic acid (1.2 mL; 0.021 mol; 0.5
equiv), water (1.5 mL; 0.083 mol; 2.0 equiv) in 1,4-dioxane (15 mL) and stir at 80 °C
until the solution becomes clear. Cool the reaction to RT, add acetophenone (5.0 g; 0.042
mol; 1.0 equiv) and stir at 80 °C for 18 h. Cool the reaction to RT, filter through Celite®,
20  wash the residue with EA, and dry over anhydrous sodium sulfate. Evaporate the organic
layer, purify over 50 g silica using EA in hexane to produce the title compound (4.0 g,
72.7%). MS (ES+): m/z = 135 (M+H)

Preparation 12

25 4-(4-Phenyl-1H-imidazol-2-yl)-piperidine-1-carboxylic acid fert-butyl ester



Di ssol ve
4-[112- (benzyl - net hyl - am no) - et hy11-4- ( 3-chl oro-4-fl uoro-phenyl) - 1H
i m dazol -woydjv/gseri di ne- 1 -carboxylic acid tert-butylPCgaisers0aiody mol ;
775 ng); 1, 8- naphthal enediatnine, NN N ,N -tetranethyl- (0.044 nmol; 9.4
mg) in 1, 2-dichl oroethane 10 (DCE 20 niL) and cool in an ice bath. Add
1-chl oroet hyl chloroformate (4.41 nunol; 0.48 nlL) dropw se over a couple of
mn to give a colorless solution; stir 15 mn; then renove ice bath and
heat to 70 C for 2 h. Cool to RT and evaporate. Di ssolve the residue in
met hanol (20 nL) and heat to reflux for 40 mn, evaporate and di ssol ve the
residue in DCM wash with sodi um bi carbonate, brine, thy over MgSO4,
filter, evaporate to provide 15 the title conpound (681 ng; 106%. MS (ES):
tn. & = 437 (M+H). Prepare the following internediates in a manner
simlar to that described in preparati,gn 47: Preparation Conpound Nanme M5
(ES): /ft& (MtH) 48 414-(4-Fluoro-3-trifluoronethyl-phenyl)-1-(2-
met hyl am no- et hyl ) - 1H i mi dazol - 2-y1] - pi peri di ne-1- carboxylic acid
tert-butyl ester 471 49
444- ( 3- Chl or 0- 4- f | uor oSpstiEFrterLrPerilisy!cabopylpagiddibey fier $.8 & 0.017 mol;
yl met hy1l- 1H i m dazoleeivipqd2:-06972phspylagldgiyde (1064 PN 1A ofgy) imeethidel {48y t - but yl est er
463 50 444- ( 3- Chl or @ £of pyarigfphEniy 1) AddasRiumbydyyidesolylion % - 2-
yl met hyl- 1H i m dazoflut@s, 4pl)sipiy 8tir irehtapien-aRT &AL b Cxydntag thareitigh vbder t - but yl  est er
463 20 Pr epal’ at iSOnvaﬁﬁhl, qu&& with water and extract with diethyl ether. Concentrate the organic layer

and filter the solids, wash with hexane and dry under vacuum to give the title compound

(3.0 g,51.7% ). MS (ES+): m/z = 328 (M+H)

Preparation 13
10 4-[4-(3-Chloro-4-fluoro-phenyl)-1-(2-dimethylamino-ethyl)- 1H-imidazol-2-yl]-

piperidine-1-carboxylic acid fert-butyl ester

Add (2-chloro-ethyl)-dimethyl-amine hydrochloride (1.10 equiv; 579 umol; 83
mg) in one portion to a mixture of 4-[4-(3-chloro-4-fluoro-phenyl)-1H-imidazol-2-yl]-
15  piperidine-1-carboxylic acid ferr-butyl ester (1 equiv; 526 pmol; 200 mg) and powdered
KOH (2.5 equiv; 1.316 mmol; 73.8 mg) in DMSO (3 mL). Warm to 50 °C and stir for 2
h. Dilute with DCM, wash with water, brine, dry over MgSO,, filter, evaporate and
purify on 40 g silica gel with 10 % methanol/ACN to provide the title compound (194
mg; 0.43 mmol; 82%). MS (ES+): m/z = 451 (M+H).
20
Prepare the following intermediates in a manner similar to that described in

preparation 13:

MS (ES):
Preparation Compound Name m/z
(M+H)
4-[1-(2-Dimethylamino-ethyl)-4-(4-fluoro-3-trifluoromethyl-
14 phenyl)-1H-imidazol-2-y1]-piperidine-1-carboxylic acid zers- 485
butyl ester
4-[4-(3-Chloro-4-fluoro-phenyl)-1-(2-pyrmolidin-1-yl-ethyl)-
15 1H-imidazol-2-yl]-piperidine-1-carboxylic acid ter-butyl 476
ester
4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-1-(2-pyrrolidin-1-
16 yl-ethyl)-1H-imidazol-2-yl]-piperidine-1-carboxylic acid serz- 511
butyl ester




4-[142- (Benzyl oxycar bonyl - net hyl - am no) - et hy1J- 4- ( 3- chl or o- 4-f | uor o- pheny1l)
-1H imdazol -2-yl1-piperidine-1l-carboxylic acid tert-butyl ester D ssolve
414- ( 3- chworetodséicaor o- phenyl) - 1- ( 2- met hyl ami no- et hyl ) - PEHiUsR@a063020
52-yli-piperidine-1-carboxylic acid tert-butyl ester (1.56 muvl; 680 ng) in
DCM (10 inL) and add benzyl chloroformate (1.56 nunol; 0.23 nlL) and D PEA
(3.11 mol; 0.54 inL). Stir 15 mn and evaporate. Purify the residue on 120
g silica gel with DCMto 20% EA/DCMto provide the title conmpound (741 ny;
83%. M5 (ES): mz - 571 (MtH). 1O0Prepare the following internediates in a
manner simlar to that described in preparation 51. Preparation Conpound
Name MS (ES): nilz (MtH) 52

4-[142- (Benzyl oxycar bonyl - net hyl - am no) - et hyl1- 4- (4-
fluoro-3-trifluoronethyl-phenyl)-1Hi m dazol -2-y1]- piperidine-I|-carboxylic
acid tert-butyl ester 605 53 4-[1-((S)l-Benzyl oxycarbonyl -pyrroli

di n-2-yl nmet hyl ) -4-(3-

chl oro- 4-fl uoro-phenyl)-1H i m dazol - 2-y11- pi peri di ne-1- carboxylic acid
tert-butyl ester 597 54

4-[1- ((R) - 1- Benzyl pxyecar bbrﬁﬁgﬁmﬁ N ];"FF‘{,EP] ’.'32’%%%3) ieﬂf

(3-chl oro-4-fl uoro{phenyl] Imd car boxylic acid
tert- but y| ester 597 g 4-(1-(2- (Dlmethylammo)ethyl)-4-phenyl -1H-imidazol-2- Pré@par' ation 55
4- [ 142- ( Ben zyI oxyca pmnyl et ylll)g.llliendmsvl-qarb‘oxyllmmd,t.erhwtylnster( 34l di

fl uoro-phenyl)-1H i m dazol 152-yl | - pi peri di ne- 1-car boxyl ic acid tert-butyl
ester Charge 41142-(benzyl - net hyl - afienedn Bt hyl | - 4- (3, 4-di f | uor o- phenyl) - 1H
4-[4-(3,4-Difluoro-phenyl)-1-(2-dimethylamino-ethyl)-1H-imidazol-2-yl]-piperidine-1-

5 carboxylic acid fert-butyl ester

Add 4-[4-(3,4-difluoro-phenyl)-1H-imidazol-2-yl]-piperidine-1-carboxylic acid
tert-butyl ester (500 mg; 1.38 mmol) to a solution of NaH (110 mg; 2.76 mmol) in
DMSO (50 mL}) at 0 °C, and stir for 1 h at RT. Add (N,N-dimethyl) ethyl chloride

10 hydrochloride (238 mg; 1.65 mmol) to the resulting mixture and allow to stir at RT for 18
h. Monitor the reaction by thin layer chromatography (TLC). Quench the reaction
mixture with ice water and extract with EA. Separate the organic layer, wash twice with
brine (2 x 50 mL), dry over anhydrous Na,SO4 and evaporate under reduced pressure.
Purify the residue by column chromatography on silica gel (60/120 mesh) using DCM:

15 Methanol (98:2) as eluent to give 0.5 g (86%) of the title compound. LCMS = 484(M+H).

Prepare the following intermediate in a manner similar to that described in

preparation 19:

MS(ES):
Preparation Compound Name
m/z (M+H)
20 4-[4-(3,4-Difluoro-phenyl)-1-(2-(pyrrolidin-1-yl)ethyl)-1H- 462
imidazol-2-yl]piperidine-1-carboxylic acid fert-butyl ester

20 Preparation 21
4-{4-(3-Chloro-4-fluoro-phenyl)-1-[2-(tetrahydro-pyran-2-yloxy)-ethyl]- |H-imidazol-2-

yl}-piperidine- 1-carboxylic acid fers-butyl ester

Dissolve 4-[4-(3-chloro-4-fluoro-phenyl)-1H-imidazol-2-yl]-piperidine-1-
25  carboxylic acid ferr-butyl ester (5.29 g; 13.93 mmol); powdered KOH (111.46 mmol;
6.95 g) in DMSOQ (69 mL) and heat to 40 °C for 10 min. Add 2-(2-



i m dazol -2-y11-pi peridine-Il-carboxylic acid tert-butyl ester (1.8 g; 0.0035
nol; 1.0 equiv) in ACN (40 nlL) under nitrogen and add benzyl chl oroformate
drop W sewato®/86563ti r the 20 reaction for 30 mn and bPCm@St@IBdz2®Gt i r at
RT for 1.5 h. After conpletion, quench the reaction with saturated sodi um
bi carbonate solution and extract in EA. Wash wth water and brine, dry over
anhydrous sodium sul fate and evaporate off the solvent under vacuum Purify
on silica colum using 15% EA/ hexane to get the title conpound (1.6 g; 82
%. (ESt+): mz = 555 (MtH). 36 Preparation 55a (R)-Benzyl
24(2-(1-(tert-butoxycarbonyfl pi peridin-4-yl)-4-(4-fluoro-3-(trifluoronethyl
) phenyl)-1Hi m dazol - 1-yl ) met hyl ) pi peri di ne-1-carboxylate 5

Di ssolve (R)

4- (14( 1- benzyl pi peridi n-2-ypnet hyl )-4-(4-fluoro-3-trifluoronethyl

phenyl ) - 1Hi m dazol - 2- yppi peri di ne- 1-garboxylic acid ter-butyl ester (3.0
g, 0.005 nol, 1.0 eq) in toluene (15 nL) and add benzyl chloroformate (8.5
m., 50%in toluene, 0.025 10 nol, 5.0 en) at OC under nitrogen atnosphere.
Stir the reaction mass at Rl for 16 h. After conpletion, quench the
reaction mass wit h BRGNS Sget tRmrn Earporirid reurat Hro 4fd extract in EA (3
X 100 L) and wash e 30ming epaliard difuig v EA il vap vifr @Y ek sargsedioditit bi car bonat e
solution (3 x 50 rmriYicarkpret}. bee.yiry eyerdeSOa fillspeiicereste Podi oy silitakdivik, Concentrat e
under reduced pressuio& EGNREM priovidf dye tidepepogd (6A48 & QTIPS FRX01908si | | ca gel (100- 200
mesh) 15 col um usi mgm2. 5% acet one-DCM as eluent to get 2.6 g (81% of the
title conpound as greenish-yellow gumy liquid. (ESt+): m z= 645 (M+H).
Prepare the foll ow ng pdhehdiBingh@mddte ifa kRE Bifr ShafWshiBkiint O t hat described in
preparation 55a: Pr@a?@,ﬁgll on Compound Name MS (ES): mlz (MtH) 55b

(S) - Benzyl 2-((2-( = \t et-tbut oxycar bunyl ) pl pert eh——4 ”M’IS)(E_S'){I?_
(4-fluoro-3-(trifl (oreamiet hyl ) pheny 10pmpbiid Nedazol - 1- m/z +H)
yl) et hyl ) pi peri di naration 88" 137

2P <3< -phenyl)-1-2Xtetrahydro- |
pyran-2-yloxy)-ethyl]-1H-imidazol-2-y1}-piperidine-1- 542
carboxylic acid fers-butyl ester

Preparation 23
4-[4-(3-Chloro-4-fluoro-phenyl)-1-(2-hydroxy-ethyl)- 1 H-imidazol-2-yl]-piperidine-1-

carboxylic acid tert-butyl ester

15 Dissolve 4- {4-(3-chloro-4-fluoro-phenyl)-1-[2-(tetrahydro-pyran-2-yloxy)-ethyl]-
1H-imidazol-2-yl}-piperidine- 1-carboxylic acid fert-butyl ester (6.85 g; 13.48 mmol) in
THF (200 mL) and add 1M aqueous hydrogen chloride (20 mL) and stir 18 h at RT.
Dilute with EA, wash with saturated sodium bicarbonate, brine, dry with anhydrous
MgSO.,, filter, and evaporate. Purify the residue on 330 g silica gel with 2:1 DCM/EA to

20  provide the title compound (5.07 g; 8% %) as a white crystalline solid. MS (ES): m/z =
424 (M+H).

Prepare the following intermediates in a manner similar to that described in

preparation 23;

MS (ES):

Preparation Compound Name
m/z (M+H)

4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-1-(2-hydroxy-
24 ethyl)-1H-imidazol-2-yl]-piperidine-1-carboxylic acid rert- 458
butyl ester




441- (1

- Benzyl oxycar bonyl - pyrrolidin-2-yl methyl)-4-(4-fluoro-3-trifluoronethyl-
phenyl) - Woi2modaassh- 2- y11- pi peri di ne- 1-carboxylic acid tremtoshawpb3oest er | n
a dry round bottom flask, charge

444- (4-fluoro-3-trifluoronethyl -phenyl)-1H

5i m dazol - 2-yl i -pi peridine-1-carboxylic acid ter:-butyl ester (1.5 g;
0.0036 nol; 1.0 equiv) in dry DM (30 m) and cool to O C. Add NaH (0. 26 g;
0.011 rnol; 3.0 equiv) in portions under nitrogen and stir at RT for 30 mn.
Add 2-(tol uene-4-sul fonyl oxynethyl)- pyrrolidine-1 -carboxylic acid benzyl
ester (2.46 g; 0.0072 nol; 2.0 equiv) at RT and heat at 40 C overnight.
Quench with cold water and extract in EA. Wash the organic |layer 10 with
wat er and brine. Dry over anhydrous sodium sul fate and concentrate. Purify
the crude residue on silica (100-200 ngsh) with 10 to 20 % EA/ hexanes to
give the title conpound (1.14 g; 51.6 %9. (ES+): mz = 631 (MH).

Prepare thc following intcrncdiatc in a manner simlar to that described in
15preparati on 56: Preparation 3Corfrlt)ound_)l\l%rg‘sii;?
4-[1-(1-Benzyl oxycar b@ﬁnyl o B 3,48
di fl uorophenyl) - 1HTm dazot z;pfpil]]plgen lnegr%zgfllflaéldﬁyc)élre%cb yiTcT acid tert-butyl
ester Reference Preparation 58

4-[1- (2- Benzyl oxycar bonyl am no- et hy|Pjepadiiof 8- chl or o- 4- f | uor o- phenyl) - 1H-i m da
zol - 2-y1] - pi peri di nep-clnersambepyiin162- mbindulbmby-cdpinihicesi-@r 20 Di ssol ve
4-11-(2-am no- et hyl) - 4- ( 3- chl ggMmdr-Ebsias e PhRNYE) - 1H- i i dazol - 2-y1] -

pi peridine-l-carboxylic acid tert-butyl ester (0.94 mml; 396.7 ng) in DCM
(20 nmL) and add DI PEA §uiper 4-[410¥rtidro-4-fQor@PBeny il Y2-tadmal-dh@riBynidagltlydr of or mat e (0. 94
mrol ; 0.14 nlL). Sti fireride-IFchridxyberack rvaeesiti(tong: St whodin@TEASObinN bi car bonat e, dry
over MgSOM4, filter sl iZicMesoapQddadosn ice Rl Adi Wetiands@ronyfkflori@e (8B4 i ca gel with 0-40%
EA/DCM to provi de tfestidl &peiepo b th (2 2o afiionalthd WuenctMim (ES) 1 nfz = 557

(M+H) . Pr epar Gudidd @aifxkcl e, 39 ovb: MR, BRChASrat BprRial RANEr sim lar to that

described in refer eggpgmp(ggpg[()@%lapaqwﬁgds ES;S;;,ZP;OQQQ,[ ation Conpound Nane 59
4-[1-(2- Benzyl oxycar bonyl am no- et hyl) 1(1 uoro 3-trifluoronethyl -

phenyl) - 1H i m dazol - 2- ¥rl -pi.peridi ne-1- car box ci.d tert-butyl ester

owing mnterme: 1ates in a manner sl ar tO that %scnbed in

15  preparation 26:

MS (ES):

Preparation Compound Name
m/z (M+H)

4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-1-(2-
27 methanesulfonyloxy-ethyl)-1H-imidazol-2-yl]-piperidine-1- 536
carboxylic acid fer-butyl ester
4-[4-(3,4-Difluoro-phenyl)-1-(2-methanesulfonyloxy-
28 ethyl)-1H-imidazol-2-yl]-piperidine-1-carboxylic acid zerr- 486
butyl ester

Preparation 29
4-{4-(4-Fluoro-3-trifluoromethyl-phenyl)- 1-[2-((R)-2-hydroxymethyl-pyrrolidin-1-yl)-
20 ethyl]- 1H-imidazol-2-yl}-piperidine-1-carboxylic acid fers-butyl ester

Add 4-[4-(4-fluoro-3-trifluoromethyl-phenyl)-1-(2-methanesulfonyloxy-ethyl)-
1H-imidazol-2-yl]-piperidine- 1-carboxylic acid ferz-butyl ester (500 mg; 1 equiv; 933
umol); D-prolinol (3.00 equiv; 2.80 mmol; 283 mg); DMF (1 mL) and heat at 50 °C for

25 18 hin asealed vessel. Dilute with EA, wash with saturated sodium bicarbonate, brine,



Ref erence Preparation 60

444- ( 3- Chl or 0- 4-f | uor o- phenyl) - 1- cyanonet hyl

-1H-i m dazol

0. 45

| - 5car bweybionsesdd tert-butyl ester

-chl oro-4-fl uoro-phenyl)- 1Him dazol-2-yl1l]-p iperidine-1-
tert-butyl ester (2.55 mmol; 969 ng),

nmmol ; 82 ng), 50 Wt % aqg sodi um hydr oxi de (8.42 nmmol ;

10 m.). Add bronpacetonitrile (5.11 mol;

sodi um chl ori de sol uti on,
150 g silica gel

76% . MS (ES): mz = 419

dry over MgSH4,

(M+H) .

0.36 nlL) dropw se over
Stir 45 mn and dilute with DCM wash with brine,
filter and evaporate.
with 20% EA/DCM to provide the title conpound (812 ny;

15Prepare the following internediate in a

-2-y1l] - pi peridi ne-
Conbi ne 4- [ 2€[81S2009/063020

carboxylic acid

tetra- N-butyl ammoni um brom de (0. 26

m.) and DCM (25
10 mm

50% sat ur at ed aqueous

Purify over

manner simlar to that described in reference preparation 60: Preparation

Conmpound Name 61

4- (1- (Cyanonet hyl ) -4-(4-fl uoro- 3- (trlfluoro net hyl ) phenyl) - 1H i m dazol -

2-yfl pi peridine-1-carboxylic acid tert-butyl
62

441- ( 2- Ani no- et hy| ) &MepRB.AEpgadpugt of 4 piispgelgithinE PP Peidefiez ol
car boxyl i ¢ actiglopreyrd C% e+ mag dP*IDMEEYY): fre= 341 MAH).
444- ( 3-chl oro- 4-fl uor o- phenyl) - 1- cyanomet hyl- 1H i m dazol

ne- 1-

ester

25pi peri di ne- | - car boxy Prpare teddllghing @rinedilgey iny ran@ssiméar to (19 de@dbedimp|

net hanol

(20 nl).5 Aggainckel

di chl oride (1.03 mml;

t et rahydr oborate (

bet ween wat er / DCM

Rinse solids with

and evaporate. Dis$ol ¥ t
|gh ("al

E
Still md

717 ) portion-w Se.
20 mMm ﬂ““UéP“I'“tee(r)

Ao OV LI A

QAT
m3 Qe+

Fa¥ B S

20Ref erence Preparation

-2-yl] - pi peridi

_2_y1] -
392.9 ng) in
135 ng). Add sodium

e and partition
rand filter.

8.8 Tmpl;
afieparatop ‘r i
' T e R o pent B ottt 1

henem&mxrdueyllnmmm }’M\rﬁﬁﬁ'ﬂme

MpSH, filter throt
(498 ng; 125% . MS|(ES):

89

1)-1-[2- lsopropy -m -
indj 1} -piperidine-1 c:zurboxyln!D f
'r(acuttdrmttylduerqrrl bed i

N
VeEuUTrT

epas e

0 organic | ayer
dry over

wi h brine,
q—de—t—hle title conpound

t he foll ow ng

internediate in a mnner lsiml ar n_5ref efrence
. ) 1 -3-
preparation 62: Prepasat i oaﬂﬁhﬁgmﬁ%ﬁamimmmm (dH)| 63
4- ( 1- ( 2- Am noet hy| -4- ( 4-f oxylic acid tert-butyl ester
trifluoromethyl)phen 1 Hé-! fpj§ming-ct ?e‘#OOdﬂ cas boxylic acid
( b | y ) P ¥31) phenyl) ﬁH 1&521201 2-yl]-piperidine-1-carboxylic amd ‘95 y
tert-but y ester tert-butyl ester
4-{4-(3-Chloro-4-fluoro-phenyl)-1-[2-(ethyl-isopropyl-
34 amino)-ethyl]-1H-imidazol-2-y13-piperidine-1-carboxylic 493
acid rerr-butyl ester
Preparation 35
4-[1-[2-(tert-Butyl-dimethyl-silanyloxy)-ethyl]-4-(3,4-difluoro-phenyl)-1H-imidazol-2-
10 yl]-piperidine-1-carboxylic acid fert-butyl ester
Combine 4-[4-(3 4-difluoro-phenyl)-1H-imidazol-2-yl]-piperidine-1-carboxylic
acid fert-butyl ester (10.0 g; 0.028 mol; 1.0 equiv), (2-bromo-ethoxy)-fert-butyl-dimethyl-
silane (13.16 g; 0.055 mol; 2.0 equiv), powdered KOH (7.72 g; 0.14 mol; 5.0 equiv) in
15  THF (100 mL) and stir at 40 °C for 16 h. Quench the reaction with water and extract with
EA. Evaporate to give the title compound (14.3 g, crude). MS (ES+): m/z = 522 (M+H)
Preparation 36
4-[4-(3,4-Difluoro-phenyl)-1-(2-hydroxy-ethyl)-1H-imidazol-2-yl]-piperidine-1-
20 carboxylic acid fert-butyl ester



457 Preparation 64 4-(4-Fluoro-3-(trifluoronethyl)phenyl)-1Him dazole
10Charge 2-brono-1-(4-fluoro-3-trifluoronethyl-phenyl)-ethanone (40.0 g;

0. 14 nol ;w0.201086568) and fonnam de (175 nl; 4.38 nol; 3PCI/USqu0M§3020 a
pressure vessel. Heat at 180 C for 3 h. Quench with saturated sodi um

bi carbonate solution and filter through Celitee. Extract with EA and wash
the organic layer with water and brine. Concentrate and purify on silica
colum with 0-10% MeOH EA to give the title conmpound. (15.2 g; 15 47.0 %.
(ES+): mz = 231 (MtH). Prepare the following internmediate in a
manner simlar to that described in preparation 64: Preparation Conpound
Name MS (ES): mz (MtH) 65 4-(3-Chl oro-4-fl uoro-phenyl)-1H i m dazol e 197
20Pr eparati on 66

{244- (3-Chl oro-4-fl uoro-phenyl)-imdazol - 1- A-et hyl }-di net hyl arni ne

Charge a round bottom flask with 4-(3-ghl oro-4-fluoro-phenyl)-1Him dazole
(1.85 g; 1.00 equiv; 9.41 mml), KOH (3.00 equiv; 28.23 nunol; 1.58 g,
crushed to a fine 25 powder), in DWVSO (281.56 mml; 20.00 nL). Add

2- di met hyl am noet hyl chloride 40 hydrochloride (1.20 equiv; 11.29 mol;
1.63 g) in one portion and the solution becones yellow Heat at 45 C for 2
days. Dilute the react FotirafilthteEpvbdthikaigpospictd-+idddero-rispd-ne and dry the
or gani cs over MySOAtH-ififapot-2el-pipeadire -ebrdient fatue! eteo(188s: 08P arigé oil . Purify the
crude wi th NCO chr onwd egbaphmenioveridd20Be; 0¢7age 04pMindaf cnmb)eldut i ng with a
gradient of 5 5 % MsQHTBCM Ccerlrde, YonduleRicdct OGN iiter a8d ckolacovith Eat € of 40 nL/mn to
give the title conpotpbiae e drgdOaye} o giéle i dile BoaLN (34 @ 2429 %) YMs @S- az+ 1 ght orange oi |l .
MS(ES): (mz) = 268s0@m{syiH) . Prepare the foll ow ng internedi ates
in a manner simlar to that described in 10 preparation 66: Preparation
Conpound Name MS(ES): (in/z) |IM1-1% 84,3

4-(3-Chloro-4-fl wor 9-(4@}%@1&!:9-@%{1)(1-%z'-[BX;';drrog-lez'hyqijEyl-aIn%cl,]-'ethyl}-1H-imidazol-

2-yl)-piperidine-1-carboxylic acid tert-butyl ester

Combine 4-[4-(3,4-difluoro-phenyl)-1-(2-methanesulfonyloxy-ethyl)-1H-
imidazol-2-yl]-piperidine- 1-carboxylic acid fers-butyl ester (3.0 g; 0.0061 mol;1.0 equiv),
15 2-methylamino-ethanol (1.48g; 0.031 mol; 5.0 equiv) in DMF (30 mL) and stir at 40-50
°C for 16 h. Quench with water and extract with diethyl ether. Evaporate the organic
layer, purify over 50 g silica gel with 0 to 10 % MeOH/DCM. Pool fractions to produce
the title compound (1.5 g; 52.2 %) MS (ES+): m/z = 465 (M+H).

20 Prepare the following intermediates in a manner similar to that described in

preparation 37:

MS (ES):

Preparation Compound Name
m/z (M+H)

4-(4-(3 4-Difluorophenyl)-1-(2-(3-hydroxypyrrolidin-1-
38 yl)ethyl)-1H-imidazol-2-yl)piperidine-1-carboxylic acid 47
tert-butyl ester
4-(1-(2-(3-(tert-Butyl-dimethyl-silanyloxy)azetidin- 1-
39 ylethyl)-4-(3,4-difluorophenyl)-1H-imidazol-2- 577
yl)piperidine-1-carboxylic acid zert-butyl ester

25 Preparation 40
Benzyl-(2-chloro-ethyl)-methylamine, hydrochloride



ethyl)-1H i m dazol e 294 68 4-(4-Fluoro-3-(trifluoromethyfl phenyl)-1-(2-
(pyrrolidin-1-ypethyl)-1Him dazole 328 69
2-(4- (4- AWoanw/Bex6Bri f | uor onet hyl ) phenyl) - 1H PCT/US2009/063020
i m dazol - 1-y1)-N, N-di net hyl et hanam ne 302 Preparation 70
414- ( 3- Chl or 0-4-f | uor o- phenyl ) - 1- (2- di net hyl am no-et hyl )-1Hi m dazol - 2-y1] -
4- hydroxy-piperidine-l-carboxylic acid tert-butyl ester 15 Di ssol ve
(214- (3-chl oro-4-fl uoro-phenyl)-im dazol - 1- A-et hyl | -di met hyl am ne (1. 00
equiv; 4.07 mol; 1.09 g) in anhydrous THF (15 ni; 184.33 nunol) and cool
the m xture to -78 C. Slowy add n-butyl lithium(1.40 equiv; 5.70 mmol;
3.56 nL) (1.6M Aldrich), and stir at -78 Cfor 30 nm then add a THF (10
m.) solution of N-t- 20 butoxycarbonyl-4-piperidone (1.20 equiv; 4.89 nmol;
973.43 ngy) dropw se over 10 min. After 20 mn, warmthe reaction to RT and
stir 3 h. Partition between EA and watzgr. Wash the organic layer with
brine, NaC aqg (50/50) and dry over MgSO4. Filter and concentrate. Purify
t he resi due by | SCO chromat ography over a Biotage 40M colum eluting with
100% DCM to 10% MeOH/ DCM to give 785 ng (41% of the title 25 conpound as a
white solid. ES(MB): (R™2iehrogegeploye EOpiq)M in dioygap), N-benzylN- prepnare the fol | owi ng
internedi ates in a TEritherlanie (9]-12 gpol ¢p). thiqnytchlefded B 24 tmeleP 3t MY 9 epar at i on 70:
Pr epar at i on Conpounldatm SW@( E@)/apor:(e[qddzr)sh t{ne[‘g@h{!s{)mde? gther, sonicate 15 min,
444- ( 3- Chl or 0- 4- f | ukerovash igraded Jry vhdeyvEuumyOPIoOde theditlgparipeuyd (10.75 g; 80 %).
ethyl)-1H i m dazd -#soEk k<4 shgamoxy- pi peri di ne-1- carboxylic acid tert-butyl
ester
Prepare the following intermediate in a manner similar to that described for
benzyl-(2-chloro-ethyl)-methylamine, hydrochloride from 1-phenylmethyl-(2R)-

pyrrolidinemethanol:
10
N MS (ES): m/z
Preparation Compound Name
(M+H)
41 (R)-1-Benzyl-2-chloromethyl-pyrrolidine hydrochloride 210

Preparation 41a
(R)-1-Benzyl-2-(bromomethyl)piperidine hydrochloride

N.
U\Br

Charge (R)-(1-benzylpiperidin-2-yl)methanol (30.0 g, 0.146 mol, ~1.0 eq., crude)
in 350 mL benzene and add a solution of phosphorus tribromide (20.6 mL, 0.219 mol, 1.5
20  eq) in benzene at 0°C under nitrogen atmosphere. Heat the reaction mass at 70°C for 16 h.
After completion of reaction, quench the reaction with saturated solution of sodium
carbonate (100 mL) and extract the compound in EA (3 x 100 mL). Wash the organic
layer with brine and dry over anhydrous sodium sulfate. Concentrate under reduced
pressure and dissolve the solid residue in diethyl ether. Filter the dissolved portion and
25  addslowly HCI(1.2 eq, 2 N in diethyl ether) and stir for 30 minutes at RT. Filter the
precipitated salt and wash with EA followed by hexane. Dry under high vacuum to get



493 72 4-(4-(4-Fluoro-3-(trifluoronethyl)phenyl)-1-(2- (pyrrolidin- 1 -y
Det hyl ) - 1H i m dazol - 2-y1) - 4- hydroxypi peridine-I-carboxylic acid tert-butyl
est er 52AW00M/585682- ( Di met hyl ami no) et hyl ) - 4- (4-f | uor o- B€T/US2009/063020
(trifluoromethyl)phenyl)-1Him dazol -2-y1l)-4- hydroxypi peridi ne-
1l-carboxylic acid tert-butyl ester 501 5 Preparation 74 444-
(3-Chl oro-4-fl uoro-phenyl)-1-(2-di nethyl am no-ethyl)-1H i m dazol -2
-yl | -piperidin- 4-01 di hydrochl ori de 10Di ssol ve
444- ( 3-chl or 0- 4-f | uor o- pheny1) - 1- ( 2- di net hyl am no-et hyl ) -1H
i m dazol - 2-y1] - 4- hydr oxy- pi peri di ne-1-carboxylic acid tert-butyl ester
(1.00 equiv; 1.68 mmol; 785.00 ng) in 5 nL DCM and sl oWy add hydrogen
chloride (24.00 nol; 6.00 nL of 4Min dioxane) at RT. After 5 min, the
sol uti on becones cloudy then an oily white solid cones out of solution. Add
2 inL methanol to get the solid back izg solution. 15 At 30 mn, HPLC shows
25% starting material. Add 1 nlL additional HCL solution. After total of 2 h
stirring at RT, concentrate under vacuum Re-dissolve in DCM and evaporate
under vacuumto a white solid; Dry the white solid in a vacuum oven at 45 C
to 900 ng of the tiPret@dtpatibromemdypyidne psipydpglodde sggMS®S): ( MrH) . 20Pr epare t he
fol | owi ng i nternedi 2Ac&82TPA*Y nanner sinmilar to that described in
preparation 74: Preparati on Conpound Nanme M5 (ES): niz (MH)

Prepare the following intermediate in a manner similar to that described in

5  preparation 41a:

MS (ES): m/z
(M+H)
41b (S)-1-Benzyl-2-(bromomethyl)piperidine hydrochloride 268, 270

Preparation Compound Name

Preparation 42
4-[1-[2-(Benzyl-methyl-amino)-ethyl]-4-(3-chloro-4-fluoro-phenyl)-1 H-imidazol-2-yl]-

10 piperidine-1-carboxylic acid zert-butyl ester

Add powdered KOH (283 mg; 5.05 mmol) and 4-[4-(3-chloro-4-fluoro-phenyl)-
1H-imidazol-2-yl]-piperidine-1-carboxylic acid fert-butyl ester (2.02 mmol; 768 mg) to
DMSO (6 mL). Then add benzyl-(2-chloro-ethyl)-methylamine hydrochloride (2.22

15  mmol; 0.49 mL) in one portion and heat to 40 °C for 18 h. Cool, dilute with DCM/water,
add brine and separate layers. Wash the organic phase with water, brine, dry over MgSQ,,
filter and evaporate. Purify on 120 g silica gel with 1 % MeOH/DCM to provide the title
compound (840.5 mg; 79 %). MS (ES): m/z = 527 (M+H).

20 Prepare the following intermediates in a manner similar to that described in
preparation 42:
N MS (ES):
Preparation Compound Name
m/z (M+H)

4-[1-[2-(Benzyl-methyl-amino)-ethyl]-4-(4-fluoro-3-
43 trifluoromethyl-phenyl)-1H-imidazol-2-yl]-piperidine-1- 561
carboxylic acid zert-butyl ester
4-[1-[2-(Benzyl-methyl-amino)-ethyl]-4-(3,4-difluoro-
phenyl)-1H-imidazol-2-yl]-piperidine-1-carboxylic acid s1
tert-butyl ester
4-[1-((5)-1-Benzyl-pyrrolidin-2-ylmethyl)-4-(3-chloro-4-
45 fluoro-phenyl)- 1H-imidazol-2-yl]-piperidine- 1-carboxylic 553
acid fert-butyl ester

44




42 Preparation Conpound Name M5 (ES): raiz (Mrll) 75

414- (3-Chl oro- 4-fl uor o- phenyl)-1-(2-pyrrolidin-I-yl-

et hyl ) - 1FvOnhoaBs6es632- y11- pi peri di n-4-ol di hydrochl ori deC3a32@9/063020
4-(4-(4-Fluoro-3-(trifluoronethyl)phenyO-1-(2-(pyrrolidin-
1-yl)ethyl)-1Hi m dazol - 2- yppi peri di n-4-ol di hydrochl oride 427 77
4-(1-(2- (D net hyl am no) et hyl )-4-(4-fl uoro- 3-
(trifluoromethyl)phenyl)-1H i m dazol -2-yl)pi peridin-4-ol dihydrochloride
401 Preparation 78

2- (4-(4-Chl orophenyl)-2-(piperidin-4-yl1l)-1Him dazol -1-y1)-N, N-di net hyl et ha
nam ne tris 5hydrochloride A 4-(1-(2-(Te

t rahydr o- 2H pyran- 2-yl oxy) et hyl )-1H i m dazol - 2-yf| pi peri di ne-1- carboxylic
acid tert-butyl ester: Add 4-(1Himdazol-2-y1)-piperidine-I|-carboxylic
acid tert-butyl ester (40 g; 0.16 10 nggl; 1.0 equiv), powdered KOH (35.68;
0.64 nol; 4.0 equiv), 2-(2-brono-ethoxy)- tetrahydropyran (66.2 g; 0.32
nol; 2.0 equiv) to DVMBO (250 inL) and stir at RT for 2 h. Quench the
reaction with water_and extract with EA. Evaporate the organic |ayer to
give the title compayitk 58 9; 97 compbtBName MS (ES):
4- (4, 5-Di brono-1- (2- (tetrahydro-2H pyran- 2-yl oxy) et hys MR- | m dazol - 2-
yppi peri di ne- 1- car boxyl i c| &0iR)-1-Besykpyivlisimpiyimetgh-£@-chioro-4- %gd 4-

(112- (tetrahydr o- pyr an- 2- y OV EEHYETE A RERPR G E2BYY 24 y 1

-pi peridine-lcarboxylic acid tert-butyl ester (58.2 g, 0.15 nol; 1.0 equiv)
in DCM (500 nL) and cool to -10 C @ddi—pronDsuccininide (54.6 g; 0.31
mol : 2.0 equiv) and allow the reactign 99°to come to RT. Quench the
reaction with water SHd"EEPARRENREPRPA TRy AP8Parey ¥HE B gani ¢ 1ayer to

g| ve the title ¢ Osn‘pound (78.nzdag)}-z-ygwe%le:-l-carboxyllc acid fert-butyl ester

To a solution of 4-[4-(4-fluoro-3-trifluoromethyl-phenyl)- 1H-imidazol-2-y1]-

piperidine-1-carboxylic acid fert-butyl ester (4.5 g, 0.011mol, 1.0 eq) in DMSO (100 mL)

10 and add powdered KOH (3.0 g, 0.055 mol, 5.0 eq) at RT under nitrogen atmosphere and
stir for 30 minutes. To the resulting solution add (R)-1-benzyl-2-(bromomethyl)piperidine
hydrochloride (5.0 g, 0.0165 mol, 1.5 eq) and stir the reaction mass at RT for 16 h. After
completion, dilute the reaction with water (100 mL) and extract the compound in EA (3 x
100 mL). Wash the organic layer with brine (2 x 50 mL) and dry over anhydrous sodium

15 sulfate. Concentrate the organic layer under reduced pressure and purify on silica (100-
200 mesh) using 2% acetone — DCM to get 3.0 g (46%) of the title compound. (ES+):
m/z= 601 (M+H).

Prepare the following intermediate in a manner similar to that described in

20  preparation 46a:



C

4- (4-Bronp- 1- (2-(tetrahydro-2H pyran-2-yl oxy) et hyl)-1Hi m dazol - 2-yl ) pi per
di ne- 1- caokowydssisdaci d tert-butyl ester: 43 Add 2€T/US2009/063020

{4, 5-di brono- 142- (t et r ahydr o- pyr an- 2-yl oxy) -et hy11- 1H i m dazol - 2-y1} -

pi peridi ne-1-carboxylic acid tert-butyl ester (39.0 g; 0.073 nol; 1.0
equiv) to THF (600 nL) and cool to -78C under an argon atnosphere. Add
n-BuLi solution (1.6 Min cycl ohexane) (53.7 niL; 0.087 nol; 1.2 equivV)
drop-wise in 1 h and allowto cone to -30 5 Cin 2 h. Quench the reaction
w th saturated amoni um chl oride solution and extract with EA. Evaporate
the organic layer and purify the residue with silica gel chromatography to
give the title conpound (13.2 g; 399%. D

4- (4- Brono- 1- ( 2- hydr oxyet hyl ) - 1H—inidazol-2-priperidine-l-carboxylic aci d
tert10butyl ester: Add 4-

{4-Dbrono-142- (tetrahydro-pyran- 2- onxy) ethyll- 1H i m dazol - 2-y1}-

pi peri di ne-1-carboxylic acid tert-butyl ester (13.2 g; 0.029 nol; 1.0
equiv) , p-toluene sul phonic acid (6.5 g; 0.034 nol; 1.2 equiv) to nethanol
(200 nL) and stir @b RBlfr 30 mn.cConaRRkLrate and pdt®tijon between
saturated NaHCO3 aqueous jand EA. Evaporate 15t he orgam:®Hayer to give the
title conpound (10{0 g. 3(&@0«1m@qmmaMmzymmmwyu4mmm3 sl
4-(4-Bronn-1-(2-(nethy?sulfonyh &Eﬁ ﬂﬁﬂjﬂﬁfﬁiﬁ%ﬁg;ol-Z yQpji peri di ne- 1-carb
oxylic acid tert-butyl ester: Add
- brono- 1- (2- hydr oxy-et hyl ) - 1FL|n1da oI %1Fp i peridine-I|-carboxylic 20
acid tert-butyl ester (10.0 g; 0.02 oI 1. equi v TEA (11.6 tnL; 0.080
mol ; 3.0 equiv) to b&@rc(“i‘st‘)ﬂ“f’fﬂs"“éhldz BEYp- 8‘% *t“"““ﬁf:a TEPEE W se nesyl
chloride (2.6 ni:>0.032 nol: 1.2° @ﬁﬁ?ﬂf”ﬁﬁﬂ”%@]r for 30 mm Quench the

reaction with saturateg Na ﬁ%? aguepus trac ggwl Evaporate the
solve 4 met ammo e chloro-4 oro enyl)
organi c |ayer to give fhe LO] s .
"d?dézd?mb %;m peri di ne- 1- car boxy

4- (4- Br ono- 1- ( 2- (du'ﬁﬁ%%z%z’(”e{’r’ﬁ““‘% é"f"ﬁ"““ °"‘ff-IP
lic acid tert-but yl na@@aﬂeéefhammﬁg N N’-te amethyl (0.044 mmol; 9.4 mg) in 1,2-dichloroethane

444- br ono- 1- ( 2- mt hBRES TP Y P ingisr Pt A I-jhlopapylicierofrarsiest 4 2mgl P8 pi peri di ne- 1-
carboxylic acid ter®Wiwpislovesppiao! nfingeivpa qglorlesgsolgripm stipy pin; thgn rgpoxe qui v) ,  di et hyl
am ne (40% aqueous s prdhetio 70 Zor ? i Cool (gRTHE evarpipts. DEsolgr theggifia) i n ACN (100 nl)
and stir at 100C f oneth@bi(20 BO anDpn @ e foetd @in, cgueerdiisiolahcregot | on Wi t h sat ur at ed
NaHCO3 sol uti on andp@x¥aEhat sodivin bikirbdne, britsOFC @b @ tfiger, bviveratas paitel ¢ | ayer; purify
over a silica gehs ceditnphdida dgAbdug Xame: A-6 sgioed).t he titl e conpound (7. 5g;
83.33%. 44 G

4- (4~ (4- Chl or opheny1) - dehnelsli MR hbMlAT R ARG M ) mab bsciviifaz ol - 2- y1) pi per i

di ne-1- carboxylic @&kgm.prt butyl ester: Add 4- [4-Dbrono-1-(2-dinethyl

am no-et hyl)-1H i m—dazet—2—yHptperidi—ret+—5¢a h'““'i:c acid
tert-butyl ester ( h&mgpno 0024 no|Compbun@NmEUI V) , 4-chpp&8HPhenyl bor oni c
acid (0.58 g; 0.008Z ol "_\ equi ) 3M Na2CO3 sol (10. 79 g; 0.0074

mol ; 3.0 equiv) to|ethano| (&L “’E ‘ﬂﬁl@%ﬁﬁf& iqL) angdi delgas the reaction
wi th argon. Add Pd(PPh3)4| ( fgg &frbox ﬁ@@@wman} 0.1 pquiv) fand m crowave at
110C for 20 mn. Ag¢d an GPro ) d.| Add sat urated
NaHCO3 aqueous and efoéc q;wTIETU“ﬁéfpﬂgﬁmecg?%mmﬁ ofgﬁnic | ayer, and
purify the residue over a SH4-B-ClgorogiehoropBnyUHIAR)- Waytrdiidin P t ngj In DCMto give
the title COprOUﬂd (0 o] g yhee'(hﬂdlé,mdazol %ljtsllizgl-me 1-carboxylic acid
2- (4- (4-Chl orophenyI)y-2-(pi peridin-4-yl)- IHim dazol - I-yI)- N, N-di net hyl et ha
nam ne tris hydr&chl oride: 15Add 4M HC1 in 1,4-dioxane (2 rnL) to

414- (4- chl or o- phenyl) - 1- ( 2- Preparation 51

di met hyl am no-et hyl)-1Hi m dazol - 2-y1] - pi peri di ne-1-carboxylic acid
tert-butyl ester (0.8 g; 0.0018 nol; 1.0 equiv) , in DCMand stir at RT for
6 h. Concentrate the reaction, crystallize fromdiethyl ether and filter to
get the title conpound (0.6 g; 74.07 %9. M5 (ES+): rn/z = 333 (MtH) 20
Prepare the following internediates in a manner simlar to that described
in the preparation of

2-(4-(4-chl orophenyl)-2-(piperidin-4-yl1l)-1Him dazol -1-y1)-N, Ndi et hyl et han
amne tris hydrochloride k through to H : Preparation




Conpound Nanme M5 (ES+): mz 79 24443 -Chl orophenyl)-2-(piperidin-4-yl)-1Hi
m dazol - 1- y1)-N, N-di net hyl edi anam ne tris hydrochl ori de 333 (mtH) 80
N, N- Di metwoRoRy/o52368pi peri di n-4-y1)-4-(3- PCT/US2009/063020
(trifluoronethyl)phenyl)-1H i m dazol - 1-yDet hanam ne tris hydrochl oride
367(MrH) 81 3-(1-(2-(D met hyl am no)ethyl)-2-(piperidin-4-yl)-1H

i m dazol -4-yl)benzonitrile Iris hydrochl oride 324 82

2- (4- (4-Fl uorophenyl)-2-(piperidin-4-yl)-1Him dazol-1

yl')-N, N-di net hyl et hanam ne di hydrochl oride 317 45 Preparation 83

[ 4- (3-Chl oro-4-fluoro-phenyl)-2-piperidin-4-yl-imdazol-1-yl]-acetonitrile
bis trifluoroacetate 5D ssol ve

444- ( 3-chl oro- 4-fl uor o- phenyl) - 1- cyanonet hyl- 1H i m dazol - 2-y11- pi peri di ne-
1 -carboxylic acid ten-butyl ester (399 ng; 0.95 mml) in TFA (10 nl), stir
15 mn and evaporate to provide the tigkle conpound (607 ng; 110%. MS (ES):
mz = 319 (MtH). 10Preparation 84

{244- ( 3- Chl or 0- 4-f | uor o- pheny1) - 2- pi peri di n-4-yl -i m dazol - 1-yl1-et hyl | -di e

t hyl -am ne di hydrochl ori de
4-[1-[2-(Benzyloxycarbonyl-methyl-amino)-ethyl]-4-(3-chloro-4-fluoro-phenyl)- 1 H-

imidazol-2-yl]-piperidine-1-carboxylic acid fers-butyl ester

Dissolve 4-[4-(3-chloro-4-fluoro-phenyl)-1-(2-methylamino-ethyl)-1H-imidazol-
5 2-yl]-piperidine-1-carboxylic acid fers-butyl ester (1.56 mmol; 680 mg) in DCM (10 mL)
and add benzy] chloroformate (1.56 mmol; 0.23 mL) and DIPEA (3.11 mmol; 0.54 mL).
Stir 15 min and evaporate. Punfy the residue on 120 g silica gel with DCM to 20%
EA/DCM to provide the title compound (741 mg; 83%). MS (ES): m/z = 571 (M+H).

10 Prepare the following intermediates in a manner similar to that described in

preparation 51:

MS (ES):

Preparation Compound Name
m/z (M+H)

4-[1-[2-(Benzyloxycarbonyl-methyl-amino)-cthyl])-4-(4-

52 fluoro-3-trifluoromethyl-phenyl)-1H-imidazol-2-yl]- 605
piperidine- 1-carboxylic acid zers-butyl ester

4-[1-((S)-1-Benzyloxycarbonyl-pymolidin-2-ylmethyl)-4-(3-

53 chloro-4-fluoro-phenyl)-1H-imidazol-2-yl]-piperidine-1- 597
carboxylic acid zerz-butyl ester
54 4-[1-((R)-1-Benzyloxycarbonyl-pyrrolidin-2-ylmethyl)-4-

(3-chloro-4-fluoro-phenyl)-1H-imidazol-2-yl]-piperidine-1- 597
carboxylic acid tert-butyl ester

Preparation 55
4-[1-[2-(Benzyloxycarbonyl-methyl-amino)-ethyl]-4-(3,4-difluoro-phenyl)- 1H-imidazol-
15 2-yl]-piperidine-1-carboxylic acid tert-butyl ester

Charge 4-[1-[2-(benzyl-methyl-amino)-ethyl]-4-(3,4-difluoro-phenyl)-1H-
imidazol-2-yl]-piperidine- 1-carboxylic acid zert-butyl ester (1.8 g; 0.0035 mol; 1.0 equiv)
in ACN (40 mL) under nitrogen and add benzyl chloroformate drop wise at 0 °C. Stir the

20  reaction for 30 min and bring to RT. Stir at RT for 1.5 h. After completion, quench the
reaction with saturated sodium bicarbonate solution and extract in EA. Wash with water
and brine, dry over anhydrous sodium sulfate and evaporate off the solvent under
vacuum. Purify on silica column using 15% EA/hexane to get the title compound (1.6 g;
82 %). (ESH): m/z = 555 (M+H).



Di ssol ve 4-(4-(3-chloro-4-fluorophenyl)-1-(2-(dinethylam no)ethyl)-1H
15i rni dazol - 2-yl ) pi peri di ne-1-carboxylic acid tert-butyl ester (194 ny;
0. 43 nmmolwoi2n10B&k8665 nl) and net hanol (3 ml) and add 4 RChy$e@gessoehl ori de
in dioxane (5 nL; 20 mml). Stir 30 mn and evaporate; add DCM MeOH and
evaporate under vacuumto provide the title conpound (245 ng) as a white
solid. M5 (ES): mlz = 351 (MtH). 20Prepare the following internediates in a
manner simlar to that described in preparation 84:. Preparation Conpound
Nane M5(ES): niz (M-H) 85
{244- (4-Fluoro-3-trifluoronethyl - phenyl)-2-pi peridin-4-
yl -im dazol -1-yl | -ethyl }-di met hyl -am ne di hydrochl ori de 385 86
414-(3-Chl oro-4-fl uoro-phenyl)-1-(2-pyrrolidin-I-yl-
et hyl)-1H i m dazol - 2-y11- pi peri di ne di hydrochl oride 376 87
444- (4-Fluoro-3-trifluoronethyl - phenylzy-1-(2-pyrrolidin-
1-yl -ethyl)-1Hi m dazol - 2-yl | - pi peri di ne di hydrochl ori de 411 88
(244-(4-Fluoro-3-trifluoronethyl -phenyl)-2-piperidin-4-
yl -im dazol -1-y1] -1, 1-di net hyl -et hyl } -di net hyl -am ne Iris hydrochl oride 413
89 4-(4-(3,4-Difluorophenyl)-1-(2-(pyrrolidin-I-yl)ethyl)-1H
i m dazol -2-yl ) pi peridine tris hydro&kreeige

(R)-Benzyl 2-((2-(1-(tert-butoxycarbonyl)piperidin-4-y1)-4-(4-fluoro-3-(trifluoromethyl)

phenyl)-1H-imidazol-1-yl)methyl)piperidine-1-carboxylate

F

N/Cbz F

NE/SN
N

OA\O\K
Dissolve (R) 4-(1-((1-benzylpiperidin-2-yl)methyl)-4-(4-fluoro-3-trifluoromethyl
phenyl)-1H-imidazol-2-yl)piperidine- 1-carboxylic acid fert-butyl ester (3.0 g, 0.005 mol,
1.0 eq) in toluene (15 mL) and add benzyl chloroformate (8.5 mL, 50% in toluene, 0.025
10  mol, 5.0 eq) at 0°C under nitrogen atmosphere. Stir the reaction mass at RT for 16 h.
After completion, quench the reaction mass with aqueous sodium bicarbonate solution
and extract in EA (3 x 100 mL) and wash the organic layer with aqueous sodium
bicarbonate solution (3 x 50 mL) and dry over anhydrous sodium sulfate. Concentrate
under reduced pressure and purify the crude compound on silica gel (100-200 mesh)
15 column using 2.5% acetone-DCM as eluent to get 2.6 g (81%) of the title compound as
greenish-yellow gummy liquid. (ES+): m/z= 645 (M+H).

Prepare the following intermediate in a manner similar to that described in

preparation 55a:

MS (ES):

Preparation Compound Name
m/7 (M+H)

(S)-Benzyl 2-((2-(1-(tert-butoxycarbonyl)piperidin-4-yl)-4-
55b (4-fluoro-3-(trifluoromethyl)phenyl)- |H-imidazol-1- 645
yl)methyl)piperidine-1-carboxylate

20

Preparation 56



361 46 90 Benzyl 2-(4-(4-fluoro-3-(trifluoronethyl)phenyl)-2-
(piperidin-4-yl)-1Him dazol - | -yl)ethyl carbamate hydrochl oride 491 91
{244- ( 3- GNDanw/0s6F6Buor o- phenyl) - 2- pi peri di n-4-yl - i m darorAB2¢020em2hy| }
-nmet hyl -carbam ¢ acid benzyl ester tris hydrochloride 471 92
{2-[4-(3,4-D fluoro-phenyl)-2-piperidin-4-yl-imdazol - 1-
yl ]-ethyl}-nethyl-carbam c acid benzyl ester tris hydrochloride 455 93
(S)-244-(3-Chl oro-4-fluoro-phenyl)-2-piperidin-4-yl -
i m dazol - 1-yl met hyl] - pyrrolidine-1-carboxylic acid benzyl ester bis
hydrochl ori de 497 94 (R)-244-(3-Chloro-4-fluoro-phenyl)-2-piperidin-4-yl-
I m dazol - 1-yl met hyl] - pyrrolidi ne-1-carboxylic acid benzyl ester tris
hydr ochl ori de 497 95
244- (4-Fluoro-3-trifluoronethyl - phenyl) - 2-pi peri di n-4-yl -

37

4-[1-(1-Benzyloxycarbonyl-pyrrolidin-2-ylmethyl)-4-(4-fluoro-3-trifluoromethyl-
phenyl)-1H-imidazol-2-yl]-piperidine-1-carboxylic acid tert-butyl ester

In a dry round bottom flask, charge 4-[4-(4-fluoro-3-trifluoromethyl-phenyl)-1H-

5 imidazol-2-yl]-piperidine-1-carboxylic acid fers-butyl ester (1.5 g; 0.0036 mol; 1.0 equiv)
in dry DMF (30 mL) and cool to 0 °C. Add NaH (0.26 g; 0.011 mol; 3.0 equiv) in
portions under nitrogen and stir at RT for 30 min. Add 2-(toluene-4-sulfonyloxymethyl)-
pymolidine-1-carboxylic acid benzyl ester (2.46 g; 0.0072 mol; 2.0 equiv) at RT and heat
at 40 °C overnight. Quench with cold water and extract in EA. Wash the organic layer

10 with water and brine. Dry over anhydrous sodium sulfate and concentrate. Purify the

crude residue on silica (100-200 mesh) with 10 to 20 % EA/hexanes to give the title
compound (1.14 g; 51.6 %). (ES+): m/z = 631 (M+H).

Preparc the following intcrmediatc in a manncr similar to that described in

15  preparation 56:

Preparation Compound Name

4-[1-(1-Benzyloxycarbonyl-pyrrolidin-2-yl-methyl)-4-(3,4-
57 difluorophenyl)-1H-imidazol-2-yl]-piperidine-1-carboxylic acid fert-butyl
ester

Reference Preparation 58
4-[1-(2-Benzyloxycarbonylamino-ethyl)-4-(3-chloro-4-fluoro-phenyl)- 1H-imidazol-2-yl]-
piperidine-1-carboxylic acid fers-butyl ester

20
Dissolve 4-[1-(2-amino-ethyl)-4-(3-chloro-4-fluoro-phenyl)- | H-imidazol-2-yl]-

piperidine-1-carboxylic acid zert-butyl ester (0.94 mmol; 396.7 mg) in DCM (20 mL) and
add DIPEA (1.41 mmol; 0.25 mL) and benzyl chloroformate (0.94 mmol; 0.14 mL). Stir
20 min and wash with saturated sodium bicarbonate, dry over MgSOs, filter and

25  evaporate. Purify over 40 g silica gel with 0-40 % EA/DCM to provide the title
compound (222 mg; 42%). MS (ES): m/z = 557 (M+H).

Prepare the following intermediate in a manner similar to that described in

reference preparation 58:



I m dazol - 1-yl met hyl] - pyrrolidine-1-carboxylic acid benzyl ester

di hydrochl ori de 531 96

24(4- (3, wODizbiumssssphenyl) - 2- (pi peri di n-4-y1l) - 1H i m dazolPCT/US2009/063020
1-ypnet hyppyrrolidine-1 -carboxylic acid benzyl ester dihydrochloride 97
{244- (4-Fluoro-3-trifluoronethyl -phenyl)-2-pi peridin-4-

yl -im dazol -1-yl11l-ethyl }-nethyl -carbam ¢ acid benzyl ester dihydrochloride
505 98 ((R)-1-{2-[4-(4-Fluoro-3-trifluoronethyl-phenyl)- 2-

pi peridin-4-yl-imdazol-1-yl]-ethyl)-pyrrolidin-2-yl)- nethanol iris
hydrochl ori de 441 99 {24444-F| uoro-3-trifluoronethyl-phenyl)-2-piperidin-4-
yl -im dazol -1-yli-ethyl} -isopropyl-nmethyl-amne tris hydrochl oride 413 100
(244- (3-Chl oro-4-fl uoro-phenyl)-2-piperidin-4-yl- imdazol-1-ylFethyl}
-isopropyl -nmethyl-am ne tris hydrochloride 379 101 tert-Butyl -
{244-(4-fluoro-3-trifluoronethyl-pheny})-2-

Preparation Compound Name
59 4-[1-(2-Benzyloxycarbonylamino-ethyl)-4-(4-fluoro-3-trifluoromethyl-
phenyl)-1H-imidazol-2-yl]-piperidine-1-carboxylic acid ters-butyl ester

Reference Preparation 60
4-[4-(3-Chloro-4-fluoro-phenyl)- 1-cyanomethyl-1H-imidazol-2-yl]-piperidine-1-

5 carboxylic acid fert-butyl ester

Combine 4-[4-(3-chloro-4-fluoro-phenyl)-1H-imidazol-2-yl]-piperidine-1-
carboxylic acid fert-butyl ester (2.55 mmol; 969 mg), tetra-N-butylammonium bromide
(0.26 mmol; 82 mg), 50 wt % aq sodium hydroxide (8.42 mmol; 0.45 mL) and DCM (25
10 mL). Add bromoacetonitrile (5.11 mmol; 0.36 mL) dropwise over 10 min. Stir 45 min
and dilute with DCM, wash with brine, 50% saturated aqueous sodium chloride solution,
dry over MgSO,, filter and evaporate. Purify over 150 g silica gel with 20% EA/DCM to
provide the title compound (812 mg; 76%). MS (ES): m/z = 419 (M+H).

15 Prepare the following intermediate in a manner similar to that described in

reference preparation 60:

Preparation Compound Name
61 4-(1-(Cyanomethyl)-4-(4-fluoro-3-(trifluoro-methyl)phenyl)-1H-imidazol-
2-yDpiperidine-1-carboxylic acid fert-butyl ester

20 Reference Preparation 62
4-[1-(2-Amino-ethyl)-4-(3-chloro-4-fluoro-phenyl)- 1H-imidazol-2-yl]-piperidine- 1-

carboxylic acid zert-butyl ester

Dissolve 4-[4-(3-chloro-4-fluoro-phenyl)- 1-cyanomethyl-1H-imidazol-2-yl}-
25  piperidine-1-carboxylic acid ters-butyl ester (0.94 mmol; 392.9 mg) in methanol (20 mL).
Add nickel dichloride (1.03 mmol; 135 mg). Add sodium tetrahydroborate (18.8 mmol;
717 mg) portion-wise. Evaporate and partition between water/DCM and stir 20 min.
Add Celite®, stir 30 min and filter. Rinse solids with DCM, 10% MeOH/DCM. Add 2
mL 2M NH;-MeOH to organic layer and evaporate. Dissolve the residue in DCM, wash



pi peridin-4-yl-itnidazol -1-ylFethyl} -amne tris hydrochloride 413 102
tert-Butyl- (244-(3-chloro-4-fluoro-phenyl)-2-piperidin-4-

yl -i m dazwD-20ty05d568t hyl ) -amine tris hydrochl oride 379 P03/US2009/063020
(244- (3-Chl oro-4-fluoro-phenyl)-2-piperidin-4-yl- imdazol-1-yli-ethyl}
-ethyl -isopropyl-amne iris hydrochl oride 393 104

D met hyl - [ 2- (4- phenyl - 2- pi peri di n-4-yl -i mdazol -1-yl)- ethyll-am ne

di hydrochl ori de 299 105 2-(

{244- (3, 4-Di fl uor o- phenyl ) - 2- pi peri di n-4-yl -i tni dazol -

1-yrket hyl} - nmet hyl -am no) - et hanol tris hydrochl oride 365 106
2-(4-(3,4-D fl uorophenyl)-2-(piperidin-4-yl)-1Him dazol-
1-yl)-N, N-di et hyl et hanam ne di hydrochl ori de 335 47 107
1-(2-(4-(3,4-Di fluorophenyl)-2-(piperidin-4-yl)- | H

i m dazol -1-yl)ethyl)pyrrolidin-3-ol trgys hydrochloride 377

with brine, dry over MgSQy, filter through Celite® and evaporate to provide the title

compound (498 mg; 125%). MS (ES): m/z = 423 (M+H).

Prepare the following intermediate in a manner similar to that described in

5  reference preparation 62:

MS(ES):

Preparation Compound Name
m/z (M+H)

4-(1-(2-Aminoethyl)-4-(4-fluoro-3-
63 (trifluoromethyl)phenyl)-1H-imidazol-2-yl)piperidine-1- 457
carboxylic acid fert-butyl ester

Preparation 64

4-(4-Fluoro-3-(trifluoromethyl)phenyl)- 1 H-imidazole

10 Charge 2-bromo-1-(4-fluoro-3-trifluoromethyl-phenyl)-ethanone (40.0 g; 0.14
mol; 1.0 equiv) and formamide (175 mL; 4.38 mol; 31.3 equiv) in a pressure vessel. Heat
at 180 °C for 3 h. Quench with saturated sodium bicarbonate solution and filter through
Celite®. Extract with EA and wash the organic layer with water and brine. Concentrate
and purify on silica column with 0-10 % MecOH-EA to give the title compound. (15.2 g;

15 47.0%). (ES+): m/z = 231 (M+H).

Prepare the following intermediate in a manner similar to that described in

preparation 64:
Preparation Compound Name MS (ES): m/z (M+H)
65 4-(3-Chloro-4-fluoro-phenyl)-1 H-imidazole 197
20 Preparation 66

{2-[4-(3-Chloro-4-fluoro-phenyl)-imidazol-1-yl]-ethyl } -dimethylamine

Charge a round bottom flask with 4-(3-chloro-4-fluoro-phenyl)-1H-imidazole
(1.85 g; 1.00 equiv; 9.41 mmol), KOH (3.00 equiv; 28.23 mmol; 1.58 g, crushed to a fine
25  powder), in DMSO (281.56 mmol; 20.00 mL). Add 2-dimethylaminoethyl chloride



108 1-(2-(4-(3,4-D fluorophenyl)-2-(piperidin-4-yl)-1H
i m dazol -1-yl)ethyl)azetidin-3-0l tris hydrochloride 363 Preparation 108a

(R) - BenzyWwo 2010/056563 PCT/US2009/063020
24(4- (4-fluoro-3-(trifluoronethyl)phenyl)-2-(piperidin-4-yl)-1Him dazol -
yOret hyDpi peri di ne- 1- car boxyl ate tri hydrochl ori de Di ssol ve (R)-benzyl

2-02-(1-(tert-butoxycarbonyl) pi peridin-4-yl)-4-(4-fluoro-3-
(trifluoronethyl)phenyl)-1Him dazol -1-yl)net hyl) pi peridi ne-1-carboxyl ate
(2.6 g, 0.004 nol, 1.0 cc,) in DCM (15 nL). Cool the reaction mass to 0OC
and add HC1 (4.0 Min 10 dioxane, 5 inL, 0.020 nol) drop-wise. Allowthe
reaction to warmup to RI and stir for 16 h. After conpletion, concentrate
the reaction and co-evaporate with nmethanol (5 x 20 nlL) under high vacuum
to get 2.2 g (83.6 %9 of the title conpound. (ES+): nmlz= 545 (MtH).

Prepare the following internediate in, manner simlar to that described in
15preparation 108a: Preparation Conpound Name MS(ES): ink (MtH) 108b
(S)-Benzyl 24(4-(4-fluoro-3- (tri f1 uoronet hyl) pheny1) - 2-

(pi peridin-4-yl)-1Him dazol - ) met hyppi peridine- | - carboxyl ate

tri hy drochl oride 5 4]5drocl'_h]n@bl&? ea\tl\i Bﬁy %18](,63 g) in one portion and the solution becomes

(R) - 2- 04- (3- (Di f 1 uorlseiety ) a2 fdys Bilve hHesgrryth EAagd syt g bird- y 1) - 1H-i t ni dazo
| - 1- y1) met hyl ) - 1- ned dyyle peape pvrrdfie¥9e filter]8d concentrate to anpnggeil SRyfpensi on of Li t hi um

al um ni um hydri de (@HGBBISEP chrna@dH overp BiotasH10 colvg) ehviingwifd @eragknt oFHF at 0C, add

(R) - benzyl- 24( 4- (4- §% uOHDEB o (% NMcDH/DOK PavRY tarydf Jopdnamyetyedddepi peri din- 5
4-y1)-1H i m dazol - leoMoi@isly Dphnaes: bioh) Be tighuadd o ate=1680 smal | portions
(2.2 g, 0.0033 mol , w0 eq). Stir the reaction at RT for 4 hours. After
conpl etion, cool the reaction and quench with ice cold water followed by

1098NaCH SO' ution and SE’rEpE:et@etfolhB;Lgﬁ(ggedlttéslngglnneltsnlﬁartgﬁ§&lc:§bkdri]xg suspen5| on thr OUgh
Celitee, wash the solid cake with EA. Dry the filtrate over anhydrous

preparafi

sodi um sul f at e and concentrate 'mdm reduced presst resto—get 1.6 ¢ of the
title 10 conpound. |¥pBatea | M z 407 Cobpoa Narker epar atign ﬁl_@%(] J

67 4-(3-Chloro-4-fluoro-phenyl)-1-(2-pyrrolidin-1-yl1- 204

ethyl)-1H-imidazole
68 4-(4-Fluoro-3-(trifluoromethyl)phenyl)-1-(2- 328
(pyrrolidin-1-ylethyl)-1H-imidazole
69 2-(4-(4-Fluoro-3-(trifluoromethyl)phenyl)- 1H- 302
imidazol-1-y1)-N,N-dimethylethanamine

Preparation 70
4-[4-(3-Chloro-4-fluoro-phenyl)-1-(2-dimethylamino-ethyl)-1H-imidazol-2-yl]-4-
hydroxy-piperidine-1-carboxylic acid tert-butyl ester

Dissolve {2-[4-(3-chloro-4-fluoro-phenyl)-imidazol-1-yl]-ethyl}-dimethylamine

(1.00 equiv; 4.07 mmol; 1.09 g) in anhydrous THF (15 mL; 184.33 mmol) and cool the
mixture to -78 °C. Slowly add n-butyl lithium (1.40 equiv; 5.70 mmol; 3.56 mL) (1.6M
Aldrich), and stir at -78 °C for 30 min, then add a THF (10 mL) solution of N-t-

20 butoxycarbonyl-4-piperidone (1.20 equiv; 4.89 mmol; 973 .43 mg) dropwise over 10 min.
After 20 min, warm the reaction to RT and stir 3 h. Partition between EA and water.
Wash the organic layer with brine, NaCl aq (50/50) and dry over MgSO,. Filter and
concentrate. Purify the residue by ISCO chromatography over a Biotage 40M column
eluting with 100 % DCM to 10 % MeOH/DCM to give 785 mg (41%) of the title

25  compound as a white solid. ES(MS): (m/z) = 467.0 (M+H).



4- Chl oro-5-(thi azol -2-yli net hyl ene) -5H-pyrrol o[ 2, 3-d] pyri m di n- 6( 7H) - one
15Conbi ne 4-chl oro-5, 7-di hydro-pyrrol o[ 2, 3-d] pyri m di n-6-one (0.3 g; 0.0017
nol ), thiweche/@eéssar bal dehyde (0.23 i, 0.0026 nol) in mwerhsa@o/063026 ) .
Add drop-wi se pyrrolidine (0.073 nL; 0.0008 nol). Stir at RT for 15 mn.
Filter the solids to give the title conpound (0.35 g; 76.08 % . 20Prepare
the following internediates in a manner simlar to that described in
preparation 109: Preparation Conpound Nane M5 (ES+): ink 110

4- Chl or 0-5- (pyri di n-4-yl net hyl ene) -5H pyrrolo [2,3- d] pyrimdin-6(7H)-one
259 111 4-Chl oro-5((2-nethylthiazol-4-yl) et hyl ene) - 5H

pyrrol o[ 2, 3-dl pyrimdin-6(7H)-one 279 (Mtl) 112

5-Benzyl i dene- 4-chl or o- 5H pyrrol o[ 2, 3-d] pyri m di n- 6(7H)-one 258 (M+1l) 49
113 54(1H I mi dazol - 5-yf| met hyl ene) - 4- chl or o- 5H pyrrol of 2, 3-

d] pyrimdin-6(7H)-one 248 (Mr 1) 114

54(1H 1 m dazol - 2- yOret hyl ene) - 4- chlor o- 5H pyrrolo[ 2, 3-
clipyrimdin-6(7H)-one

Prepare the following intermediates in a manner similar to that described in

preparation 70:

MS(ES):

Preparation Compound Name
(m/z) M+H)

4-[4-(3-Chloro-4-fluoro-phenyl)-1-(2-pyrrolidin-1-yl-
71 ethyl)-1H-imidazol-2-yl]-4-hydroxy-piperidine-1- 493
carboxylic acid zers-butyl ester
4-(4-(4-Fluoro-3-(trifluoromethyl)pheny1)-1-(2-
72 (pyrrolidin-1-yD)ethyl)- 1H-imidazol-2-yl)-4- 527
hydroxypiperidine-1-carboxylic acid zers-butyl ester
4-(1-(2-(Dimethylamino)ethyl)-4-(4-fluoro-3-
73 (trifluoromethyl)phenyl)-1H-imidazol-2-y1)-4- 501
hydroxypiperidine-1-carboxylic acid fers-butyl ester

5
Preparation 74
4-[4-(3-Chloro-4-fluoro-phenyl)-1-(2-dimethylamino-ethyl)- 1 H-imidazol-2-yl]-piperidin-
4-0l dihydrochloride
10 Dissolve 4-[4-(3-chloro-4-fluoro-phenyl)- 1-(2-dimethylamino-ethyl)-1H-

imidazol-2-yl]-4-hydroxy-piperidine- 1-carboxylic acid fert-butyl ester (1.00 equiv; 1.68
mmol; 785.00 mg) in 5 mL DCM and slowly add hydrogen chloride (24.00 mmol; 6.00
mL of 4M in dioxane) at RT. Afier 5 min, the solution becomes cloudy then an oily
white solid comes out of solution. Add 2 mL methanol to get the solid back in solution.

15 At 30 min, HPLC shows 25% starting material. Add 1 mL additional HCI solution. After
total of 2 h stirring at RT, concentrate under vacuum. Re-dissolve in DCM and evaporate
under vacuum to a white solid; Dry the white solid in a vacuum oven at 45 °C to 900 mg
of the title compound. ES(MS): (m/z) = 367.0 (M+H).

20 Prepare the following intermediates in a manner similar to that described in
preparation 74:
MS (ES):
Preparation Compound Name

m/z (M+H)




248 (M+l1l) 115 4-Chl oro-5-(thiazol -5-ylinethyl ene)-5H pyrrol
dl pyrimdin-6(7H)-one 265 (Mt |) Preparation 116
5- Benzyl ivseretons6363( 4- (3- chl or o- 4- f | uor ophenyl) - 1- ( 2- ( dipe@Etusgéoams3IR) et hyl ) -

1H i m dazol - 2-yppi peridin-1-y1)-5H pyrrol o[ 2, 3-d] pyri m di n-

Conbi ne

{244- (3-chl oro-4-fl uoro-phenyl)-2-piperidin-4-yl-imdazol - 1-

di rethyl -am ne tris hydrochloride (0.5 g; 0.0013 nol; 1.0 e
5-benzyl i dene-4- chl oro-5H pyrrol o[ 2, 3-d] pyri m din-6(7H)-one (0.33 g;
0.0013 nmol; 1.0 equiv); D PEA (1.7 inL 0.0098 nol; 7.6 equi
(10 nm.) and m crowave at 100C for 30 10 mn. Cool and conce
Dilute with saturated sodi um bi carbonate solution and extract with DCM
Wash organic layer with water and brine and dry over anhydrous sodi um

sul fate. Concentrate the crude conpound and purify by reverse phase HPLC to
give the title conpound as a m xture of E and Z isoners (0.09 g; 12.2 9.
M5 (ES+): mz = 572 (MtH) 15 Prepare the following in

manner simlar to
Nane M5 (ESt+): niz
fluoro-3-(trifluor

yl ) pi peridin-1-yl)-

5- Benzyl i dene-4- (4

(di met hyl am no) et hy
5H pyrrol of 2, 3- dl py

20

hat described in preparation 116: Prepar

o[ 2, 3-

6(7H)-one 5

ylFet hyl) -
qui v) ;

v); 2-propanol
ntrate i n vacuo.

ternmediates in a
ation Conpound

tedpdeaRia BENZY| T dengadhinh ke 1- ( 2- (i MRLMRHSHN
bnet hyl |) phenyl ) - 1H-1 m dazol - 2- m/z (M+H)

I no) et hyl ) - 4- (4-

S5Hepyr|r ot-HG@Zhi@e-4efluquopphanyii 1 (R prreoBifn-TH) - N3G 07
(A_(2D la ethv:‘)—dH—umdazol% eridin-4-o] dihydyochloride

118

NN Flhotd 3 (trithddrom: 1% lidi
1) 261 T Clagetbyn, m@?ﬁ?"?ﬁ%ﬁh ey o

rimdiln- R( 7H) - ondhyEi&shloride
\4-(1-(ﬁ-(Dimethylamino)ethyl)-4-(4—ﬂuor0-3-
77 (trifluoromethyl)phenyl)-1H-imidazol-2-yl)piperidin-4-ol 401

dihydrochloride

Preparation 78
2-(4-(4-Chlorophenyl)-2-(piperidin-4-yl)- 1H-imidazol-1-y1)-N,N-dimethylethanamine tris
hydrochloride

A. 4-(1-(2-(Tetrahydro-2H-pyran-2-yloxy)ethyl)- 1 H-imidazol-2-yl)piperidine-1-
carboxylic acid tert-butyl ester:

Add 4-(1H-imidazol-2-y])-piperidine- 1-carboxylic acid terr-butyl ester (40 g; 0.16
mol; 1.0 equiv), powdered KOH (35.6 g; 0.64 mol; 4.0 equiv), 2-(2-bromo-ethoxy)-
tetrahydropyran (66.2 g; 0.32 mol; 2.0 equiv) to DMSQ (250 mL) and stir at RT for2 h.
Quench the reaction with water and extract with EA. Evaporate the organic layer to give
the title compound (58 g; 97 %).

B. 4-(4,5-Dibromo- 1-(2-(tetrahydro-2H-pyran-2-yloxy)ethyl)- 1 H-imidazol-2-
yl)piperidine-1-carboxylic acid ferz-butyl ester:

Add 4-{1-[2-(tetrahydro-pyran-2-yloxy)-ethyl]- 1 H-imidazol-2-y1}-piperidine-1-
carboxylic acid zert-butyl ester (58.2 g; 0.15 mol; 1.0 equiv) in DCM (500 mL) and cool
to -10 °C. Add N-bromosuccinimide (54.6 g; 0.31 mol; 2.0 equiv) and allow the reaction
to come to RT. Quench the reaction with water and extract with DCM. Evaporate the
organic layer to give the title compound (78.2 g; 95 %).

C. 4-(4-Bromo-1-(2-(tetrahydro-2H-pyran-2-yloxy)ethyl)-1 H-imidazol-2-yl)piperidine-1-

carboxylic acid tert-butyl ester:



Preparation 119

204- Chl oro- 5, 5-di net hyl-5H pyrrol o] 2, 3-d] pyri m di n-6(7H)-one 50 Met hod

A: Add 4- chibanw/Be63di hydr o- pyrrol of 2, 3-dl pyri m di n- 6- on@CraS2®95H63020 0015
nol) to THF (7.5 nmL). Cool to OC and add portion-wi se NaH (0.12 g; 0.0029
nmol). Stir at OC for 30 nm Add drop-w se nethyl iodide (0.18 rnL, 0.0029
nol). Stir at OC for 30 mn and then at RT for 1 h. Quench the reaction

wi th saturated ammoni um chl oride 5 aqueous and extract with EA Evaporate
the organic layer and purify the residue over a silica gel colum using
acetone: hexane as eluent to give the title conpound (172 ng; 59.03 %. M
(ES+): mz = 196 (MH Method B: Add

4-chl oro-5, 7-di hydro-pyrrol o] 2, 3-dl pyri m di n-6-one (1 g; 0.0058 10 nol),
potassiumtert-butoxide (3.31 g; 0.029 nol), CuBrMe2S (0.12 g; 0.00059 nol)
to THF (20 nL). Cool to OC and add drqgg-w se nethyl iodide (0.99 niL; 0.016
nol). Bring the reaction to Rl and stir for 10 mn. Quench with saturated
anmoni um chl ori de aqueous and extract with EA. Evaporate the organic |ayer
to give the title conpound (0.91 g; 78.4%. MS (ES+): mz = 196 (MH 15
Preparation 120 4-C hl 644-5-4ErPry 12 GratpdepyRy arsn iy ¥ Homigzol-2-yb-

[2 3- d] pyrl m di n- 6- mefémﬂrcaﬂtoﬂ/hqﬁcwﬂ\ﬂtdutyl ester (39.0 g; 0.073 mol; 1.0 equiv) to THF (600

4- chl or 0- 5, 7- di hydr - pysr o8 [C20d8 ardiepryimpspiprel iAo Bulowleiof (D6 Mbing; 0. 0029 nol ; 1.0
20 equiVv) in THF (2Qclhazdng Hvel; (9oL t2eqviv) A8Cyid indlemd Bawgarmeat-wospher e.  Add
drop-w se |ithium hesxarsiudngtkhe ghtdd tiB@drg® anfrloniBOhidide soufon @0&&ctD| ; 2.0 equiv; 1
Min THF). Stir at wit8a. Evaboite thdbaitiyer ACIGhifNe @pmMiBRIcRE hy| | odi de (0.48 nilL;
0. 0059 nol; 2.0 equin¥paaie wahd Recthguaacd o0 tenperature to come to 0 et
slowy. Stir for 4 h. Quench with saturated anmoni um chl ori de aqueous and

extract with EA EVRRAGALS:.EHE e iSadoBY flperdift. 198k fAG 20T | t1 € conmpound
(024 ¢; 41.38 9, , ,gtB B %)raiepadr S Gyl
y

4- Chl or 0- 5- net h |9 51 C 1iC\\,
N Add aschlor o 5, g"'gxﬂ”m °p[¥§°“9“ gy‘%“l’p‘x “'f"mqu] e | °

one (0.4 g;
0.0023 mol; 1.0 equiR='F a;' ‘"’hf_s '(132%1002 o ?68“"' 7%?“‘@6 under(an a?gon
at nosphere. Add drof® W°§‘éd(‘75ﬁg|°t° |"\i’llrﬁzﬁ°é'x)d?1‘é“fhﬁgfzﬂ)“g“]al’dai'ﬂ‘&gf°‘(391 7 inL; 0.0047
mol ; 2.0 equiv; 1 MNP Forpiy andrgfifop befvpqpsatpraed M- pucqys and P E@Poper 30 min.  Add
drop-wi se net hyl 15 offiogwic e tehe tejtite carp@@490 851)- 2. 0 equiv), allow the
reaction tenperature to cone to -20 Cslowy and stir at -20 C for 2 h.
Quench the reacti OnE w4 Blmsgl-eredabufchylarmpnitinhoyOrtedec-lagwetus and extract
wi th EA Evaporate &he+etgani c | ayer to give the title conpound (0.24 g;
41. 38 % . 10 Add 4-[4-bromo-1-(2-hydroxy-ethyl)- 1 H-imidazol-2-yl]-piperidine- 1-carboxylic
20 acid rert-butyl ester (10.0 g; 0.027 mol; 1.0 equiv), TEA (11.6 mL; 0.080 mol; 3.0 equiv)
to DCM (150 mL) and cool to 0 °C. Add drop-wise mesyl chloride (2.6 mL; 0.032 mol;
1.2 equiv) and stir for 30 min. Quench the reaction with saturated NaHCO; aqueous and

extract with DCM. Evaporate the organic layer to give the title compound (10.2 g; 84 %).

25  F. 4-(4-Bromo-1-(2-(dimethylamino)ethyl)- 1H-imidazol-2-yl)piperidine- 1-carboxylic
acid fert-butyl ester:

Add 4-[4-bromo-1-(2-methanesulfonyloxy-ethyl)-1H-imidazol-2-yl]-piperidine-1-
carboxylic acid zert-butyl ester (10.2 g; 0.023 mol; 1.0 equiv), dimethyl amine (40 %
aqueous solution, 22 mL; 0.18 mol; 8.0 equiv) in ACN (100 mL) and stir at 100 °C for 3h.

30  Concentrate, quench the reaction with saturated NaHCO; solution and extract with EA.
Concentrate the organic layer; purify over a silica gel column with EA/hexane to give the
title compound (7.5g; 83.33 %).



Preparation 122

4' - Chl orospi ro[ cycl opentane-1,5" -pyrrol o[ 2, 3-d] pyrimdin]-6"(TH)-one d

L. N Addw@-20t0i363835, 7- di hydr o- pyrrol o[ 2, 3-d] pyri m di n- @€ons2¢00/0630990 0. 0035
nol; 1.0 15 equiv) in anhydrous THF (20 nL) and cool the reaction to -78 C,
under an inert atnosphere. Add drop-w se |ithium hexanethyl di sil azide (8.8
m.; 0.0088 nol; 2.5 equiv; 1Min THF). Stir at -78C for 30m n. Add

drop-w se 1, 4-di i odobutane (0.56 inL; 0.0042 nol; 1.2 equiv), allowthe
reaction tenperature to reach 0C slowy, and stir for 2 h. Then allow the
reaction to reach Rl and stir for additional 1 h. Quench the reaction 20

W th saturated ammoni um chloride solution and extract wwth EA. Wash the
organic layer with water, brine, and dry over anhydrous sodi um sul fate.
Evaporate the organic layer and purify over a 10 g silica colum with
acetone (5% in DCM. Pool fractions ty give the title conpound (0.34 g;
43.09 %9. H NWVR (DVMSO-d6):11.68(1H, s), 8.53(1H, s), 2.0- 2.1(m 2H),
1.91-1.99(m 6H). 25 Preparation 123 4, 6-Di chl oro- N-net hyl pyri m di n-5-am ne
52 Add 5-am no-4, 6-dichloropyrimdine (2 g; 0.012 nol) to THF (60 nL). Cool
to O C and add portion-wise NaH (0.53 g; 0.013 nol). Stir at 0C for 30 mn.
Add drop-w se net hy® “4gtihigrerhqng):1P2-@ipethylgning)HioD- Higipijazol-23thpigeridige-1- 0C for 1 h and
then RT for 30 m n. cabex@ixpeitvetbulietsh sat ur at ed anmmoni um chl ori de aqueous and
extract with EA Evapordie-oinel-@digarimino-dtaly rimigwptl-yuperifig-1-t he resi due t hr ough
a silica gel col BMmctsiitgd acediera ! cehodaexaneuiad-cdhpentbot® gi ve the title
conmpound (0.6 g; 27aibd.5€40.003Pndd D.odev) 13kdn,E@ bolu@xomg; dotve @i,aedi at es as descri bed
in preparation 123: ) eRakas hiphd Gerpieh Qe me-ayah 63l aldat a 124

4, 6-Di chl oro- N- et hygloRyé Dk 6bobra R3MGRE ank VMR LA RMEZ0 m:DWVRO) : 5 8. 25 (s,

lH) 5.951-5. 48 (t ]gAl_a'nd ﬁger_tﬁrbgl)a’Ceh%E ékg Agﬂ sa%\gateo(m{COZJc_l’)eous aJld'eQﬂgct \J‘ll‘hO7 (t 3H,

J=3. 6HZ) 125 4, 610D]§ \%{00 Lbl-rg P)Qr p¥nf}RIYe JIe‘overasﬂl e@co newnh:I'H’\"\/R (400NHZ
CDC13) 5 8.23 (S meth blm égl r;r}}cntlj' ;$oun§(OZe ﬁ)g 0 (d 6H)

H. 2-(4-(4-Chlorophenyl)-2-(piperidin-4-yl)-1H-imidazol-1-yl)-N,N-dimethylethanamine
tris hydrochloride:

15 Add 4M HCl in 1,4-dioxane (2 mL) to 4-[4-(4-chloro-phenyl)-1-(2-
dimethylamino-ethyl)-1H-imidazol-2-y1]-piperidine- 1 -carboxylic acid fer¢-butyl ester (0.8
g; 0.0018 mol; 1.0 equiv) , in DCM and stir at RT for 6 h. Concentrate the reaction,
crystallize from diethyl ether and filter to get the title compound (0.6 g; 74.07 %). MS
(ES+): m/z =333 (M+H)

20

Prepare the following intermediates in a manner similar to that described in the

preparation of 2-(4-(4-chlorophenyl)-2-(piperidin-4-yl)-1H-imidazol-1-y1)-N,N-
dimethylethanamine tris hydrochloride A. through to H.:

. MS (ES+):
Preparation Compound Name
m/z
79 2-(4-(3-Chlorophenyl)-2-(piperidin-4-yl)-1H-imidazol-1- | 333 (M+H)
yD-N,N-dimethylethanamine tris hydrochloride
N,N-Dimethyl-2-(2-(piperidin-4-yl)-4-(3-
80 (trifluoromethyl)phenyl)-1H-imidazol-1-yl)ethanamine tris | 367(M+H)
hydrochloride
gl 3-(1<(2-(Dimethylamino)ethyl)-2-(piperidin-4-yl)- 1H- 324
imidazol-4-yl)benzonitrile tris hydrochloride
82 2-(4-(4-Fluorophenyl)-2-(piperidin-4-yl)-1H-imidazol-1- 317
y1)-N,N-dimethylethanamine dihydrochloride




10 Preparation 126 6-Chl oro- N5- net hyl pyri m di ne-4, 5-di am ne Combi ne
4, 6-di chl oro-N-net hyl pyrimdin-5-amne (0.6 g; 0.0034 nol), and liquid 15
ammoni a (Wotnloyosessd stir at 80 C for 4 h. Extract w th BATAsdo0ewmamos ate to
give the title conpound (0.41 g; 76.78 %9. Prepare the follow ng

internedi ates as described in preparation 126: Preparation Conpound Nane NS
(ES+): raiz (Ml) 127 6-chl oro-N5-ethyl pyrim di ne-4,5-diamne 173 128

6- chlor o- N5-i sopropylpyri m di ne-4, 5-di am ne 187 20Preparation 129

6- Chl or o- 7- met hyl - 7, 9- di hydr o- puri n- 8- one Cl 53 Add

6- chl or o- N5- net hyl - pyri m di ne-4,5-diamne (0.41 g, 0.0025 nol) to THF (12.3
inL). Cool to O C, add TEA (0.51 g; 0.005 nol), triphosgene (0.92 g; 0.0031
nol) and stir at RI for 1 h. Quench with water and extract with EA
Evaporate the organic |layer to give the title conpound (0.2 g; 42 %. 5
Prepare the following internediate in,g manner simlar to that described in
preparation 129: Preparati on Conpound Nane Physical Data 130

6- Chl oro-7-ethyl-7H purin-8(9H)-one 1H NVR (400MHz, DMS0): 5 12.51 (s,

1H), 8.39

Preparation 83
[4-(3-Chloro-4-fluoro-phenyl)-2-piperidin-4-yl-imidazol- 1-yl]-acetonitrile bis

trifluoroacetate

5 Dissolve 4-[4-(3-chloro-4-fluoro-phenyl)- 1-cyanomethyl- 1H-imidazol-2-yl]-
piperidine-1-carboxylic acid fers-butyl ester (399 mg; 0.95 mmol) in TFA (10 mL), stir 15
min and evaporate to provide the title compound (607 mg; 110%). MS (ES): m/z = 319
(M+H).

10 Preparation 84
{2-[4-(3-Chloro-4-fluoro-phenyl)-2-piperidin-4-yl-imidazol-1-yI]-ethyl } -dimethyl-amine
di hydrochloride

Dissolve 4-(4-(3-chloro-4-fluorophenyl)-1-(2-(dimethylamino)ethyl)-1H-

15 imidazol-2-yl)piperidine- 1-carboxylic acid tert-buty! ester (194 mg; 0.43 mmol) in DCM
(5 mL) and methanol (3 mL) and add 4 M hydrogen chloride in dioxane (5 mL; 20
mmol). Stir 30 min and evaporate; add DCM/MeOH and evaporate under vacuum to
provide the title compound (245 mg) as a white solid. MS (ES): m/z = 351 (M+H).

20 Prepare the following intermediates in a manner similar to that described in

preparation 84:

MS(ES):
Preparation Compound Name
m/ (M+H)
85 {2-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-2-piperidin-4- 385
yl-imidazol-1-yl]-ethyl }-dimethyl-amine dihydrochloride
86 4-[4-(3-Chloro-4-fluoro-phenyl)-1-(2-pyrrolidin-1-yl- 376
cthyl)-1H-imidazol-2-yl]-piperidine dihydrochloride
87 4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-1-(2-pyrrolidin- 411
1-yl-ethyl)-1H-imidazol-2-yl]-piperidine dihydrochloride
{2-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-2-piperidin-4-
88 yl-imidazol-1-yl]-1,1-dimethyl-ethyl}-dimethyl-amine tris 413
hydrochloride
89 4-(4-(3,4-Difluorophenyl)-1-(2-(pyrrolidin-1-yl)ethyl)-1H- 361
imidazol-2-yDpiperidine tris hydrochloride




(s, 1H), 4.03-3.97 (g, 2H, J=7.2Hz), 1.27-1.23 (t, 3H, J=7.2Hz)

Preparation 131 106- Chl oro-7, 9-di hydr o- puri n- 8-one Conbi ne

6- chl or o-wororwsiee- 4, 5-di ami ne (7.46 nmmol; 1.08 g); 1, PCT/US2009/063020

car bonyl di i m dazole (2 equiv; 14.92 mmol, 2.42 g) and 1, 4-di oxane (20 inL)
and heat to reflux under nitrogen for 50 m n. Evaporate the yell ow sol ution
to an oil. Add DCM (80 15nL), let sit 1 h, filter and dry in vacuum oven at
45 Cto provide the title conpound (1.22 g; 7.15 mol; 96%9 MS (ES+): nik =
169 (MH). Prepare the following internmediate in a manner simlar to

t hat described preparation 131: Preparati onConpound NanmeMs (ES+): ink (M+l)
1326- Chl or o- 7-i sopropyl - 7H puri n- 8( 9H) - one213 Preparati on 133 (2-
(4-(4-Fluoro-3-trifluoronethyl-phenyl)-241-(6-o0xo0-6, 7-di hydro-5H pyrrol of 2,
3- clipyrimdin-4-yl)-piperidin-4-yli-imdazol-1-yl}-ethyl)-nethyl-carbamc
acid benzyl ester Conbine 46
{244-(4-fluoro-3-trifluoronethyl-phenyl)-2-piperidin-4-yl-imdazol -1-
yll-ethyl}-nethyl -carbam c acid benzyl ester dihydrochloride (277 gnol; 160

ng); 4- 54 chloro- 5 7- dlhvdro Dvrrolo[2 3-d] pyrimdin-6-one (1.30 equiv;
360 Innol; 61.1 ny EWF é“ﬁ' quww»%wwg4-nnum 270 4) and heat
n-4§ ethylkarbanial . .
to 160C in m crowaye for 1@&3, I ssolve|the residue in DCM
wash with saturated s%dlun1blbﬁﬁbeﬂemewﬁw@?eva@@hate t he orijgani c | ayer
Purify the residue|on 40 |g" 5P ¢a Yalomit i 3465 MEOH tlo provide the
title conpound (138 Z T | Q4 Dabb-phenyl B peri B, Huladii= [T 77 = 638 (M+H) .
Prepare the foll ow ng %nternﬂhﬁé@@éﬂﬁﬁmg ﬁﬁﬁﬂ@mﬂ§inl ar®to fthat described
in preparation 133] 7 hehy R Epeitma o)~ 7 Tez (MrH) 134
(2-{4-(3-Chloro-4-11 u¥ro- p‘h@aoy meayl][pirsol(d &lenwxyﬁgaafdbenzyl 497
di hydr o- 5H pyr r ol o 2-3—d}He i )i psteabis hydvochlgtida ¢ o v 1]
S =y Hl "'7 )-2 [4(‘3' hloro-4-fldorolphely 'l)-2' 1 cnd"r'l 4-yl- I =l
i m dazol - 1-y1}-et hyl ) saret hM, 2l B ampﬁoﬂ& Mdbery$ { €r497
ester tris hydrochlonde
2-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-2-piperidin-4-yl-
95 imidazol-1-ylmethyl]-pyrrolidine-1-carboxylic acid benzyl 531
ester dihydrochloride
2-((4-(3,4-Difluorophenyl)-2-(piperidin-4-yl)-1H-imidazol-
96 1-yl)methyl)pyrrolidine-1-carboxylic acid benzyl ester
dihydrochloride
{2-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-2-piperidin-4-
97 yl-imidazol-1-yl]-ethyl}-methyl-carbamic acid benzyl ester 505
dihydrochloride
((R)-1-{2-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-2-
98 piperidin-4-yl-imidazol-1-yl]-ethyl}-pyrrolidin-2-yI)- 441
methanol tris hydrochloride
{2-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-2-piperidin-4-
99 yl-imidazol- 1-yl]-ethyl} -isopropyl-methyl-amine tris 413
hydrochloride
{2-[4-(3-Chloro-4-fluoro-phenyl)-2-piperidin-4-yl-
100 imidazol- 1-yl]-ethyl}-isopropyl-methyl-amine tris 379
hydrochloride
tert-Butyl- {2-[4-(4-fluoro-3-trifluoromethyl-phenyl)-2-
101 piperidin-4-yl-imidazol-1-yl}-ethyl}-amine tris 413
hydrochloride
102 tert-Butyl- {2-[4-(3-chloro-4-fluoro-phenyl)-2-piperidin-4- 379
yl-imidazol-1-yl]-ethyl}-amine tris hydrochloride
{2-[4-(3-Chloro-4-fluoro-phenyl)-2-piperidin-4-yl-
103 imidazol-1-yl]-ethyl}-ethyl-isopropyl-amine tris 393
hydrochloride
104 Dimethyl-[2-(4-phenyl-2-piperidin-4-yl-imidazol-1-yl)- 299
ethyl]-amine dihydrochloride
105 2-({2-[4-(3,4-Difluoro-phenyl)-2-piperidin-4-yl-imidazol- 365
1-yl]-ethyl}-methyl-amino)-ethanol tris hydrochloride
106 2-(4-(3,4-Difluorophenyl)-2-(piperidin-4-yl)- 1H-imidazol- 335
1-y1)-N,N-dimethylethanamine dihydrochloride




604 135 (2-{4-(3,4-Difluoro-phenyl)-2-[1-(7-ethyl-8-o0xo0-8, 9-

di hydro-7H purin-6-yl)-pi peridin-4-yl]-imdazol-1-y11l- ethyl)-

met hyl - cawbamowsessdsd benzyl ester 617 136 PCT/US2009/063020
(S)-(2-{4-(3-Chl oro-4-fluoro-phenyl)-241-(7-ethyl-8-o0xo0-

8, 9-di hydro- 7H purin-6-y1)-pi peridin-4-yll-im dazol -

yl met hyl - pyrrolidi ne-1-carboxylic acid benzyl ester 659 137 (R)-(2-
(4-(3-Chl oro-4-fl uoro-phenyl)-2- [1-(7-ethyl-8-o0xo0-

8, 9-di hydro- 7H purin-6-y1) - pi peridi n-4-y1]-im dazol -

yl met hyl - pyrrolidine-I|-carboxylic acid benzyl ester 659 138 2-
{4-(4-Fluoro-3-tri fluoronethyl-phenyl)-241-(6-0x0-6, 7-

di hydro-5H pyrrol of 2, 3-d] pyri m di n-4-y1) - pi peridin-4-y1] -

i m dazol - 1-yl met hyl}-pyrrolidine-1-carboxylic acid benzyl ester 664 139
2-04-(3,4-Di fluorophenyl)-24 | -(6-0xQy6, 7-di hydro-5H pyrrolo [2,3

-d] pyri mdin-4-yl)piperidin-4-yl)-1H i m dazol -
1-yl)methyl ) pyrrolidine-I|-carboxylic acid benzyl ester 140 Benzyl
2-(4-(4-fluoro-3-( rifluoronethvl)ohenvl) 2-(1- g6-
0x0-6, 7-di hydr o- SH] pyit ol o[ 2ES:Grribemmayappnn it T 57
108 1 (_2 (4-(3,4- Dlﬂuorophe_nyl) 2-(p1p_end1n-4-yl) l_H- 363
imidazol-1-ylethyl)azetidin-3-ol tris hydrochloride

Preparation 108a
(R)-Benzyl 2-((4-(4-fluoro-3-(trifluoromethyl)phenyl)-2-(piperidin-4-yl)-1H-imidazol- 1-
yl)methyl)piperidine-1-carboxylate trihydrochloride
F

F
F

o "
N_ N
6 3HC

N
Dissolve (R)-benzyl 2-((2-(1-(tert-butoxycarbonyl)piperidin-4-yl)-4-(4-fluoro-3-

(trifluoromethyl)phenyl)- 1 H-imidazol- 1-yl)methyl)piperidine- 1-carboxylate (2.6 g, 0.004
mol, 1.0 eq) in DCM (15 mL). Cool the reaction mass to 0°C and add HCI (4.0 M in

10  dioxane, 5 mL, 0.020 mol) drop-wise. Allow the reaction to warm up to RT and stir for
16 h. After completion, concentrate the reaction and co-evaporate with methanol (5 x 20
mL) under high vacuum to get 2.2 g (83.6 %) of the title compound. (ES+): m/z= 545
(M+H).

Prepare the following intermediate in a manner similar to that described in

15  preparation 108a:

. MS(ES):
Preparation Compound Name
m/z (M+H)
(S)-Benzyl 2-((4-(4-fluoro-3-(trifluoromethyl)phenyl)-2-
108b (piperidin-4-yl)-1H-imidazol-1-ylymethyl)piperidine-1- 545
carboxylate trihydrochloride

Preparation 108¢
(R)-2-((4-(3-(Difluoromethyl)-4-fluorophenyl)-2-(piperidin-4-yl)-1H-imidazol-1-
yDmethyl)-1-methylpiperidine



yl ) pi peridin-4-yl1)-1Him dazol - 1- ypet hyl car bamat e 10 Preparation 141

5, 5- Di brono- 4-chl oro-5, 7-di hydr o-pyrrol o[ 2, 3-d] pyri m di n- 6-one

Add pyri dwoi2orvdssssai de perbromide (3 equiv; 70.5 g; 266PemaiSpowocm260l uti on
of 154-chloro-7H pyrrolo[2,3-d]pyrimdine (66.1 mml; 10.16 g) in t-butyl

al cohol (400 inL) 55 at 40C. Stir 4 h, then add pyridi ni um brom de
perbromde (1 equiv; 23.5 ¢g) and stir 18 h. Partition IL EA/1.5 L water,
extract three tines with EA conbi ne organi cs and wash with water (3 X 200
m), two tines with brine, dry over MgSO4, filter and evaporate. Suspend in
hot DCM (200 nL), cool, filter and dry under vacuumto provide the title 5
conpound (13.00 g; 39.7 mvol, 60% as a tan solid. M5 (ES+): nfz = 328
(MtH) . Preparation 142 4-Chl oro-5, 7-di hydro-pyrrol o] 2, 3-d] pyri m di n- 6- one
10Add zinc (2 equiv; 12.12 mml; 792 ng) to a suspension of 5, 5-dibrono-4-
chl oro-5, 7-di hydro-pyrrol of 2, 3-di pyri nggdi n-6-one (6.06 mol; 1.98 g) in THF
(20 I'nL) and add saturated anmoni um chl ori de aqueous (3 niL) at 20C
(exothermc). Stir 20 min then filter through Celite(r), rinse with THF,
wash the organi c phase twice with saturated anmmoni um chl ori de. Extract

combi ned aqueous layers four times with 10Q nL 1:1 15 THF: EA, wash the

combi ned organi c phases with satur ate nlpum chloride, dry over MgSO4,
filter through silica gel plug, r 5% MeOH DCM and evapor at e

filtrates. Suspend crude solid i |ng mxtures of DCM EA and | oad
onto 330 g of dry silica gel. Chro aph with 0 to 2% MeOH/ DCM t 0
provide the title conmpound 3.89 g (22. nol ; 59%. Ms (ES+): niz = 168
(MH) 20 Preparation 143
(R) 3- Ami no- pl perl di r]eToas pet; o%(l%mealumlgumqm Q{?H)%)élg Ogég orS(Ag%ﬂflM HC1 in di oxane
(100 inL) to a solution fmc

enzyl ﬂ 0ro-3- (trtﬂuoromethélfplclfnyB ﬂ) £

25butoxycarbony|an1no ™ ester (71.65
mol ; 23.96 g) in gWﬁdﬁl”q_ ‘hyg'f’f’&dﬂfél(ﬁ-lmé’%m "°“'°§(f 7 Oé *i nM and
evaporate. Partiti off®SHm ¥ a5stetns BT eeRns Al emltp P38 um bi car bonat e
aqueous, extract thPeEe el v P obNe NBE R ExrtsEaRE 2hf M bri ne, dry over
MgSO4, filter throughitinguipintion thiodeh GeliRd. weepiptolidgakevith B By tedilptdper t j t | ¢ conpound
17.39 g (74. 22 mmo| anhyd@sddjum subfi afdEeispirate upgerzeduced Pr@dre (o ktt4)e of 8@ Pr epar at i on 144
56 10 compound. (ES+): m/z 407 (M+H).

(R)-342-(4-Fluoro-3-trifluoronethyl -phenyl)-2-oxo-ethyl am noi - pi peri di ne-1 -
carboxylic acid benzyl ester hydrocBRPEMPd& Conbi ne

2- br ono- 1- (4- f | uor o- 3- f-FhlofoiS{eredsirdnehiyine-FhrrpF-dleyriigiyHeen{ 1. 00 equiv; 5 22.57
tnmol; 6.43 g) in 15 nL DMF dropwi se to a sol ution of

(R) - 3- am no- pi pers di necdmin@aidpoyihide-ryadd2d-dpeinziyb-onegt £90071 equi v; 22.57
trunol ; 5.29 g) andmo-i)-Eﬁzo(e-:ﬁ-cﬂquﬁy%;(O.ZQ&, &0626 mol) in methanol (1.5 mL). Add drop-

wise pyrrolidine (0.073 mL; 0.0008 mol). Stir at RT for 15 min. Filter the solids to give
the title compound (0.35 g; 76.08 %).

20 Prepare the following intermediates in a manner similar to that described in
preparation 109:
. MS (ES+):
Preparation Compound Name
m/z
110 4-Chloro-5-(pyridin-4-ylmethylene)-5H-pyrrolo[2,3- 259
d]pyrimidin-6(7H)-one
111 4-Chloro-5-((2-methylthiazol-4-yl)methylene)-5H- 279 (M+1)
pyrrolof2.3-d]pyrimidin-6(7H)-one
112 5-Benzylidene-4-chloro-5H-pyrrolo[2,3-d]pyrimidin- 258 (M+1)
6(7H)-one




mml; 3.15 nL) in DM (30 inL). Stir 10 mn. Dilute wwth EA wash 3X with
brine, dry over MgSat, filter, add 1 equiv 1IMHCl in ether and evaporate to
gi ve 10. 580gowveniye resi due. Dissolve in I PA (100 nl), eocoluszevvioci®2dat h,
filter the solids, rinse with diethyl 10 ether, dry in a vacuum oven at 40C
to provide the title conmpound (3.49 g; 7.35 nunol; 33%. M5 (ES-1-): mz =
439 (M+H). Preparation 145

4-{((R) - 1- Benzyl oxycar bonyl - pi peri di n-3-y1)42-(4-fluoro-3-trifluoronethyl-p
henyl) - 2- 15o0xo0-et hyl)-carbanoyl}-pi peridi ne-I-carboxylic acid tert-butyl
ester Add thionyl chloride (1.2 equiv; 10.5 mmol; 765 tiL) dropw se
over 3 Mmat 20 Cto a solution of piperidine-1,4-dicarboxylic acid
nono-tert-butyl ester (1.00 equiv; 8.75 mmol; 2.03 g) and pyridine (5
equiv; 43.74 mol; 3 54 nL) in DCM (60 nmL). Stir 2090 m n. Add
(R)-342-(4-fluoro-3-trifluoronethyl-phgnyl)-2-oxo-ethyl am nol- pi peridi ne-
1-carboxylic acid benzyl ester hydrochloride (0.80 equiv; 7.00 nmol; 3.32
g) followed by TEA (3.5 equiv; 30.62 nunol; 4.3 nlL) dropw se over 3 mn and
stir 18 h. Wash the_organic phase 3X with 1IN HCl, water, brine, dry over
MySO4, filter and <=vaporalt5é<mlmtifz?'fy>mftrgé LisSiiargi> 1 bosgesi | i ca gel with
20-50% EA/ DCM t 0 provjge 5[@@;1Mdhbl.@ylﬁﬁﬁypﬂemmmdsﬁpmﬁ 948(,\111)41 mml ; 50% . M
(ES+): mz = 672 (MtNa) . |Prepar at idppimiidH7H)-one
4414(R) - 1- Benzyl ox) caﬂbonyl4dFﬁ@ﬁﬁﬁﬁﬁé?ﬁ%ﬁ”@*Wﬂ“?Puo @8+ |i f | uor onet hyl - ph

enyl)-1H im dazol -Z2-yIJ-piperidine- I -carboxylic acid tert-butyl ester 30
Heat a solution of 4- Preparation 116

MR) - 1- benzyl oxycar bonygzRiRaYd i o Mdbihasikids- (&L]éd,gmoﬁﬁyu IH-

trifluoronethyl- phe”yl)nﬁagﬁﬂzﬁkﬂ¥¥ﬂﬂﬁg%ggﬂﬂ% g&dlne | - carboxylic
acid tert-butyl 7 ester (2 5 nm) and ammoni um

acetate saturated in ageklc ?§°°ﬁgm“ykﬁmgfg?9§ .or §Hﬂﬁm’ lute with EA
I

wash the organi c phase 3X arbonate, brine,
dry over MgSO4 and TV*?@?“"T%??VV“F%&OQQMPHU”m%hsﬁﬁyﬁmS|Ilca gel with 5-20%
EA/DCM to provi de tH&THRIBECHRPEUHT 2 ©B &2 3308 b TEA5 7509 . M5 (ESH):
mz = 631 (MH). Prepalr'Qts vt 7497 4romgy L0 alb ey mppyspdO5e %89 | uor o

met hyl - pheny1) - 11%i e (Cpol 3] cppeeBuaty i vaqupy Tilyiq wiflpsptesdted Pdiwprpiparbonae s9latiod di ne-

1-carboxylic acid t®¢euapypithPEM. Sithonganid Byer with water iyl bfinpgriainy ateranhgirogso| ut | on  of

4414( R) - 1- benzy| oxyodumladiney ConpiupetieaidacoBpoynd gnd plrif{ b4 zeverse phase HPLC to

fluoro-3-trifl uor ongk lhytie pipeuiys AmixiidofiEridd aget ©.Rgyddx)pispsni @t ne- 1- car boxyl i c
acid tent-butyl estesmd@inm71l mmol; 1.08 g) in nmethanol (20 nmL) with 10%

Pal | adi um on carlpon (100 ng) and 1 atnosphere of hydrogen gas for 60 mn.
Add Celite(r) and filt Gl idilss Wohliad S, DM ko G¥aDALAL Lo provide the
title conpound (834 sreparai® 116:1- nmol ; 98%. MS (ES+): nlz = 497 (M+H).
Preparation 148 NS (EST):
414- (4- Fl uor o- 3-t r || #rtpuradodret hy| - phetyigynd KéfeR) - 1- met hyl - peridin-3-y1)-1H4

m dazol - 2- 20yfl-piperidijne-1-carboxylic acid tert-bity *est er Conbi ne
44 ' 5-Benzylidene-4-(4-(1-(2-(dimethylamino)ethyl)-4-(4- 7
117 fluorg-3- trlﬂuoromethyl) henyl - 1H-imidazol-2- i 607

(R)-4-(4-f|uoro-3-1rif|uor@ﬁﬁ£thﬂ Sl B-ddyrigitipem-aé - 3- y1-[1H m dazol - 2-y1]
-pi peridine- |-carbpoxy}ic ﬁ“ %.49 | ;| 741 ny);

f or mal dehyde (5 quivM&7.4%m;?h"d%§ %imm lmﬂm 22 1cg$2xyborohydride (2
equiv; 25 2.98 mmol; 632 ng) and TH (25 nl) and stir at 20C for 20 mn.
Dilute with EA, wash the organic h5§%?%5@%mth sat urat ed sodi um

bi carbonate, brife, dry oﬁ%@mﬂ©$@®ﬂ5$EW%@ﬁdhﬂﬁmeﬁﬁbﬁ?ate to provide the
title conpound (790.3 ng; 1.55 mmol; 104%. MS (ES+): mz = 511 (M+H)
30Preparation 149




(R)-344-(4-Fluoro-3-trifluoronethyl-phenyl)-2-piperidin-4-yl-imdazol -1-yl]
-1-nmethyl - piperidine 58 Add 4M HC1 in dioxane (6 nL) to a solution
of WO 2010/056563 PCT/US2009/063020

414- (4-fluoro-3-trifluoromethyl phenyl)-14(R)-1-net hyl - pi peridin-3-yl1l)-1Him
i dazol - 2-yl | -pi peridine -1-carboxylic acid tert-butyl ester (1.55 nmol; 790
nmg) in nmethanol (2 nm.) and DCM (5 nmL) and stir 1 h. 5 Evaporate to provide
847 nmg tris HC salt. Partition 712 ng tris HCl1 salt between DCM sat urat ed
sodi um bi carbonate, dry over MgSO4, filter and evaporate to provide the
title conpound (529.6 ng; 1.29 mmol; 94%. M5 (ES+): mz = 411 (M+H).
Prepare the followng internediate in a manner simlar to that described in
10 preparation 149: Preparation Conpound Name MS (ES+): mz (M+H) 150

(R -Benzyl 3-(4-(4-fluoro-3-(trifluoromethyl)phenyl)-2-
(piperidin-4-yl)-1Him dazol -1 -yl)p isgeridine-1- carboxyl ate 531
Preparation 151 (R) - 2-

{4- (3-Chl oro-4-fl uoro-phenyl )-2-[1-(6-oxo-6, 7-di hydro-5H—pyrroI o[ 2, 3-

d] pyri mdin-4-yl)-piperidin-4-yll-imdazol -1-yl methyl}-pyrrolidine-1-carbox
ylic acid 15benzyl ¥Spgy Adsclosgriiipmpdtaesiidir et - ediit'oxi de (1.1 equiv;
321 gnol; 36.8 ny) ;"™ PPTEH{-deacyap 0 °C apd ggromepuyseAa 082 a0 0Rm: Si9 4 8 ng) and stir
bar in 25 n_ 3 neckat?°lcézs3kmiarfddqwaw'@gelewi(?(*HC@I%ﬂMQ‘é?Wﬂ-(?ﬁW@“%ﬂ Add anhydr ous
DMVE (3 nl) fol | owed3 0k and the bR fr0-h SQuahshalie fapht @th saturated ammonium chloride

20pyrrol of 2, 3- d] pyr daRdughndextet @ BA. (Ekpo@ thé ovzanic BGPandpifd tie redde oRED) ;

(R) - 214- ( 3- chl or 0- 4sikd gt @ludr using acetone:hexane as eluent to give the title compound (172 mg;

phenyl) - 2- pi peri di nsodsoylmsiadhdazadedmy| met hyl ] - pyrrol i dene- 1- carboxylic acid
benzyl ester tris hydrochloride (1.1 equiv; 321 gnol; 159.6 ng) and 0.5 niL
1 2-DME and heat tOMe%QdBC fAQJ4cl;I|§05h/'dlh}R I;JMBI(%Z3%p£rQﬂdE€‘OﬂeM@%EbSSt he or ganl C phase
wnth wat er, saturat eg p§msmm muox&% (p(ggmo)c rMe 12g «)6059 MpSH, filter and

evapor at e. Purlfyt %n dr SLL lodl 5%I\/EOH/DCI\/Ito
provide the title corrg T& g 5 “13 ] hlI\/dB ES+): mz = 630
(MrH) . 59 Pr'é) “eac{“’ﬁ T8 T8 g Rty n%“ﬂ”ﬁfmmm ot nner simlar to

that described in ?‘gﬁ'ﬁ‘f’daff“ia%‘?‘i‘hi"sfyapﬁe

fareb*hg”e&?fﬁfcfﬂmmwane VB (ESH):
(0.91 g; 78.4%). MS (ES+): miz = 196 (M
15
Preparation 120
4-Chloro-5-ethyl-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one

Cl

N
l 0
NZ N
Add 4-chloro-5,7-dihydro-pyrrolo|[2,3-d]pyrimidin-6-one (0.5 g; 0.0029 mol; 1.0
20  equiv) in THF (20 mL) and cool to -78°C under argon atmosphere. Add drop-wise
lithium hexamethyl-disilazide (5.89 mL, 0.0059 mol; 2.0 equiv; 1 M in THF). Stir at-78
°C for 30 min. Add drop-wise ethyl iodide (0.48 mL; 0.0059 mol; 2.0 equiv) and allow
the reaction temperature to come to 0 °C slowly. Stir for 4 h. Quench with saturated
ammonium chloride aqueous and extract with EA. Evaporate the organic layer to get the
25  title compound (0.24 g; 41.38 %).

Preparation 121

4-Chloro-5-methyl-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one



mz (Mrl) 152 (R)-Benzyl 3-(4-(4-fluoro-3-(trifluoronethyflphenyl)-2-(1-
(6-0xo0-6, 7-di hydro-5H-pyrrol o[ 2, 3-d] pyri m di n-4-

yf | pi periworot/osdye31H-i m dazol - 1- yf | pi peri di ne-1- car bopgiratse08643020
Preparation 153 5Met hyl 2-(4, 6-di hydroxypyri m di n-5-yfl acetate Add
triethyl ethane-1,1,2-tricarboxylate (74.75 g; 1.00 equiv; 303.54 mol ;
69.41 nmL) to a solution of sodium nethoxide (139.6 nL of 25% wt in MOH,
4.35M (131.2 g; 2.00 equiv; 607 mmol) in methanol (224.8 nlL), then add

f or mam di ne hydrochl oride 10(25.19 g, 1.01 equiv; 306.58 mol) at RT. Stir
the m xture overnight. Acidify with 37% HC1 at 0 C.; filter the solids and
dry in vacuo overnight to give the title conpound (55.89 g; 99.99% vyi el d)
as a white solid. Ili NWVR (300 MHz, DMsO): 8.03 (s, 1H), 3.55 (s, 3H),
3.24-3.15 (m 2H). 15Preparati on 154 Met hyl

2- (4, 6-dichl oropyrimdin-5-yl)acetatesfpdd a suspensi on of nethyl

2- (4, 6-di hydroxypyrimdin-5-yl)acetate (46.65 g; 1.00 equiv; 253.33 mmol)
to phosphoryl chloride (235.41 nL; 10.00 equiv; 2.53 nol) and 20 stir at

reflux 3 h. Distill under vacuumto 1/3 of the original volune and pour the
m xture into a 4C sol ution of aquedus pot assi um phosphate, dibasic (2M
(2.53 L; 20 equiv; 5.07 mol). Exty th EA dry over MgSH4, filter and
concentrate in vacuo. Purify the kh silica plug using DCM as el uent
to give the title conpound (30.32 d; 1’%7 17 tnmol; 54.15%yield) as a pale
yel low solid. Ili NWR (‘\&Q-Qﬂlowzdlhym@moﬂ}g]p}gl%dn(§one(a~4‘_é)00024m&l30(S: 252H)1 3.69
(S 3H) Pr epar at i OQUIV;’%)%HF (@QnL t&}/t -78°C underanar on atmosphere Add drop-wise

2- (4-chl or o-6- (4-gre m.z.mg mm&)pammo A HrAcglAl e To a

sol ution of nethyl

'8 (1.00 65. 10
mol ;. 14. 39 g) T“ dgtues) lsemiggc Olmy %9o4f”‘§%o( equi v;

n
4- met hoxybenzyl ani neé‘"vf "°‘1 B "°“t°m’i’°ra“"“7ffm"61 and DI PEA (1.20
equiv; 78.12 trmmol ; LI uTIRY “héfﬁﬁ‘e?T‘f“f““"tW%“derf‘f‘“f("t“lﬁdé""ﬁ‘tw‘% C for 1 h. Quench
with ice-water, ext"F%P&'t‘“’%ﬁf‘ﬁ"ﬁ"‘Eﬂmg%i"ri‘tﬂ“‘{ﬁ&%’l’?“"t‘ﬂé“go‘ﬁ‘ gatti c layer with IN HCL,
wat er and brine, 'dry over MySO4, filter and concentrate in vacuo to the
title conpound (54.98 muol; 17.69 gPreB4ioy® 0y as a yell ow solid and use
wi t hout further purifi céahespiroldydliopenthdh/R5-§yBMR.3 MpizimidifDBB)one 8. 20 (s, 1H),
7.21-7.18 (m 102H), 6.89-6.85 (m 2H), 53 (d, J=5.8 Hz, 2H), 3.76 (s,
2H), 3.71 (s, 3H), 3.65 (s, 3H). pare the follow ng internedi ate
in a mnner simlar to that descri beﬁ'ﬂ/n £paration 155: Preparation

N N

Add 4-chloro-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one (0.6 g; 0.0035 mol; 1.0

15  equiv) in anhydrous THF (20 mL) and cool the reaction to -78 °C, under an inert
atmosphere. Add drop-wise lithium hexamethyldisilazide (8.8 mL; 0.0088 mol; 2.5
equiv; IM in THF). Stir at —78 °C for 30min. Add drop-wise 1,4-diiodobutane (0.56 mL;
0.0042 mol; 1.2 equiv), allow the reaction temperature to reach 0 °C slowly, and stir for 2
h. Then allow the reaction to reach RT and stir for additional 1 h. Quench the reaction

20  with saturated ammonium chloride solution and extract with EA. Wash the organic layer
with water, brine, and dry over anhydrous sodium sulfate. Evaporate the organic layer
and purify over a 10 g silica column with acetone (5%) in DCM . Pool fractions to give
the title compound (0.34 g; 43.09 %). H NMR (DMSO-d6):11.68(1H, s), 8.53(1H, s), 2.0-
2.1(m, 2H), 1.91-1.99(m, 6H).

25
Preparation 123

4,6-Dichloro-N-methylpyrimidin-5-amine



Conpound Nane Physical Data 156 Methyl 2-(4-chloro-6-(2,4-

di met hoxybenzyl am no) pyri m di n-5- yl)acetate 11-1 NVR (400 Hz, CDC13):
8.33 (s, wHp10As@b3(d, J= 8.4Hz, 1H), 6.46 (d, J=2.0 HzPCTH)S2008/04302¢ d,
J1=8.4 Hz, J2=2.0 Hz, 1H), 6.07 (bs, 1H), 4.62 (d, J= 6.0 Hz, 2H), 3.84 (s,
3H), 3.79 (s, 3H), 3.67 (s, 3H, 3.61 (s, 2H), 15Preparation 157

4- Chl oro-7- (4- nmet hoxybenzyl) - 5H pyrrol o[ 2, 3-dl pyri m di n-6(7H) - one Add
a solution of nethyl 2-(4-chloro-6-(4-nethoxybenzyl am no)pyri m di n-5-
yl)acetate (16.21 g, 1.00 equiv; 50.38 nunol) to HC1 (4Min di oxane) (126
m.; 10 equiv; 20 503.79 nunol) and water (4.54 niL; 5 equiv; 251.89 mol)
and stir at 100C for 2 h. Renove di oxane in vacuo and extract with EA. Wash
the organic layer with saturated NaHCO3, water, then brine. Dry over MSat,
filter and concentrate in vacuo. Purify the residue by |1SCO 330 g using
EA:hex 20 to 70% as eluent to obtain the title conpound (11.15 g; 38.49
nmmol; 76.39 %) as a yellowsolid. Ili NVR (300 WHz, DVS0): 8.65 (s, 251H),
7.29-7.26 (m 2H), 6.89-6.85 (m 2H), 4.79 (s, 2H), 3.80 (s, 2H), 3.71 (s,
3H). 61 Preparation 158

4- Chl oro-7- (2, 4-di met hoxyberi zyl) - 5H pyrrol o[ 2, 3-d] pyri m di n-6(7H) - one
5Conbi ne a sol uti on of Affeemhspiss-gichlorrystiding(@ g 90-§2 1P AHHPYREY XY Dbenzyl ani no)

pyri m di n-5-yl ) acet ‘e adf fertip6viselipt (3 & QIR riylat0 *CAB F rgy) Addgrom- t ol uenesul foni ¢
acid (0.5 equiv; 1.viQmapliddid2A07Lg12ypll Reir FoiCHe nendhdiR Ty 30aimd stir at reflioc.
After 1 h, renove t Qkndoumesatirdted MEGHILE ctfofdd 2@l i@ fact wihiER. HpMAe t\ASh t he or gani c

| ayer with sat ur at eghaNaACLBROY R Reldubhrbuba silicElfelol@Y Ring ¥R DDexand | | t €r and
concentrated in VacidQuent Skitkk dtie ohiBunll @64, e N et hanol 10(2 L) and
concentrate in vacuo to approximately 1 L. Cool the slurry to 10C, filter,

wash with cold net hanok’repw@lﬁk%ll%nginttrgediggEsqgsé;]beﬁih;ﬁeplrzjtic;nllﬁ: COTTpOUI’]d (1 65 nol ;
527 g; 74.05

Preparation Compound Name Physical Data

"H NMR (400MHz, DMSO): 5 8.25 (s,
1H), 5.51-5.48 (t, 1H, J=6Hz), 3.48-3.41
(m, 2H), 1.09-1.07 (1, 3H, J=3.6Hz)

'H NMR (400MHz, CDCI3): & 8.23 (s,
1H), 4.14 (m, 1H), 3.79 {m, 1H), 1.20 (d,
6H)

124 4,6-Dichloro-N-
cthylpyrimidin-5-amine

125 4,6-Dichloro-N-
isopropylpyrimidin-5-amine

Preparation 126
6-Chloro-N°-methylpyrimidine-4,5-diamine

Combine 4,6-dichloro-N-methylpyrimidin-5-amine (0.6 g; 0.0034 mol), and liquid
15 ammonia (6 mL) and stir at 80 °C for 4 h. Extract with EA and evaporate to give the title

compound (0.41 g; 76.78 %).

Prepare the following intermediates as described in preparation 126:

Preparation Compound Name MS (ES+): m/z (M+1)
127 6-chloro-N°-ethylpyrimidine-4,5-diamine 173
128 6-chloro-N"-isopropylpyrimidine-4,5-diamine 187
20 Preparation 129

6-Chloro-7-methyl-7,9-dihydro-purin-8-one

G-



% as a yelloworange solid. Ili NVWR (400 MHz, CDCI3): 8.59 (s, 1H), 7.13
(d, J= 8.4Hz, 1H), 6.43 (d, J=2.0 Hz, 1H), 6.40(d, J=8.5 Hz, 1H), 4.92(d,
s, 2H), 3wW02o(ms63Bl), 3.77 (s, 3H), 3.60 (s, 2H). 15 Prepanstennecidd® 4-0
-(2-(Di et hyl am no) et hyl )-4-(4-fluoro-3-(trifluoronethyl)phenyl)-1Him dazo
| -2- yl1)piperidine-1 -carboxylic acid tert-butyl ester 20Conmbi ne a sol ution
of 414-(4-fluoro-3-trifluoronethyl-phenyl)- 1H -im dazol - 2-

y1] - pi peridine-1-carboxylic acid tert-butyl ester (25.00 g; 1.00 equiv;
60.47 mol) in DVSO (200.00 nL; 2.82 nmol) with KOH (powder) (9.98 g; 151.18
mmol ) and heat the m xture to 45 C To this solution, add

2-chl oro- N, N-di net hyl et hanam ne hydrochl oride (10.45 g; 1.20 equiv; 72.57
mol ). Stir the mxture at 45C for 3 h. Pour the mxture 25 into ice-water,
stir at RT and extract with EA. Wash the organic |layer with water (3x) and
brine; dry over MgSO4, filter and conggntrate in vacuo to give the title
conpound (28.00 g; 57.79 mmol; 95.56% as a yellow oil and use w thout
further purification. 111 NWR (300 MHz, DWMS0): 8.04-8.00 (m 2H), 7.74 (s,
1H), 7.46 (t, J= 9.9 Hz, 1H), 4.06- 399(m 4H), 3.03-2.93 (m 3H), 2.57
(t, J= 6.3 Hz, 2H), 2. i@6f%°f°Némhy1PTm8T4fd'7“r'°(°ﬁﬁg°2’P%7m°1>3ﬂfF7o 1.55 (m 2H),

1. 42 (S, 9H) Pr epa(rlzdstnijﬁoolIﬁﬁC ad@ BEA (0.51 g; 0.005 mol), triphosgene (0.92 g; 0.0031 mol)

2- (4- (4- Fl uor o- 3- ('t mdsfirlanRd foolrie@umngt WitowrenigdAracpwitl B, Peroptelhareaicy1) - 1H- i m dazol -
y1)-N, N- di et hyl et hemaii teedechimbpydooehi®ori de Conbi ne a sol uti on of

4- (142- (di net hyl am no) et hyl y444-1f| uor o- 3-

S(trifluoromethyl) phenydpe dettbibvingin€hacaiad in 2mihd Yiiafdakad selirib@m 1- car boxyl i ¢ aci d
tert-butyl ester (2,85,)2(&@0:@9 1. 00 equi v; 57 79 nmol) in DCM (280.00 inL; 4.37
mol) with a 4 Mso ”Lphryddn bo,“,yntddmupl chtor uWﬁ'&'ﬂd—(‘50. 56 nL; 3.50

oo NnAaNnQl - oNn

EC]UI vV, 202. 25 nuno —StHr—the g1€€f TEONURI 00Nz, BMS G} 5 12 31 h. Evapor ate
the sol vent, and ajd BA ([19600C g R (@M@EMﬂtﬁzé(gahlmx fSZAlﬁg(t,EA (200 nL) and

stir the suspensioh for 30 B F e on a gl A&78Ha ttfed funnel 10to obtain
the title conmpound (26.00 g; 56.85 mmol ; 08. 38% vyield) as a green solid.
In/z (MrH): 385.2 Preparation 131 Preparation 161

4- (4-(1-(2-(Di methyl am no) et hyl| F-Ciloro74-dipydrerpypingtose. (t rj f | uor onet hyl ) pheny1) - 1H
i m dazol - 2-

15yl) pi peri di n-1 - y1) - 7 C¢mifinapplidrpeoxipindisyihineGH6 pyok F@RO[I2, 3- d] pyri m di n-6(7H) -0
ne Add a sol ut dabdiyldihidazole (2 equiv; 14.92 mmol; 2.42 g) and 1,4-dioxane (20 mL) and heat to

4- chl or o- 7- ( 4- met hoxybadRzdgynid kdmpy Eviparhilie 2s13-sehfigyorah ¢l A bB(30H) - one (18. 11 g;
1.05 eqUi Vv, 62.5% nmlle)sitilﬂﬁltNWdr&il&@lm&QenMT&pr&%etﬁ@he)con@&undm to 2-
(4-(4-fluoro-3-(trifbyonomet %) Ms Es+: mz = 160 (M-H).

1) pheny1) - 2- (pi peridi n-4-yl)-1Him dazol -1-y1)-N,N- 20 di net hyl et hanam ne
di hydl’ ochl oride (31 30Pr§l>are fo(aﬁvmggtg‘llne\élhte1?%&!514511&%0%21%%@1939 DI PEA (51 92 ni;
297.71 nmol ) and stir overnight C. ench the reaction with water (900
inl) and EA (200 mS¥&nd adiust the p nf the ure to 1-2 with H3PO4

[ 85% aqueous (aq.)] . " ar 15 e 2™ epar a h@sﬂ%)ém/ﬁﬂg@ps Extract the
organi ¢ phase with a—HiPos Seionyisgmetiinunihosl 1gq 233 wAsh the conbi ned
aqueous phases wth EAfiert- 25 but Irret hyl et her (tBuC]VE) (4/1) (3x150
). Adjust the pH of, th g: h K2CO8 and ext ract
with EA (3x15 InL). V&S ﬁ%?“ﬁ& t'"ﬂ“°rr"r’f5'eﬂPl “y§2 lé6'°x°67dtﬁ§h°§19py"‘9 R brine, decolor
with charcoal, and f{Pret-glariedri-rdedyy }“éﬂ}ﬁfﬁ:’ﬁ’&?‘bf"l‘féc‘dfbfnfyf rates and

evapor at e. Crystal lize the residue fr(ff’ﬁ‘EA/tBuC]VE to obtain the title
conpound (17.00 &, 26.66 nmol; 44.77%yield) as pale rose solid. |HNVR (300
MHz, CDC13): 8.36 (s, S@nbifeHf-[4-(“FudpPiriflucBPethylrppenyPfipiperidfp-44Bmiqizoll) (m 2H)
7.17-7.11 (m 2H), B:88-nGthyBdrbfmiypcidBindyl estedditBdfociflogde (22tingl; 160 mBEK d, J= 13. 4 Hz,

2H), 4.13-4.07 (m 2H), 3.77 (s, 3H), 3.63 (s, 2H), 3.40-3.36 (m 2H),
3.21-3.05 (m 3H), 2.74 (t, J=6.6 Hz, 2H), 2.40-2.35 (m 6H), 2.09-1.99
(m 2H). 63 Preparation 162




4-(4-(1-(2-(Dinmethyl am no)ethyl)-4-(4-fluoro-3-(tri fluoronethyl)phenyl)-
1Him dazol-2- y 1)piperi di nnethoxybenzyl)-5Hpyrrol o [2,3 -cl]pyri m
di n- 6( 7HWOnow/6G6563 Conmbi ne a m xture of PCT/US2009/063020

4-chl oro-7-(2, 4-di met hoxybenzyl) - 5H pyrrol o[ 2, 3- d] pyrim di n-6(7H)-one
(1.10 equiv; 868.3 mml; 277.63 g) in nmethanol (62.44 nol; 2.53 L) at RT, a
sol ution of
2-(4-(4-fluoro-3-(trifluoronethyl)phenyl)-2-(piperidin-4-yl)-1H

i m dazol - 1-y1)-N, N-di net hyl et hanam ne di hydrochl oride (1.00 equiv; 789.35
mmol ; 10 361.0 g) and TEA (9077 nunol; 1265 niL) in nethanol (62.44 nol;
2.53 L) and stir the m xture overnight at 55-60 C. Partition the reaction
m xture between water (10 L) and EA (10 L). Extract the organic layer with
2 NHC1 (5 L). Separate and extract the aqueous layer with EA (5 L). An oil
separates in the aqueous |ayer. Decantsythe aqueous |iquid and hold the oil
for recovery of product. Stir the decanted aqueous |layer with EA 15 (5 L)
and adjust the pH of the mixture to 10-11 with 2 N NaOH . Separate the
organic | ayer, wash with brine, and dry over Na2SO4. Filter and evaporate
t he solvent to gi ve°h‘f’rPfé7‘t“‘i’"i'°rPéT°’6[6?fﬁR§5ﬂ‘PFc1’ P3O BRI 3180 g; 60% . Dissolve
t he decanted oil i nPN¥tey: TRA(Beayy) 194 meph \?/Gaﬁlhanﬂe‘t‘hlﬁE&"(@mﬂavef“ﬁl r the agueous

| ayer with EA (5 L)mimrfgieostdjdesgite th tepaueptCfwash ith sapyjatpdtseduebidergenate0- 11 wWith 2 N
NaOH. 20 Separ at e t dnesvprganiraniqdsa Peily haagde ondor: Hichelivivs,%» and dry over Na2SO4.
Filter, and evapor ati®HDO@w0 brovidt thediic@empduidy1382av;l0 p2zmgnolt H@. MsaBsindue EA; filter and
wash with MIBE. Dry-&emeipt ai n additional title conmpound (46.42 mmol; 31.0
g; 5.88 % as pale rose solid. Ili NWR (400 MHz, DvsO): 8.18 (s, 1H),

7.99-7.95 (m 2H) 7. 7ikrepé:§the:uﬂl)wmgZtééedlztcsgﬂgm!nmsin%&that@sc%ﬁhr(d J=7.1 Hz 1H)
6.54 (d, J=2 Hz 1H)preqa§m§$33 .35 (m 1H) |, 4.67 (s, 2H), 4.49 (d, J=13.1

25Hz, 2H), 4.03 (t 52 2Hy 389 (5 o1 370 (g 23— 3.69 (s, 3H),
3.15-3.09 (m 3H), |Bebfiokf, J= 6 6 Chizpoun@idme 2. 18 (s, %kﬂ'l 89-1.74 (m
4H). Preparation 1l62a (2S) - Benzvl| ¢ )

2-((2- (1-(5- et hyl- §- oxp- 6] 7% “ﬁgﬂg’@;ﬁﬁ:ﬂi‘z’ﬁ’@r(@g E’?’ -ld] pyri i di n- 4-

30yl ) pi peridin-4-yl)-4- (4 Jmang&ﬂm@;erhyll r)pheny1) | 1H i t ni dazol - 1-
ypnet hyl ) pi peri di n¢- 1-carp uorggpienyl)-2-{1-(7-e Site [(9), zyl

24(4- (4-fluoro-3-({ri T uof ﬁf; ﬁ;‘mﬁéﬁ;’\madé‘]&@%@’ﬁ A{)yl

1H i m dazol - 1- yOret hyf | pi gem{d(31¢serol4-fm@¢pb@»oy{[lat @yltSroxohydr ochljoride (1.1 g,

0.00168 nol, 5 1.0|eq”); W CHPGr Brgrgy Wpron i bwtatlidr o- g4 r ol of 2, 3d]
pyri m di n-6-one (0{4 T, U(k}1024{4mhloro4lﬂuaﬁolﬁéﬂjl),2[lwmﬁ-ok inC, 0. 011 nol, 7.0

eq) and 2-propanol (ZG?rL) |8P{dﬂadrlp?*qus'érvl@lwrﬂ'beyllawémhleat aﬁ§9 120C over ni ght
under seal ed condi tHom- L{}{Eﬁ"‘él}ﬁ‘bﬁy;‘f" ST B e aets it 3 o tats e W th wat er.

6}(4 ovier anhydr ous

urify

Extract in EA and yasp,t h|tehh9]lfogm-15}/hﬂo[2|,36yﬁlﬁndm il)l:p,pmm%

sodi um sul fate and|concen ra’td@"lt‘ﬂ@"“’é‘i‘Uqléd"tﬁbﬁ‘ﬁei‘ﬂﬁt‘f‘d = on silica gel
(100- 200 nesh) col gmT—16 ;;(@(ggﬂdgfgpgbwqglmxm“ﬂgsml et Fool the
fractions containi ng Bhe (deskl.edydatmpolmredidignd-18omaen

the title conpound| N5 (._C‘*“yl)me"‘flz,‘?h"?d’;’“*ga’?”mlc cid be

(414- (4~ FI UOr 0- 3~ t § i  Lair o IEhbyl mmpReRY A oheiodmRBt hy |
| -2-y111- pi peri di b-1-y11l Ryl)ﬁmmdld«kyﬁﬂﬁwmmqltﬂ)bthrcaﬂbmdl :
hydr ochl ori de 15"

Preparation 141
5,5-Dibromo-4-chloro-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one

Add pyridinium bromide perbromide (3 equiv; 70.5 g; 266 mmol) to a solution of
15  4-chloro-7H-pyrrolo[2,3-d]pyrimidine (66.1 mmol; 10.16 g) in t-butyl alcohol (400 mL)



Di ssol ve (2-

{4-(4-fluoro-3-trifluoronethyl-phenyl)-2-[1-(6-0x0-6, 7-di hydro-5Hpyrrol o[ 2,
3-cl ] pyriwDanr/046363) - pi peri di n-4-y1lJ-im dazol - 1- y1} - et hplCrAarseaoapbsocar bam c
acid benzyl ester (213 unol; 136 ng) in conc. HC1 (8 nL) and heat to 50C
for 60 mMm Cool to RT, extract 2 tinmes with ether, evaporate the organic

| ayer, co-evaporate the residue 2 65 tinmes with MeOH, co-evaporate the
residue 2 times with DCM MeOH to provide 129.6 ng (0.21 mol; 99% of the
title conpound. M5 (ES+): mz = 504 (MtH). Prepare the foll ow ng exanples
essentially as described for 4- {444-(4-fluoro- 3-

5trifluoronet hyl - phenyl) - 142- net hyl at ni no-et hyl ) - 1H fi ni dazol - 2-y1] - pi perid
in-1-y1) -5,7- dihydro-pyrrolo[2,3-d]pyrimdin-6-one tris hydrochl oride:
Exanpl e Conpound Name Structure M5 (ES+): mlZ 2 4-{4-[4-(3-Chloro-4-

fl uoro-phenyl)-142- nethyl am no-ethyl )s5 1H i m dazol -2-y11-

pi peridin-1-yl)-5,7- di hydro-pyrrolo[2,3- d]pyrimdin-6-one tris
hydrochloride F* ci _ ""N'\-N,N C C C 1NN 470 (MtH 3 4-
{41443- Chl or 0-4- fluoro-phenyl)-1- (Rz 1- pyrrolidin-2-yl methy

| Hi mi dazol - 2-ylj - BtFett th ‘Pf“fdvld)m“‘s ropide R R STV %gbﬂ"%/f["zg

d] pyr imdin-6-one t lr |P§1tlon 1L EA/1.5 L water, extract three times with EA, combine organics and wash
with water (3 X 200 mL}), two times with brine, dry over MgSOQ,, filter and evaporate.
Suspend in hot DCM (200 mL), cool, filter and dry under vacuum to provide the title
5 compound (13.00 g; 39.7 mmol, 60%) as a tan solid. MS (ES+): m/z = 328 (M+H).

Preparation 142
4-Chloro-5,7-dibydro-pyrrolo[2,3-d]pyrimidin-6-one

10 Add zinc (2 equiv; 12.12 mmol; 792 mg) to a suspension of 5,5-dibromo-4-
chloro-3,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one (6.06 mmol; 1.98 g) in THF (20 mL)
and add saturated ammonium chloride aqueous (3 mL) at 20 °C (exothermic). Stir 20 min
then filter through Celite®, rinse with THF, wash the organic phase twice with saturated
ammonium chloride. Extract combined aqueous layers four times with 100 mL 1:1

15  THF:EA, wash the combined organic phases with saturated ammonium chloride, dry over
MgSOy, filter through silica gel plug, rinse with 1 L 5% MeOH/DCM and evaporate
filtrates. Suspend crude solid in refluxing mixtures of DCM/EA and load onto 330 g of
dry silica gel. Chromatograph with 0 to 2% MeOH/DCM to provide the title compound
3.89 g (22.93 mmol; 59%). MS (ES+): m/z = 168 (M-H).

20

Preparation 143
(R)-3-Amino-piperidine-1-carboxylic acid benzyl ester

Add 4M HCl in dioxane (100 mL) to a solution of (R)-3-zert-

25  butoxycarbonylamino-piperidine-1-carboxylic acid benzyl ester (71.65 mmol; 23.96 g) in
DCM (100 mL) and MeOH (10 mL). Stir 60 min and evaporate. Partition solid between
DCM and saturated sodium bicarbonate aqueous, extract three times with DCM, Wash
extracts with brine, dry over MgSQj, filter through Celite® and evaporate to give the title
compound 17.39 g (74.22 mmol; 104%). MS (ES+): m/z = 235 (M+H).

30

Preparation 144



hydrochloride 41 cl 0 - N ,"........ N'N.."..~ ", .. ci G CI NN 496 (M+-H)
4-1411(2- Am no- ethyl)-4(4-fluoro-3- trifluoronethyl-

phenyl) - Woi2niodaassB- 2- yl | - pi peridin-1-y1}-5,7- di hydr oPpyruseé00/05302@8- d]
pyri mdin-6-one 410,F F F 112N-\..-N, N N N H 490 66 5 4-
{444-(4-Fluoro-3- trifluoronethyl- phenyl)-1-(2- nmethyl am no-ethyl)-
1H i m dazol - 2-y11- piperidin-1 -yl1l} -5,7- dihydro-pyrrolof2, 3-
cl]pyrimdin-6-one ip F

56

(R)-3-[2-(4-Fluoro-3-trifluoromethyl-phenyl)-2-oxo-ethylamino]-piperidine- 1 -carboxylic
acid benzyl ester hydrochloride

Combine 2-bromo-1-(4-fluoro-3-trifluoromethyl-phenyl)-ethanone (1.00 equiv;

5 22.57 mmol; 6.43 g) in 15 mL DMF dropwise to a solution of (R)-3-amino-piperidine-1-
carboxylic acid benzyl ester (1 equiv; 22.57 mmol; 5.29 g) and TEA (1 equiv; 22.57
mmol; 3.15 mL) in DMF (30 mL). Stir 10 min. Dilute with EA, wash 3X with brine, dry
over MgSOs, filter, add 1 equiv 1M HCl in ether and evaporate to give 10.56 g orange
residue. Dissolve in IPA (100 mL), cool in ice bath, filter the solids, rinse with diethyl

10 ether, dry in a vacuum oven at 40 °C to provide the title compound (3.49 g; 7.35 mmol;
33%). MS (ES+): m/z = 439 (M+H).

Preparation 145
4-{((R)-1-Benzyloxycarbonyl-piperidin-3-yl)-[2-(4-fluoro-3-trifluoromethyl-phenyl)-2-

15 oxo-ethyl]-carbamoyl} -piperidine- 1-carboxylic acid fers-butyl ester

Add thiony! chloride (1.2 equiv; 10.5 mmol; 765 uL) dropwise over 3 min at 20

°C to a solution of piperidine-1,4-dicarboxylic acid mono-zert-butyl ester (1.00 equiv;

8.75 mmol; 2.03 g) and pyridine (5 equiv; 43.74 mmol; 3.54 mL) in DCM (60 mL). Stir
20 90 min. Add (R)-3-[2-(4-fluoro-3-trifluoromethyl-phenyl)-2-oxo-ethylamino]-piperidine-

1-carboxylic acid benzyl ester hydrochloride (0.80 equiv; 7.00 mmol; 3.32 g) followed by

TEA (3.5 equiv; 30.62 mmol; 4.3 mL) dropwise over 3 min and stir 18 h. Wash the

organic phase 3X with 1N HCI, water, brine, dry over MgSQOy, filter and evaporate. Purify

the residue on 150 g silica gel with 20-50% EA/DCM to provide the title compound (2.86
25  g; 441 mmol; 50%). MS (ES+): m/z = 672 (M+Na).

Preparation 146
4-[1-((R)-1-Benzyloxycarbonyl-piperdin-3-yl)-4-(4-fluoro-3-trifluoromethyl-phenyl)-1H-
imidazol-2-yl]-piperidine-1-carboxylic acid fert-butyl ester
30
Heat a solution of 4- {{(R)-1-benzyloxycarbonyl-piperidin-3-y1)-[2-(4-fluoro-3-
trifluoromethyl-phenyl)-2-oxo-ethyl]-carbamoyl} -piperidine-1-carboxylic acid ters-butyl



FFA\NN...-N,NH. .1 NH504 6 (R-4- (4-[4-(4-Fluoro-

3-trifluoronethyl phenyl)-1-(piperidin-3- yl)-1H i m dazol -2-y1]-

pi peri di rwb-29mjose®Bt pyrnal o [ 2, 3- d] pyri m di n- 6(7H) - on@crrisgooapeioeechl ori de
. FFTJ HJO HCO HCI NCei'D 530 (Mt1) 7 (S)-6- {444-(3-Chloro-

4-f| uorophenyl)-1- (pyrrolidin-2- ylnethyl)-1H i m dazol -
2-A-piperidin-1-y11-7- ethyl-7H purin-8(9H)- one hydrochloride N r N NC

57

ester (4.40 mmol; 2.86 g) in DMF (2.5 mL) and ammonium acetate saturated in acetic
acid (15 mL) at 90 °C for 8 h. Dilute with EA, wash the organic phase 3X with water,
saturated sodium bicarbonate, brine, dry over MgSO, and filter. Purify the residue on 80
g silica gel with 5-20 % EA/DCM to provide the title compound (2.08 g; 3.30 mmol;

5 75%). MS (ES+): m/z = 631 (M+H).

Preparation 147
4-[(R)-4-(4-Fluoro-3-trifluoromethyl-phenyl)-1-piperidin-3-yl-1H-imidazol-2-y1}-

piperidine- 1-carboxylic acid fert-butyl ester

Hydrogenate a solution of 4-[1-((R)-1-benzyloxycarbonyl-piperdin-3-yl)-4-(4-
fluoro-3-triflucromethyl-phenyl)-1H-imidazol-2-yl]-piperidine-1-carboxylic acid ters-
butyl ester (1.71 mmol; 1.08 g) in methanol (20 mL) with 10 % Palladium on carbon (100
mg) and 1 atmosphere of hydrogen gas for 60 min. Add Celite® and filter, rinse with
15 DCM and evaporate to provide the title compound (834.3 mg; 1.68 mmol; 98%). MS
(ES+): m/z = 497 (M+H).

Preparation 148
4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)- 1-((R)- 1-methyl-piperidin-3-yl)-1H-imidazol-2-
20 yl]-piperidine-1-carboxylic acid fert-butyl ester

Combine 4-[(R)-4-(4-fluoro-3-trifluoromethyl-phenyl)- 1-piperidin-3-yl-1H-
imidazol-2-yl]-piperidine- 1-carboxylic acid fert-butyl ester (1.49 mmol; 741 mg);
formaldehyde (5 equiv; 7.46 mmol; 560 pL}); sodium triacetoxyborohydride (2 equiv;

25 2.98 mmol; 632 mg) and THF (25 mL) and stir at 20 °C for 20 min. Dilute with EA,
wash the organic phase 2X with saturated sodium bicarbonate, brine, dry over MgSO,,
filter and evaporate to provide the title compound (790.3 mg; 1.55 mmol; 104%). MS
(ES+): m/z = 511 (M+H).

30 Preparation 149
(R)-3-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-2-piperidin-4-yl-imidazol-1-y1]-1-methyl-
piperidine



|- 526 8 (R)-6- {414-(3-Chloro- 4-fluorophenyl)-1- (pyrrolidin-2-

yl met hyl ) - 1H i m dazol - 2-yl]-piperidin-1-y11-7- ethyl-7H purin-8(9H)- one
hydr ochl owode161056563 HCI N NN 526 67 9 6-{4-[4-(3,4- D PCuarsomhams3pl) - 1- (2-
(et hyl am no) et hyl )- 1Hi m dazol -2-y1]- piperidin-1-yl) -7-ethyl-

7H purin-8(9H)-one hydrochloride ---re" N.---N HCl 41 N

58

Add 4M HCl in dioxane (6 mL) to a solution of 4-[4-(4-fluoro-3-trifluoromethyl-
phenyl)-1-((R)-1-methyl-piperidin-3-yl)- 1H-imidazol-2-yl]}-piperidine-1-carboxylic acid
tert-butyl ester (1.55 mmol; 790 mg) in methanol (2 mL) and DCM (5 mL) and stir 1 h.

5  Evaporate to provide 847 mg tris HCI salt. Partition 712 mg tris HCI salt between
DCM/saturated sodium bicarbonate, dry over MgSQ,, filter and evaporate to provide the
title compound (529.6 mg; 1.29 mmol; 94%). MS (ES+): m/z = 411 (M+H).

Prepare the following intermediate in a manner similar to that described in

10 preparation 149:

. MS (ES+):
Preparation Compound Name
m/z (M+H)
(R)-Benzyl 3-(4-(4-fluoro-3-(trifluoromethyl)phenyl)-2-
150 (piperidin-4-yl)-1H-imidazol-1-yl)piperidine-1- 531
carboxylate

Preparation 151
(R)-2-{4~(3-Chloro-4-fluoro-phenyl)-2-[ 1-(6-0x0-6,7-dihydro-5H-pyrrolo[2,3-
d]pyrimidin-4-yl)-piperidin-4-yl]-imidazol-1-ylmethyl}-pyrrolidine- 1 -carboxylic acid
15 benzyl ester

Combine potassium fert-butoxide (1.1 equiv; 321 pmol; 36.8 mg); [PrPd(acac)Cl

(0.08 equiv; 23.4 pmol; 14.8 mg) and stir bar in 25 mL 3 neck flask and purge with
nitrogen for S min. Add anhydrous DME (3 mL) followed by 4-chloro-5,7-dihydro-

20  pyrrolo[2,3-d)pyrimidin-6-one (1 equiv; 292 pmol; 50 mg); (R)-2-[4-(3-chloro-4-fluoro-
phenyl)-2-piperidin-4-yl-imidazol-1-ylmethyl]-pyrrolidene- 1-carboxylic acid benzyl ester
tris hydrochloride (1.1 equiv; 321 pmol; 159.6 mg) and 0.5 mL 1,2-DME and heat to 80
°C for 18 h. Dilute with EA, wash the organic phase with water, saturated sodium
bicarbonate, brine, dry over MgSOs, filter and evaporate. Purify the residue on 40 g silica

25  gel with 5 % MeOH/DCM to provide the title compound (124.7 mg; 0.198 mmol; 68%).
MS (ES+): m/z = 630 (M+H).



r N 483 10 4-{4-[(3,4- D fluorophenyl)-1- (pyrrolidin-2-

yl met hyl )-1H i m dazol - 2-yli-piperidin-1-y1l) - 5Hpyrrolo [2, 3-

d] pyri m dwo-26(0fupseene I1t, * N 480 11 4- {4-[4-(4-Fl uoPoT8552009/063020
trifluoromethyl- phenyl)-1-(pyrrolidin- 2-ylnmethyl)-1H im dazol-2-y1]-

pi peridin-1-y1) -5H pyrrolo [2,3- d]pyrimdin-6(7H) -one hydrochloride N -
k
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Prepare the following intermediate in a manner similar to that described in

preparation 151:

MS (ES4):

Preparation Compound Name
m/7 (M+1)

(R)-Benzyl 3-(4-(4-fluoro-3-(trifluoromethyl)phenyl)-2-(1-
(6-0x0-6,7-dihydro-5H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidin-4-yl)-1H-imidazol-1-yl)piperidine-1-
carboxylate

152 664

Preparation 153
5 Methy! 2-(4,6-dihydroxypyrimidin-5-yl)acetate

Add triethy] ethane-1,1,2-tricarboxylate (74.75 g; 1.00 equiv; 303.54 mmol; 69.41
mL) to a solution of sodium methoxide (139.6 mL of 25% wt in MeOH, 4.35M) (131.2 g;
2.00 equiv; 607 mmol) in methanol (224.8 mL), then add formamidine hydrochloride
10 (25.19 g, 1.01 equiv; 306.58 mmol) at RT. Stir the mixture overnight. Acidify with 37 %
HCI at 0 °C.; filter the solids and dry in vacuo overnight to give the title compound (55.89
g; 99.99% yield) as a white solid. "H NMR (300 MHz, DMSO): 8.03 (s, 1H), 3.55 (s,
3H), 3.24-3.15 (m, 2H).

15 Preparation 154
Methy! 2-(4,6-dichloropyrimidin-5-yl)acetate

Add a suspension of methyl 2-(4,6-dihydroxypyrimidin-5-ylacetate (46.65 g;

1.00 equiv; 253.33 mmol) to phosphoryl chloride (235.41 mL; 10.00 equiv; 2.53 mol) and
20  stirat reflux 3 h. Distill under vacuum to 1/3 of the original volume and pour the mixture

into a 4 °C solution of aqueous potassium phosphate, dibasic (2M) (2.53 L; 20 equiv; 5.07

mol). Extract with EA, dry over MgSO,, filter and concentrate in vacuo. Purify the crude

by silica plug using DCM as eluent to give the title compound (30.32 g; 137.17 mmol;

54.15% yield) as a pale yellow solid. 'H NMR (300 MHz, DMSO): 8.89 (s, 1H), 4.03 (s,
25 2H),3.69 (s, 3H).

Preparation 155



i F HCO F 530 (M+l) EXAMPLE 11 a 5-Ethyl-4-

{444-(4-fluoro-3-(trifluoronethyl)

phenyl) - MO&ptogisp@ssi di n- 2- yl met hyl ) - 1H m dazol - 2- y1] - pi pemius2ev9/08302¢/ 1)

-5, 7-di hydro-pyrrol o[ 2, 3-d] pyri m din-6-one tris 5hydrochloride 68 .3HCL

NJX-c | N Charge (2S)-benzyl

242- (1- (5-et hyl - 6- oxo- 6, 7-di hydr o- SH pyrrol o[ 2, 3-

d] pyri m di n-4-yl)piperidin-4-yl)-4-(4-fluoro-3

-(trifluoronethyl)phenyl)-1Hi m dazol - 1- yl) et hyppi peridine-1 -carboxyl ate

(0.45 g; 1.0 eq) in concentrated HC1 (10 rnL) and heat 5 at 50C for 1 hour.

After conpletion, concentrate the reaction nmass, strip with tol uene and

triturate and wash with diethyl ether followed by DCM and pentane. Dry

under vacuumto get 0.39 g (90% of the title conmpound as an off-white

solid. (ES+): mz= 572 (M+H). EXAMPLE (2 104-

444- (4- Fl uoro-3-trifluoronet hyl - phenyl)-14(R)-1-net hyl - pi peridin-3-yl)-1H

i m dazol -2-y11-pi peridin-1-y1}-5, 7-di hydro-pyrrol o[ 2, 3-dl pyri m di n- 6-one

hydrochl oride N N Conbi ne potassiumtert-butoxide (1.1 equiv, 321

unmol ; 36.8 ng); | PrPd( adat) s ¢-mekuboargppmidiptybecag 4 ng) and stir bar

in 4 nL vial and purge with nitrogen for 10 15 mn. Add anhydrous DVE (2.5

m.) followed by 4-chl ofos@utioofaiethylt.eichigrprrig|digf-PDacGate (HP payir: B3P di n- 6- one (1

equi v; 292 p.nol; 5@molyf)Pes) in DMF (0.5 M; 1.68 mol; 130.20 mL), add 4-methoxybenzylamine (1.10

(R)-344- (4-f| uor & 3eqtiv: 7151 ok CHBL) by bIpaa 129 dapiv; 2-1 P 3i6ThhMandbsity | - | M dazol - 1-y1] -

1- met hyl - pi peri di Nememxut at@QCHoM h. @ehdh wht ie¥®rhter, exkadibinBEA, £8vatigd and heat to 80 C

for 18 h. Dilute W dfanicleer Wil VR Rlier and tride{d buer MY silicl drBhcat 3 WAt €r . Di ssol ve

purple solid in EA M&sh i baldousidds WnhiB8ess Qeisums DlakalRaRak e, brine, dry with

anhydr ous MgSOA, fi |k &lnumeE AR 3 R ehatlinisbys B 1&)97.297.1%#1,' ca gel with 2-10%
3

MeOH DCM t o provide, 99,6 &0 ol @30 £ 60 Tt conpound as the
free 5 base. Di ssolz\/Hz '?9n'8%\2/|)’4'5d§11' ik 'Gﬁﬂmﬁicﬂt(' - 'SL’eE)' and evaporate to

_ _ a equi'v 11n et
E;(Z\I\//:DEE ig 1 g of the E‘rlepg.rl tEe fo loQNin igtyngeqihte illl\{us eE SSIH-Il-I?al' to thqt!dgscn'fed g44 ( M¥ H) )

4-{4-[ 1- (2- Di net hy| S HB5- net hyl - propy1) - 4- (4-fl uoro-3-trifl uoronet hyl - phe
ny1) - 1H10i i dazol - 2 prpiep| per i Bt mepdNee - 5. 74 di hy BBt r ol of 2, 3-d] pyrimidin

-6-one hydrochl ori ¢gle "H NMR (400 MHz, CDCL):
8.33 (s, 1H), 7.21 (d, J= 8.4Hz,

1H), 6.46 (d, J=2.0 Hz, 1H),
6.42 (d, J)=8.4 Hz, J,=2.0 Hz,

Methyl 2-(4-chloro-6-(2,4-

156 d1methoxybenz]))'lan:n:o)pynmldm-S- 1H), 6.07 (bs, 1H), 4.62 (d, J=
ylacetate 6.0 Hz, 2H), 3.84 (s, 3H), 3.79
(s, 3H), 3.67 (s, 3H), 3.61 (s,
2H),
15 Preparation 157

4-Chloro-7-(4-methoxybenzyl)-5H-pyrrolof2,3-d]pyrimidin-6(7H)-one

Add a solution of methyl 2-(4-chloro-6-(4-methoxybenzylamino)pyrimidin-5-

yDacetate (16.21 g, 1.00 equiv; 50.38 mmol) to HCI (4M in dioxane) (126 mL; 10 equiv;
20 503.79 mmol) and water (4.54 mL; 5 equiv; 251.89 mmol) and stir at 100 °C for 2 h.

Remove dioxane in vacuo and extract with EA. Wash the organic layer with saturated

NaHCOs3, water, then brine. Dry over MgSOs, filter and concentrate in vacuo. Purify the

residue by ISCO 330 g using EA:hex 20 to 70% as eluent to obtain the title compound

(11.15 g; 38.49 mmol; 76.39 % ) as a yellow solid. 'H NMR (300 MHz, DMSO): 8.65 (s,
25 1H), 7.29-7.26 (m, 2H), 6.89-6.85 (m, 2H), 4.79 (s, 2H), 3.80 (s, 2H), 3.71 (s, 3H).



Cl I NN Conbi ne
{244-(4-fluoro-3-trifluoronethyl-phenyl)-2-piperidin-4-yl-imdazol -1-

yl] -1, 1- dvoentwdsessshy 1} - di net hyl ami ne tri s hydrochl ori dectasZoowiosake 200
ng); 4-chlorob, 7-di hydro-pyrrol o[ 2, 3Apyri m di n-6-one (1.5 equiv; 575 gnol;
97.5 ng); TEA (1.92 15 mmmol; 267 gL); DWF (2 nL) and heat in mcrowave
reactor at 160C for 30 mn. Evaporate and purify on 40 g silica gel with
2-7.5 % MeOH DCM to provide 137.3 ng (0.25 mmol; 66% of the title conpound
as the free base. Dissolve in DCM MeOH, add 1 equiv 1M HCl1 in ether and
evaporate to provide 162.4 ng of the title conpound. M5 (ES+): mz = 546

(MH) . 20 Prepare the foll ow ng exanpl es essentially as described for
4-{441- ( 2-

di et hyl am no- 2- net hyl - propyl) - 4- (4-fluoro-3-trifluoronethyl-phenyl)-1Him
dazol -2- ylil-piperidin- | -yl11-5,7-di Rydro-pyrrolo [2,3-d]pyrim di n-6-one

hydrochl oride: 70 Exanple Conpound Nanme Structure WMS (ES+): mz (M+tH) 14
4- (444-(4-Fluoro-3- trifluoronethyl-phenyl)-1- (2-(isopropyl-nethyl-

am no) -ethyl)-1H i m dazol - 2-yli-piperidin-1-yll -5, 7- dihydro-pyrrolo[2, 3-
cfl pyrimdin-6-one hydrochloride F 4iF F 1- \.- -7".N---"N, NNa N

Preparation 158
4-Chloro-7-(2,4-dimethoxybenzyl)-5H-pyrrolo[2,3-d]pyrimidin-6(7H)-one

5 Combine a solution of methyl 2-(4-chloro-6-(2,4-dimethoxybenzylamino)

pyrimidin-5-yl)acetate (1.00 equiv; 2.23 mol; 783 g) in p-toluenesulfonic acid (0.5 equiv;
1.10 mol; 212 g) with Toluene (12 L) and stir at reflux. After 1 h, remove toluene in
vacuo and extract with DCM. Wash the organic layer with saturated NaHCO3(,q) and
brine, dry over Na,SO,, filter and concentrated in vacuo. Slurry the residue in methanol

10  (2L) and concentrate in vacuo to approximately 1 L. Cool the slurry to 10 °C, filter,
wash with cold methanol, and dry to obtain the title compound (1.65 mol; 527 g; 74.05
%) as a yellow-orange solid. 'H NMR (400 MHz, CDCls): 8.59 (s, 1H),7.13 d, J=
§.4Hz, 1H), 6.43 (d, J=2.0 Hz, 1H), 6.40 (d, J=8.5 Hz, 1H), 4.92 (d, s, 2H), 3.79 (s, 3H),
3.77 (s, 3H), 3.60 (s, 2H).

15
Preparation 159
4-(1-(2-(Dimethylamino)ethyl)-4-(4-fluoro-3-(trifluoromethyl)phenyl)- 1H-imidazol-2-
yl)piperidine-1-carboxylic acid fert-butyl ester
20 Combine a solution of 4-[4-(4-fluoro-3-trifluoromethyl-phenyl)- 14 -imidazol-2-

yl]-piperidine-1-carboxylic acid fert-butyl ester (25.00 g; 1.00 equiv; 60.47 mmol) in
DMSO (200.00 mL; 2.82 mol) with KOH (powder) (9.98 g; 151.18 mmol) and heat the
mixture to 45 °C. To this solution, add 2-chloro-N,N-dimethylethanamine hydrochloride
(10.45 g; 1.20 equiv; 72.57 mmol). Stir the mixture at 45 °C for 3 h. Pour the mixture
25  into ice-water, stir at RT and extract with EA. Wash the organic layer with water (3x)
and brine; dry over MgSQOy, filter and concentrate in vacuo to give the title compound
(28.00 g; 57.79 mmol; 95.56%) as a yellow oil and use without further purification. 'H
NMR (300 MHz, DMSO): 8.04-8.00 (m, 2H), 7.74 (s, 1H), 7.46 (t, J= 9.9 Hz, 1H), 4.06-
3.99 (n, 4H), 3.03-2.93 (m, 3H), 2.57 (t, J= 6.3 Hz, 2H), 2.19 (s, 6H), 1.81-1.77 (m, 2H),
30 1.70-1.55 (m, 2H), 1.42 (s, 9H).

Preparation 160



546 15 4- (441-(2-tert-Butylam no- ethyl)-4-(4-fluoro-3-
trifluoronethyl-phenyl)-1H i m dazol -2-yl]-piperidin-1- yl)

-5, 7- di hymwoaomyesssBo[ 2, 3- d] pyri m di n- 6- one bi s hydr ochlPOTit$2008/0¥5020
4---N-N.,...N7 a N CA N 546 16 4- (444-(4-Fluoro-3-
trifluoronethyl-phenyl)-1- (2-((R)-2-hydroxynethyl -
pyrrolidin-1-yl)-ethyl)-1H i m dazol-2-A-piperidin-1- yl)

-5, 7-di hydro-pyrrol o[ 2, 3- d] pyri m di n-6-one hydrochloride F 4,F N a 14’
574

62

2-(4-(4-Fluoro-3-(trifluoromethyl)phenyl)-2-(piperidin-4-yl)- 1 H-imidazol-1-yl)-N,N-
dimethylethanamine dihydrochloride

Combine a solution of 4-(1-(2-(dimethylamino)ethyl)-4-(4-fluoro-3-

5 (trifluoromethyl)phenyl)-1H-imidazol-2-yl)piperidine-1-carboxylic acid fers-butyl ester
(28.00 g; 1.00 equiv; 57.79 mmol) in DCM (280.00 mL; 4.37 mol) with a 4 M solution of
hydrogen chloride in methanol (50.56 mL; 3.50 equiv; 202.25 mmol). Stir the green
suspension at RT for 3 h. Evaporate the solvent, and add EA (100 mL) and evaporate
again. Add EA (200 mL) and stir the suspension for 30 m. Filter on a glass fritted funnel

10 to obtain the title compound (26.00 g; 56.85 mmol; 98.38% yield) as a green solid. m/z
(M+H): 385.2

Preparation 161
4-(4-(1-(2-(Dimethylamino)ethyl)-4-(4-fluoro-3-(trifluoromethyl)phenyl)- IH-imidazol-2-
15 yDpiperidin-1-yl)-7-(4-methoxybenzyl)-5H-pyrrolo[2,3-dJpyrimidin-6(7H)-one

Add a solution of 4-chloro-7-(4-methoxybenzyl)-5H-pyrrolo[2,3-d]pyrimidin-

6(7H)-one (18.11 g; 1.05 equiv; 62.52 mmol) in NMP (156.50 mL; 1.62 mol) at RT to 2-
(4-(4-fluoro-3-(trifluoromethyl)phenyl)-2-(piperidin-4-y1)- 1 H-imidazol-1-y1)-N,N-

20  dimethylethanamine dihydrochloride (31.30 g; 1.00 equiv; 59.54 mmol) and DIPEA
(51.92 mL; 297.71 mmol) and stir overnight at 50 °C. Quench the reaction with water
(900 mL) and EA (200 mL) and adjust the pH of the mixture to 1-2 with H;PO,4 [85%
aqueous (aq.)). Stir for 15 min and separate the phases. Extract the organic phase with a
H;3POj solution (15% aq. 3x100 mL). Wash the combined aqueous phases with EA/tert-

25  butylmethyl ether (tBuOMe) (4/1) (3x150 mL). Adjust the pH of the aqueous phase to 9
with solid K,COjs and extract with EA (3x15 mL). Wash the combined organic phases
with brine, decolor with charcoal, and filter over Celite®. Combine the filtrates and
evaporate. Crystallize the residue from EA/tBuOMe to obtain the title compound (17.00
g; 26.66 mmol; 44.77% yield) as pale rose solid. "H NMR (300 MHz, CDCl): 8.36 (s,

30 1H), 7.91-7.83 (m, 2H), 7.43-7.40 (m, 2H), 7.17-7.11 (m, 2H), 6.86-6.81 (m, 2H), 4.87 (s,
2H), 4.56 (d, J= 13.4 Hz, 2H), 4.13-4.07 (m, 2H), 3.77 (s, 3H), 3.63 (s, 2H), 3.40-3.36 (m,
2H), 3.21-3.05 (m, 3H), 2.74 (t, J= 6.6 Hz, 2H), 2.40-2.35 (m, 6H), 2.09-1.99 (m, 2H).



17 4- {444-(3-Chl oro-4-fluoro- phenyl)-1-(2-(ethyl-
| sopropyl -am no)-ethyl)-1H imdazol -2-yl]-piperidin-1- yl)

-5, 7- di hywoaemyesssBo[ 2, 3- d] pyri m di n- 6- one hydrochl ori #€eTAB2@9(063020 . . . .

N--N. .. .. N,N1CA 1.1'IN 527 71 18 4- {441-(2-tert-Butyl am no-

et hyl)-4-(3-chl oro-4-fluoro- phenyl)-1Him dazol -2-y1]- piperi
din-1-y11-5, 7-di hydro- pyrrol o[ 2, 3-d] pyri mdin-6- one hydrochl oride
e B NF'A -
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Preparation 162
4-(4-(1-(2-(Dimethylamino)ethy1)-4-(4-fluoro-3-(trifluoromethyl)phenyl)- IH-imidazol-2-
yl)piperidin-1-y1)-7-(2,4-dimethoxybenzyl)-SH-pyrrolo[2,3-d[pyrimidin-6(7H)-one

Combine a mixture of 4-chloro-7-(2,4-dimethoxybenzyl)-SH-pyrrolo[2,3-
d]pyrimidin-6(7H)-one (1.10 equiv; 868.3 mmol; 277.63 g) in methanol (62.44 mol; 2.53
L) at RT, a solution of 2-(4-(4-fluoro-3-(trifluoromethyl)phenyl)-2-(piperidin-4-y1)-1H-
imidazol-1-yl)-N,N-dimethylethanamine dihydrochloride (1.00 equiv; 789.35 mmol;
10 361.0 g) and TEA (9077 mmol; 1265 mL}) in methanol (62.44 mol; 2.53 L) and stir the
mixture overnight at 55-60 °C. Partition the reaction mixture between water (10 L) and
EA (10 L). Extract the organic layer with 2 N HC1 (5§ L). Separate and extract the
aqueous layer with EA (5 L). An oil separates in the aqueous layer. Decant the aqueous
liquid and hold the oil for recovery of product. Stir the decanted aqueous layer with EA
15 (5L) and adjust the pH of the mixture to 10-11 with 2 N NaOH . Separate the organic
layer, wash with brine, and dry over Na,SO4. Filter and evaporate the solvent to give the
title compound (473.3 mmol; 316.0 g; 60 %).
Dissolve the decanted oil in water (15 L) and wash with EA (5 L). Stir the
aqueous layer with EA (5 L) and adjust the pH of the mixture to 10-11 with 2 N NaOH.
20  Separate the organic phase, wash with brine, and dry over Na,SO,. Filter, and evaporate
the filtrate. Crystallize the residue EA; filter and wash with MTBE. Dry to obtain
additional title compound (46.42 mmol; 31.0 g; 5.88 % ) as pale rose solid. "H NMR
(400 MHz, DMSO): 8.18 (s, 1H), 7.99-7.95 (m, 2H), 7.71 (s,1H), 7.43-7.39 (m, 2H), 6.76
(d, =7.1 Hz 1H), 6.54 (d, J=2 Hz 1H), 6.38- 6.35 (m, 1H) , 4.67 (s, 2H), 4.49 (d, J=13.1
25 Hz, 2H), 4.03 (t, J=6.52,2H), 3.89 (s, 2H), 3.78 (s, 3H), 3.69 (s, 3H), 3.15-3.09 (m, 3H),
2.57 (t, J= 6.6 Hz, 2H), 2.18 (s, 6H), 1.89-1.74 (m, 4H).

Preparation 162a
(2S)-Benzyl 2-((2-(1-(5-ethyl-6-0x0-6,7-dihydro-5H-pyrrolo[2,3-d]|pyrimidin-4-
30 yDpiperidin-4-yl)-4-(4-fluoro-3-(trifluoromethyl)phenyl)- 1H-imidazol-1-
yl)methyl)piperidine- 1-carboxylate



, Nci N512 19 4- {444-(3-Chloro-4-fluoro- phenyl)-1-(2-(isopropyl-
nmet hyl -am no) -et hyl )-1H im dazol -2-y11-piperidin-1- yl}

-5, 7- di hymwoaemyesssBo[ 2, 3- d] pyri m di n- 6- one hydr ochl ori ®#€T/US2008/083020
N 512 20 6- {4-[1-(2-D nethyl am no- et hyl)-4-(4-fluoro-3-
trifluoronethyl-phenyl)-1H m dazol -2-yl11l-piperidin- 1 - yl)

-7,9-di hydro-purin-8-o0one\ NFF 1, NN
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Combine (S)-benzy! 2-((4-(4-fluoro-3-(trifluoromethyl)phenyl)-2-(piperidin-4-yl)-
1H-imidazol-1-yl)methyl)piperidine- 1-carboxylate trihydrochloride (1.1 g, 0.00168 mol,
5 1.0 eq ); 4-chloro-5-ethyl-5,7-dihydro-pyrrolo[2,3d] pyrimidin-6-one (0.4 g, 0.002 mol,
1.2 eq); DIPEA (2 mL, 0.011 mol, 7.0 eq) and 2-propanol (20mL) in a pressure tube and
heat at 120°C overnight under sealed condition. Cool the reaction mass and dilute with
water. Extract in EA and wash the organic layer with brine. Dry over anhydrous sodium
sulfate and concentrate the crude compound. Purify on silica gel (100-200 mesh) column
10 using 10% acetone-DCM as eluent. Pool the fractions containing the desired compound

and concentrate under vacuum to the title compound. MS (ES+): m/z =706 (M+H).

EXAMPLE 1
4-{4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-1-(2-methylamino-ethyl)-1H-imidazol-2-yl]-
piperidin-1-yl}-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one tris hydrochloride

F
F
F

~

.

F
NNANN
cl
al
N d
N® I 0
LN

gas

Dissolve (2-{4-(4-fluoro-3-trifluoromethyl-phenyl)-2-[ 1-(6-0x0-6,7-dihydro-5H-
pyrrolo[2,3-d]pyrimidin-4-yl)-piperidin-4-yl]-imidazol- 1-yl}-ethyl)-methyl-carbamic acid
benzyl ester (213 pmol; 136 mg) in conc. HCI (8 mL) and heat to 50 °C for 60 min. Cool

to RT, extract 2 times with ether, evaporate the organic layer, co-evaporate the residue 2

ci



N 519 EXAMPLE 21 4-
(444- (4-Fluoro-3-trifluoronethyl -phenyl)-1-(2-(isopropyl -nethyl -am no)-ethy
1)-1H i nwoaawlos@seg11- pi peridin-1-yl1l}-7H pyrm o [ 2, 3- d] pgmiuseaime3o3) 6- di one
hydrochloride F 72 Conbi ne

(214- (4-fluoro-3-trifluoronethyl-phenyl)-2-piperidin-4-yl-imdazol -

yl | -ethyl}-isopropyl-nmethyl-amne tris hydrochloride (265 p.nol; 138 ng);
4-chl oro-5, 7- di hydro-pyrrol o[ 2, 3-d] pyri m di n-6-one (1.3 equiv; 344 pnol;
58.4 ng); nitrogen saturated DMF (1 nL) and TEA (10 equiv; 2.65 mol; 369
pL) and heat to 160Cin 5 mcrowave for 30 mm Evaporate and di ssol ve the
residue in MeOH, load onto 10 g SCX; wash with MeOH then DCM elute with 2M
NH3/ MeOH. Evaporate to give 189 ng dark reddi sh residue. Dissolve the
residue in 7N NH3/ MeOH and stir in pressure vessel at 50 C for 4 h and
evaporate. Purify the residue twce onRs40 g silica gel wth 5- 10 %

MeOH DCM to provide 26.3 ng (0.047 mmol ; 18% of the title conpound as the
10 free base. Dissolve in DCM and add 2 equiv (23.5 pL) 4M HCO /di oxane and
evaporate to provide 27.9 ng of the title conmpound. M5 (ES+): niz = 560

( M'I'H) EXAMPLE 22 times with IﬁeOH co-evaporate the residue 2 times with DCM/MeOH to provide 129.6

(444- (3- Chl or o- 4- f | vedt2 mpdh &11y o e tle compovel MEER 7ami°HY Bt hyl ) - 1H-i mi dazol - 2-y1]
- 15piperidin- 1

-y11-5- pyri di n- 4-yl met Pryphredwdoléying exghipleryckntaly pydeseritel ©424-3-«dipopypr | m di n- 6-one \ N
Conbi ne 5  trifluoromethyl-phenyl)-1-(2-methylamino-ethyl)-1H-imidazol-2-yl]-piperidin-1-y1}-5,7-
{214-(3-chloro-4-fl H@&@y@h[@,ﬂMMﬂ@r@heﬂ@ﬁyﬁdzﬁlﬂrﬂA yI -im dazol -1-yl]-ethyl}

di net hyl -am ne tri g fiydrpctitoride (9-5 U; 0. 0013 ot Tmb@sHEQUI V ) ;

4-chl or 0- 541- pyri di f4msl L rf"é‘t"l’fwdiNﬂ'@ne] 5, 7-Wi"ydr o- pyrr o),9[ 2, 3-d] pyri mi di n-6
-one (0.34 g; 0.00B3—ot; 6—20—eqytv)—BHPEAf+—++nt—6-0098 nol; 7.6
equi v); 2-propanol | (15 |nk)4[ ghloggl4crovxlave at G for |20 mn. Cool and
dilute with water. | Extractuowptin=d and wash wt'h brine. Concentrate the
crude and purify by revef n&{ﬂ @YDHPLC t o gNy®e the tiltl eowconpound as a
mxture of E and Z|i sbrer syl 0420 |5-4 90 . LESH) || iy o 573 (MHH).
(Note: Al olefin :orrpound@drapyeoquxtur es of asd Z i|somer sl) 73

Prepare the follow ng exaﬂﬁf‘%‘%" S8 "8 |manner g N ar to that described for 4-
{414- N
(3-Chl oro-4-fl uorofpneny[l)-I-(2- di met hyt arni no- et nyl - TH1 m dazol - 2-y1] -p
i peri din-1- a
y1}-5-pyridi n-4-yl ret hyl eaerbg-éudhishydr o-Qyrro 2, 3-d] pyri nm di n- 6- one.
Exanpl e Conmpound Name St [fly @ 1B -( ESH)-L, niX

pyrrolidin-2-ylmethyl- N
3 l_H-imidazol-Z-yl]- 296 (M+H)
piperidin-1-y1}-5,7-
dihydro-pyrrolo[2,3- aca
d]pyrimidin-6-one tris

N
hydrochloride y )I%
0
NP

4-{4-[1-(2-Amino- FF
ethyl)-4-(4-fluoro-3- HzN’\/N—,N
4 trifluoromethyl-
phenyl)-1H-imidazol-2- & 490
yl]-piperidin-1-yl}-5,7-

dihydro-pyrrolo[2,3-d]
pyrimidin-6-one NL\JI%(’
N




(Mt14) 23 4-{4-[1-(2-D nethyl am no- ethyl)-4-(4-fluoro-3-
trifluoronethyl-phenyl)-1H i m dazol-2-y1l-piperidin-1-yl}-

5- (1H i mwazolo/@eseyl net hyl ene) -5, 7- di hydr o- pyrrol o[ 2, 3PcIriysgemoszd2n- 6- one
s ' 41 - 596 24 4- {4-[1-(2-Dinethylamno- ethyl)-4-(4-fluoro-3-
trifluoronethyl-phenyl)-1H imdazol-2-yll-piperidin-I-yl}-

5-thi azol - 5-yl net hyl ene-5, 7- di hydro-pyrrolo [2,3- cl]pyrimdin-6-one NN
41 r - Ns N'"" .0

66

4-{4-[4-(4-Fluoro-3-
trifluoromethyl-
phenyl)-1-(2-
methylamino-ethyl)-
1H-imidazol-2-yl]-
piperidin-1-yl1}-5,7-
dihydro-pyrrolo[2,3-
d)pyrimidin-6-one

N
=0
NN

504

(R)-4-{4-[4-(4-Fluoro-
3-trifluoromethyl-
phenyl)-1-(piperidin-3-
yD-1H-imidazol-2-yl]-
piperidin-1-yl}-5H-
pyrrolo[2,3-
d]pyrimidin-6(7H)-one
tris hydrochloride

F
F

F
e/j HCLHCI Hl

530 (M+1)

(S)-6-{4-[4-(3-Chloro-
4-fluorophenyl)-1-
(pyrrolidin-2-
ylmethyl)-1H-imidazol-
2-yl}-piperidin-1-yl}-7-
ethyl-7H-purin-8(9H)-
one hydrochloride

i%

526

(R)-6- {4-[4-(3-Chloro-
4-fluorophenyl)-1-
(pyrrolidin-2-
ylmethyl)-1H-imidazol-
2-yl}-piperidin-1-yl}-7-
ethyl-7H-purin-8(9H)-
one hydrochloride

p
Af} 1
85

526




613 25 4- (444-(3,4-Difluoro-phenyl)- 1-(2-dinethylamno-ethyl)-

1H i m dazol - 2-yl1l1-pi peridin-1- yl}-5-thiazol-5-yl net hyl ene- 5, 7-di hydro

- pyrrol o[®P2e10a05699ri i ni di n-6-one NN'""\--N I N ( ill O pCT/US26009i063020 N 563
74 26 4- {4-[1-(2-Di nethylam no- ethyl)-4-(4-fluoro-3-
trifluoronethyl-phenyl)-1H im dazol-2-yll-piperidin-1-y1) -

5-(3H i m dazol -4- yl net hyl ene) -5, 7-di hydro- pyrrol o[ 2, 3-d] pyri m di n- 6- one
410. F \Nti N/

67
F
6-{4-[4-(3.4- f
Difluorophenyl)-1-(2- =
(methylamino)ethyl)- AR N
9 1H-imidazol-2-yl]- wa 483
piperidin-1-y1}-7-ethyl-
7H-purin-8(9H)-one b
. A
hydrochloride NI\\ o
N N
F
4-{4-[4-(3 4- F
Difluorophenyl)-1- S =
(pyrrolidin-2- H 7
10 ylmethyl)-1H-imidazol- 480
2-yl}-piperidin-1-yl}-
5H-pyrrolo[2,3- I
d)pyrimidin-6(7H)-one N.k D o
N
F
4-{4-[4-(4-Fluoro-3- F
trifluoromethyl- N FAS
phenyl)-1-(pyrrolidin- CK/N = -
2-ylmethyl)-1H- ¥
1 imidazol-2-yl}- 530 (M+1)
piperidin-1-yl}-5H-
pyrrolo[2,3- N
d]pyrimidin-6(7H)-one W)\/E%O
hydrochloride LN/ y
EXAMPLE 1la

5-Ethyl-4- {4-[4-(4-fluoro-3-(trifluoromethyl) phenyl)-1-((S)-piperidin-2-ylmethyl)-1H-
imidazol-2-yl]-piperidin-1-yl}-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one tris
5 hydrochloride



N NO t 596 27 4- {444-(3-Chloro-4-fluoro- phenyl)-1-(2-dinethyl am no-
ethyl)-1H i m dazol -2-yl1l]- piperidin-1-yll -5-thiazol-2-yl

met hyl enew®,28t0disk36dr o- pyrrol o[ 2, 3-d] pyri m di n- 6- one |t PRINVUS2008/063000 579 28
4- {414-(3-Chl oro-4-fl uorophenyl)- 1-(2-di net hyl am no-

ethyl)-1H i m dazol -2-y11- piperidin-1-yl) -5-thiazol-5-

yl met hyl ene-5, 7-di hydro- pyrrolo[2,3-d]pyrimdin-6-one 41 \ NN/ N/ 111" NN
s\ 0 N579

68

,,,,, NN
3HCL
N
NZ
Ny W
) N

N
Charge (2S)-benzyl 2-((2-(1-(5-ethyl-6-0x0-6,7-dihydro-SH-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidin-4-yl)-4-(4-fluoro-3-(trifluoromethyl)phenyl)- 1H-imidazol- 1-
ylymethyl)piperidine-1-carboxylate (0.45 g; 1.0 eq) in concentrated HCI (10 mL) and heat
5 at 50°C for 1 hour. After completion, concentrate the reaction mass, strip with toluene and
triturate and wash with diethyl ether followed by DCM and pentane. Dry under vacuum to
get 0.39 g (90 %) of the title compound as an off-white solid. (ES+): m/z= 572 (M+H).

EXAMPLE 12
10 4-{4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-1-((R)-1-methyl-piperidin-3-yl)- 1H-
imidazol-2-yl]-piperidin-1-yl}-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one hydrochloride

F
F

F
F

\O NN
(\5 a
N
NZ
(oo
Combine potassium fer¢-butoxide (1.1 equiv; 321 pmol; 36.8 mg); IPrPd(acac)Cl
(0.1 equiv; 29.2 pmol; 18.4 mg) and stir bar in 4 mL vial and purge with nitrogen for 10
15  min. Add anhydrous DME (2.5 mL) followed by 4-chloro-5,7-dihydro-pyrrolo[2,3-
d]pyrimidin-6-one (1 equiv; 292 umol; 50 mg); (R)-3-[4-(4-fluoro-3-trifluoromethyl-
phenyl)-2-piperidin-4-yl-imidazol-1-yl]-1-methyl-piperidine (1.1 equiv; 321 pmol; 131.8



29 4- {444-(3,4-D fluorophenyl)- 1-(2-dinethylam no-ethyl)-
1H i m dazol - 2-yli-piperidin4- yl1-5-((2-nethylthiazol-4-
yl ) met hylwoeptroditeipr r ol o[ 2, 3- d] pyrim di n-6(7H) - one * NRCRUS2004463020 N N
578 EXAMPLE 30 75 4-
{444-(3, 4-Di fl uor o- phenyl) - 1- (2- di net hyl am no-et hyl ) - 1H-i m dazol - 2-y1] - pi pe
ridin-1- yl1}-5, 5-di net hyl -5, 7-di hydr o- pyrrol o[ 2, 3-di pyri m di n- 6-one N
Tr - Conbine 2-(4-(3,4-di fluorophenyl)-2-(piperidin-4-yl)-1Him dazo
1-1-yl-N, N 5dinmethyl ethana.mne tris hydrochloride (028 g; 0.00064 nol),
4-chl oro-5, 5-di net hy1-5, 7- di hydro-pyrrol o[ 2, 3-d] pyri m di n-6-one (0.15 g;
0. 00076 nol), TEA (0.74 inL; 0.0053npl) in DMF (8.43 nL) and heat in
m crowave at 150C for 3 h; cool to RT and evaporate under vacuum Quench
the reaction with saturated sodi um bi carbonate solution and extract with
EA. Evaporate the EA layer and purifyn silica colum (60-120 nesh) 10
packed in DCM first with two volunes of 10% Acet one/ DCM fol | owed by 1-5%
MeOH DCM as eluent to give the title conmpound (0.05g; 15.92 %9. Ms (ES+):
mz 496 (MH). Prepare the foll owing exanple in manner simlar to
t hat descri bed for xag)inﬂh_eT t9 80°C for 18 h. Dilute with 15 mL water, filter, and rinse with water.
15( 3, 4- Di f | uor o- phePigdlvy purple feBlinfiArrash Wip|sagrticd tesiv bitgpngie. bind.dvi¥itdaz ol - 2- y1] - pi peri d
in-1-yl) -5,5- di metkygrdsMeSO.fitekvapgrete and pprifiron $le ofc2eel3ikf1p¥r i m di n- 6- one:

MeOH/DCM to pravide 99.6 mg (0.18 mmol; 63%) of the title compound as the free

5  base. Dissolve in DCM, add 1 equiv 1M HCl in ether and evaporate to provide 101 mg of
the title compound. MS (ES+): m/z = 544 (M+H).

EXAMPLE 13
4-{4-[1-(2-Dimethylamino-2-methyl-propyl)-4-(4-fluoro-3-trifluoromethyl-phenyl)- 1H-
10 imidazol-2-yl]-piperidin-1-yl}-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one hydrochloride

Combine {2-[4-(4-fluoro-3-trifluoromethyl-phenyl)-2-piperidin-4-yl-imidazol-1-
yl]-1,1-dimethyl-ethyl} -dimethylamine tris hydrochloride (247 umol; 200 mg); 4-chloro-
5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one (1.5 equiv; 575 umol; 97.5 mg); TEA (1.92

15  mmol; 267 uL); DMF (2 mL) and heat in microwave reactor at 160 °C for 30 min.
Evaporate and purify on 40 g silica gel with 2-7.5 % MeOH/DCM to provide 137.3 mg
(0.25 mmol; 66%) of the title compound as the free base. Dissolve in DCM/MeOH, add
1 equiv IM HCl in ether and evaporate to provide 162.4 mg of the title compound. MS
(ES+): m/z = 546 (M+H).

20

Prepare the following examples essentially as described for 4-{4-[1-(2-
dimethylamino-2-methyl-propyl)-4-(4-fluoro-3-irifluoromethyl-phenyl)- | H-imidazol-2-
yl]-piperidin-1-yl}-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one hydrochloride:



M5 (ES+) Exanpl e Conmpound Name Structure mx (Mrl) 76 31 4-

(441- (2-Di net hyl atni no-ethyl)- 4-(4-fluoro-3-trifluoronethyl -

phenyl ) - Woi2modagsB - 2-y11- piperidin- 1 -yl1-5,5-di et rgTAB2009/0630R¢/dr o
pyrrolo [2,3-d]pyrimdin- 6-one \ /tr"\--NN * FFF, N'ND546 EXAWPLE
32 4-

{444- (3-Chl oro-4-fluoro-phenyl)-1-(2-pyrrolidin-1-yl-ethyl)-1Him dazol -2-y
1]- piperidin-1-yl)-5,5-dinethyl -5, 7-di hydro-pyrrol o[ 2, 3-d] pyri m di n- 6- one
5 CI 0 NJ IN Conbi ne

444- ( 3- Chl or 0- 4-f | uor o- pheny1) - 1-(2-pyrrolidin-1-yl-ethyl)-1H1i m dazol - 2-y1
]-

70

MS
(ESH):

Example Compound Name Structure

(M+H)

4-{4-[4-(4-Fluoro-3- .
trifluoromethyl-phenyl)-1- F
(2-(isopropyl-methyl-

14 amino)-ethyl)-1H-imidazol-
2-yl]-piperidin-1-y1}-5,7-
dihydro-pyrrolo[2,3- N
d]pyrimidin-6-one N

hydrochloride k\N J e

546

4-{4-[1-(2-tert-Butylamino- F
ethyl)-4-(4-fluoro-3- ;\ —

trifluoromethyl-phenyl)-1H- NN

15 imidazol-2-yl]-piperidin-1- 546

y1}-5,7-dihydro-pyrrolo[2,3- .

d]pyrimidin-6-one bis
hydrochloride Nk: M=o

N N

4-{4-[4-(4-Fluoro-3- .
trifluoromethyl-phenyl)-1- (Q F
(2-((R)-2-hydroxymethyl- 0 |\/N—,N

16 pyrrolidin-1-yl)-ethyl)- 1H- 574

imidazol-2-yl]-piperidin-1- 6 o

yl}-5,7-dihydro-pyrrolo[2,3- N

d]pyrimidin-6-one N7
hydrochloride K, L=

4-{4-[4-(3-Chloro-4-fluoro- o
phenyl)-1-(2-(ethyl- L =
isopropyl-amino)-ethyl)-1H- NN N
17 imidazol-2-yl]-piperidin-1- ~ . 527
yl1}-5,7-dihydro-pyrrolo[2,3-
d]pyrimidin-6-one
hydrochloride




pi peridine tris hydroch

oride (0.3 g;

0. 00062 nol ),

4-chl oro-5, 5-di net hyl-5, 7-di hydropyrrol o[ 2, 3-d] pyri m di n-6-one (0.16 g;
0. 0008 now®,20/BeBBazabi cycl o[ 5. 4. 0] undec- 7- ene (DBU, OPT®H/USR0090630H1 nol )

into IPA (10 nmL) and sti

r at 120C for

16 h; cool

and 10 concentr at e.

Quench

the reaction with saturated sodi um bi carbonate solution and extract with
EA. Evaporate the EA | ayer and purify by columm chromatography using 0-5%
MeOH DCM as eluent to afford the title conmpound (0.045 g; 13.5 % . M
15Prepare the foll ow ng conpound in rmanner simlar

(ES+): nmlz = 538 (M1).
to that described for 4-

(3-Chl oro-4-fl uoro-phenyl)-1-(2-pyrrolidin-I|-yl
-5, 7-di hydro- pyrrol o[ 2, 3-d] pyri m di n- 6- one:
mz (M1l) 33

-ethyl)-1H

5, 5-di net hyl1-5, 7-di hydr o-

ri di n-1- y1}-5,5-di net

Exanpl e Conpound Nane Structure MS (ESt):
1- (2- pyrHolidin-

4-{444- (3, 4-
i mdazo

Di fl uor o- phe

-2-yl] - pi peridin-

{ 444-
hyl

nyl) -
| -y1l)-

1-yl

-ethyl)-1H1im dazo

- 2- A-pi pe
77

pyrrol o[ 2, 3-d] pyri mi di n-6-one * 04 522 EXAMPLE 34 enzyl-4- (44
1- (2-di net hyl am no-ethyl)-4-(4-fluoro-3-trifluoronethyl-phenyl)-1H
i m dazol -2-yl] -piperi din-1-yl) -5, 7-di hydro-prolo|[2,3-d] pyrim
din-6-one N N5 Cormh [1€2-ters-Butylamino- i
5-benzy|idene-4-(4-(1-(2-@Mhﬁth p-&fluorp-r) 0- ePﬁyLﬁ?A-(4-f uor o- 3-
trifluoronethyl - pheny) - thfﬁfgﬁgﬁﬁﬁz y1) - pi pekj din- 1} y -5, 7-di hydr o- pyrro
| o[ 2, 3- d] pyri m di n- 6- onepyfdd(23-dgrimidle-€(G050 nol Pt 02/ C (0. 15 g; 0.00055
mol ) in ethanol (5|nl) and @ﬁW*WMﬂﬁer a hydro al | pon atnosphere at 80 C
for 16 h. Cool the|reactfjon to RT, 10f[ilter throlgh Celite(fr) and
concentrate. Purify over[silica gel cqlumm using thanol 1]

4- {4-[4-(3-Chloro-4-fluoro- /_;gf

phenyl)-1-(2-(isopropyl- ~ =

methyl-amino)-ethyl)-1H- NN N

19 im?ctla};ol%mZ-yl(izpeipc}rIiZlin- 1- Y a 512
yl}-5,7-dihydro-pyrrolo[2,3-
d]pyrimidin-6-one N
hydrochloride N o
lﬁN N
6-{4-[1-(2-Dimethylamino- - :
{etl[lyl()-4-(4-gtlo);:§- ° NN
20| trifluoromethyl-phenyl)-1H- (\S 519
imidazol-2-yl]-piperidin-1-
yl}-7,9-dihydro-purin-8-one N .
t“ »=o0
EXAMPLE 21

4-{4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-1-(2-(isopropyl-methyl-amino)-ethyl)- 1H-

imidazol-2-yl]-piperidin-1-y1}-7H-pyrrolo[2,3-dJpyrimidine-5,6-dione hydrochloride



DCM as eluent to give the title conmpound (105 ng; 35%. MS (ES+): nmiz = 608
(M+1). Prepare the foll ow ng exanples in manner simlar to that
descri bedwbani0dshenpzyl 4- PCT/US2009/063020
{4-[1-(2-dinethyl am no-ethyl)-4-(4-fluoro-3-trifluoronethyl-phenyl)-1Himd
azol -2- yfl-piperidin-1 -y1) -5,7-di hydro-pyrrolo [2,3-d]pyrimdin-6-one:
Exanpl e Conpound Nane Structure MsS (ES+): mz (Mtl) 78 35 5-Benzyl- 4-
{44443, 4- difluorophenyl)-1-(2- dinethylam no-ethyl)-1H
i m dazol -2-yl1}-piperidin- | - yl1}-5,7-di hydro-pyrrol o[ 2, 3-
dl pyrimdin-6-one ' Ou. * zzz |,--CZ/ \ z z z=." ? /z-- 558 36
5-Benzyl-4-{4-[4-(3-chloro- 4-fluoro-phenyl)-1-(2- dinethylam no-ethyl)- |
H i m dazol - 2-yl | -pi peridinl -yl1} -5, 7-di hydro-pyrrol o
[2,3-d]pyrimdin-6-one . . NNN...-N,N1

72

Combine {2-[4-(4-fluoro-3-trifluoromethyl-phenyl)-2-piperidin-4-yl-imidazol-1-
yl]-ethyl}-isopropyl-methyl-amine tris hydrochloride (265 pumol; 138 mg); 4-chloro-5,7-
dihydro-pyrrolo[2,3-d]pyrimidin-6-one (1.3 equiv; 344 pmol; 58.4 mg); nitrogen
saturated DMF (1 mL) and TEA (10 equiv; 2.65 mmol; 369 puL) and heat to 160 °C in

5  microwave for 30 min. Evaporate and dissolve the residue in MeOH, load onto 10 g
SCX; wash with MeOH then DCM,; elute with 2M NH3/MeOH. Evaporate to give 189
mg dark reddish residue. Dissolve the residue in 7N NH3/MeOH and stir in pressure
vessel at 50 °C for 4 h and evaporate. Purify the residue twice on 40 g silica gel with 5-
10 % MeOH/DCM to provide 26.3 mg (0.047 mmol; 18%} of the title compound as the

10 free base. Dissolve in DCM and add 2 equiv (23.5 pL) 4M HCl/dioxane and evaporate to
provide 27.9 mg of the title compound. MS (ES+): m/z = 560 (M+H).

EXAMPLE 22
4-{4-[4-(3-Chloro-4-fluoro-phenyl)-1-(2-dimethylamino-ethyl)-1H-imidazol-2-yl]-

15 piperidin-1-yl}-5-pyridin-4-ylmethylene-5,7-dihydro-pyrrolo{ 2,3-d]pyrimidin-6-one
F

Cl

\;‘l’\/N ~N

.

N J/
f \
0

[

N

Combine {2-[4-(3-chloro-4-fluoro-phenyl)-2-piperidin-4-yl-imidazol-1-yl]-ethyl}-
dimethyl-amine tris hydrochloride (0.5 g; 0.0013 mol; 1.0 equiv ); 4-chloro-5-[ 1-pyridin-
4-yl-methylidene]-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one (0.34 g; 0.0013 mol; 1.0

20  equiv); DIPEA (1.7 mL; 0.0098 mol; 7.6 equiv); 2-propanol (15 mL) and microwave at
80 °C for 20 min. Cool and dilute with water. Extract with EA and wash with brine.
Concentrate the crude and purify by reverse phase HPLC to give the title compound as a
mixture of E and Z isomers (0.04 g; 5.4 %). MS (ES+): m/z =573 (M+H). (Note: All

olefin compounds are mixtures of E and Z isomers.)



N N a 4, 574 EXAWPLE 37 4- { 444-(3,4-D fluoro-phenyl)-1-(2-pyrro
2-yl}-piperidin- 1-y1} -5,7-di hydro-pyrrolo [2,3-d Jpyrimdin-6-one NN D5
Conbi ne 4w024e(0A5456di f | uor o- phenyl) - PCT/US2009/063020
-(2-pyrrolidin-1-yl-ethyl)-1H i m dazol -2- yl)-piperidine tris hydrochloride
(0.3 g; 0.00065 nol), 4-chloro-5,7-di hydro-pyrrol o[ 2, 3- d]pyrimdin-6-one
(0.15 g; 0.00083 nol), D PEA, (1.00 rnL, 0.0057 nol) into IPA (9 nL) and
heat in a mcrowave at 80 C for 1 h; cool and concentrate. Quench with 10
sat urat ed sodi um bi carbonate solution and extract with EA. Evaporate the EA
and purify by colum chromat ography using 0-10% MeOH DCM as el uent to give
the title conmpound (0.05 g; 15.67 %9. MS (ES+): mz = 494 (Ml). 79
Prepare the followi ng exanples in manner simlar to that described for
4-1414-
(3,4-Difluoro-phenyl)-1-(2-pyrrolidin-k-yl-ethyl)-1Him dazol -2-y11-pi perid
in-1-yl} -5,7- dihydro-pyrrol o[ 2,3-d] pyri mdi n-6-one: Exanple Conpound Nane
Structure M5 (ES+) m X (N%l) 38 4- {44142- D met hyl am no-et hyl) - 4-

(4-fluoro-3-trifluoro met I pheny IP 1H i mdazol -2-y1]-4- hydroxy
_ pl per i di n-1- Prepare the followmg examples in a manner similar to that described for 4- {4-[4-

(3-Chloro-4-fluoro-phenyl)-1-(2-dimethylamino-ethyl)- 1 H-imidazol-2-yl]-piperidin-1-
yl}-5-pyridin-4-ylmethylene-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one.

Example Compound Name Structure MS (ES+):
m/z
(M+H)
4-{4-[1-2-Dimethylamino- 'r
ethyl)-4-(4-fluoro-3- N = F
trifluoromethyl-phenyl)-1H- N
23 | imidazol-2-yl}-piperidin-1-yl} - 596
5-(1H-imidazol-2- " "1
ylmethylene)-5,7-dihydro- (] S
pyrrolo[2,3-d]pyrimidin-6-one 1 P

4-{4-[1-(2-Dimethylamino-
ethyl)-4-(4-fluoro-3- =

™~
trifluoromethyl-phenyl)-1H- NN
24 | imidazol-2-yl)-piperidin-1-yl}- 613
S-thiazol-5-ylmethylene-5,7- 3
dihydro-pyrrolo[2,3- W NN
d]pyrimidin-6-one NLN A .
# N
F
F
4-{4-[4-(3,4-Difluoro-phenyl)- .
1-(2-dimethylamino-ethyl)- SNNCN N
25 1H-imidazol-2-yl]-piperidin-1- ! 563
yl}-5-thiazol-5-ylmethylene- 540
5,7-dihydro -pyrrolo[2,3- N i N
d]pyrimidin-6-one N \/ o




yl1l}-5, 7-di hydro- pyrrolo[2,3-d] pyrimdin-6-one ../ * "'zl 534 39
4-14-14-(3,4-Difluoro- phenyl)-1-(2-dinethyl am no-ethyl)-1H

i t ni dazolw@-29idospiéperi di n- 1-y1}-5, 7-di hydro- pyrrol o] 2p8TaiSp@ynsioeai n-
6-one N ,N NI N 468 40 4-1444-(4-Fluoro-3- trifluoronethyl-phenyl)-
1-(2-pyrrol i din-l-yl- ethyl)-1Hitnidazol-2- y1]-4-hydroxy-piperidin-
1-y1}-5,7-di hydro- pyrrol o[ 2,3- d]pyrimdin-6-one

74

F
F
4-{4-[1-(2-Dimethylamino- Fgﬁ
ethyl)-4-(4-fluoro-3- N =
trifluoromethyl-phenyl)- 1H- /N/\/N AN
26 | imidazol-2-yl}-piperidin-1-yl}- 596
5-(3H-imidazol-4- /R
ylmethylene)-5,7-dihydro- N o
pyrrolo[2,3-d]pyrimidin-6-one p \ o
=
F
Cl
4-{4-[4-(3-Chloro-4-fluoro- _é
phenyl)-1-(2-dimethylamino- \r/\/n N
27 ethyl)-1H-imidazol-2-yl]- 579
piperidin-1-yl}-5-thiazol-2-yl .
methylene-5,7-dihydro- >
pyrrolo[2,3-d]pyrimidin-6-one A D"
|N Ay
F
Cl
4-£{4-[4~(3-Chloro-4-fluoro- ,_<<_
phenyl)-1-(2-dimethylamino- Ny NN
28 ethyl)-1H-imidazol-2-y1]- ! 579
piperidin-1-yl}-5-thiazol-5- .
ylmethylene-5,7-dihydro- N \_“N
pytrolo[2,3-d]pyrimidin-6-one A U
N
LA
N N
F
4-{4-[4-(3,4-Difluorophenyl)- \>/:
1-(2-dimethylamino-ethyl)- AN _/ \
29 1H-imidazol-2-y1]-piperidin-1- 7 578
y1}-5-((2-methylthiazol-4-
yDmethylene)-SH-pyrrolo[2,3- PN
d]pyrimidin-6(7H)-one A A
k,.l
2

EXAMPLE 30



OL .. L._ Co 560 80 41 4- (444-(3-Chloro-4- fluoro-phenyl)-1-(2-
pyrrolidin-1-yl-ethyl)- 1Hitnidazol-2-yl1- piperidin-1-yl1l} -5,7-

di hydr o- pyoroioaf52363- d] pyrim din-6-one 11 ct - N , N N NPCHUS:@®9423046
{414- (3-Chl oro-4- fluoro-phenyl)-1-(2- dinethylam no-ethyl)-

1H i m dazol - 2-y1] - 4- hydroxy-piperidin-1-y1}- 5, 7-di hydro-pyrrol o[ 2, 3-
dlpyrimdin-6-one C1\\ 1(0 z * zs / z [/ z-ii\--/ z=z (z- |/ 500

75

4-{4-[4-(3 ,4-Difluoro-phenyl)-1-(2-dimethylamino-ethyl)- 1 H-imidazol-2-yl]-piperidin-1-

yl1}-5,5-dimethyl-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one
F

Combine 2-(4-(3,4-difluocrophenyl)-2-(piperidin-4-y1)-1 H-imidazol- 1-yl-N,N-

5  dimethyl ethanamine tris hydrochloride (0.28 g; 0.00064 mol), 4-chloro-5,5-dimethyl-5,7-
dihydro-pyrrolo[2,3-d]pyrimidin-6-one (0.15 g; 0.00076 mol), TEA (0.74 mL;
0.0053mol) in DMF (8.43 mL) and heat in microwave at 150 °C for 3 h; cool to RT and
evaporate under vacuumn. Quench the reaction with saturated sodium bicarbonate solution
and extract with EA. Evaporate the EA layer and purify on silica column (60-120 mesh)

10 packed in DCM, first with two volumes of 10% Acetone/DCM followed by 1-5%
MeOH/DCM as eluent to give the title compound (0.05g; 15.92 %). MS (ES+): m/z =
496 (M+H).

Prepare the following example in manner similar to that described for 4-{4-[4-
15 (3,4-Difluoro-phenyl)-1-(2-dimethylamino-ethyl)- 1H-imidazol-2-yl]-piperidin-1-y1}-5,5-
dimethyl-5, 7-dihydro-pyrrolo[2,3-d)pyrimidin-6-one:

MS (ES+)

Example Compound Name Structure
m/z (M+1)




43 4- {444-(3-Chl oro-4- fluoro-phenyl)-1-(2- dinmethylam no-ethyl)-

1H i m dazol - 2- A- piperidin-1-yl1l} -5,7- dihydro-pyrrolof2, 3-

d] pyri m dwe-26ra03eseB ' Cl -.N.---.,,, NN/ . N H 484 44 4- pCA[us489/0h3000 O- 4-
fl uoro-phenyl)-1-(2- pyrrolidin-1-yl-ethyl)- 1H i m dazol-2-y1]-4-

hydr oxy- pi peridi n-1-y1}- 5, 7-di hydro-pyrrol o[ 2, 3- d] pyri m di n-6-one

di hydrochloride F # a CN-*,-, N HO HCIHCI H 526 81 45 4-{4-[1-(2-

76
F
F
4- {4-[1-(2-Dimethylamino-ethyl)- \ — FF
4-(4-fluoro-3-trifluoromethyl- NN N
31 phenyl)-1H-imidazol -2-yl]- 546
piperidin-1-y1}-5,5-dimethyl-5,7-
dihydro pyrrolo [2,3-d]pyrimidin- N
6-one N
L A°
NN
EXAMPLE 32

4-{4-[4-(3-Chloro-4-fluoro-phenyl)- 1-(2-pyrrolidin-1-yl-ethyl)- 1 H-imidazol-2-yl]-
piperidin-1-yl}-5,5-dimethyl-5,7-dihydro-pyrrolo[2,3-dJpyrimidin-6-one

5
F

Cl

Q"”"Eq

N
L

Combine 4-[4-(3-Chloro-4-fluoro-phenyl)-1-(2-pyrrolidin-1-yl-ethyl)-1H-imidazol-2-yl]-
piperidine tris hydrochloride (0.3 g; 0.00062 mol), 4-chloro-5,5-dimethyl-5,7-dihydro-
pyrrolo[2,3-d]pyrimidin-6-one (0.16 g; 0.0008 mol), 1,8-diazabicyclo[5.4.0lundec-7-ene
(DBU, 0.76 mL; 0.0051 mol) into IPA (10 mL) and stir at 120 °C for 16 h; cool and

10 concentrate. Quench the reaction with saturated sodium bicarbonate solution and extract
with EA. Evaporate the EA layer and punfy by column chromatography using 0-5%
MeOH/DCM as eluent to afford the title compound (0.045 g; 13.5 %). MS (ES+): m/z =
538 (M+1).

15 Prepare the following compound in manner similar to that described for 4-{4-[4-
(3-Chloro-4-fluoro-phenyl)-1-(2-pyrrolidin-1-yl-ethyl)-1 H-imidazol-2-yl]-piperidin-1-
yl}-5,5-dimethyl-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one:



D net hyl am no-ethyl)-4- (4-fluoro-3- trifluoronethyl-phenyl)-
1H i m dazol -2-yl] piperidin-l-yl) -5 7- dihydro-pyrrolo [2,3-(1]-

pyrim di rwe-20re54363 \N'\--N/Ni -.. Fr F 518 46  7- Et hplCTArs2§04/0p302¢ 4-
fluoro-3-trifluoromethyl phenyl)-1-(2-(pyrrolidin-
1-yDet hyl)-1Hi m dazol 2-y11-piperidin-1-yll - 7H purin-8(9H) -one N N Il Nr-

573 47 6-{4-[4-(3,4- Difluorophenyl)-1-(2- (pyrroli din-1 -yl)ethyl)-
1H i m dazol -2-y11- piperidin-1-y1l) -7- isopropyl-7H purin- 8(9H)-one N

77
MS (ES+H):
Example Compound Name Structure
m/z (M+1)
F
£
4-{4-[4-(3 ,4-Difluoro-phenyl)- =
I-(2-pymolidin-1-yl-ethyl-1H- | ()
33 imidazol-2-yl]-piperidin-1-y1}- 522
5,5-dimethyl-5,7-dihydro- .
pyrrolo[2,3-d]pyrimidin-6-one . )Ti
o]
L~ N
EXAMPLE 34

5-Benzyl-4-{4-[ 1-(2-dimethylamino-ethyl)-4-(4-fluoro-3-trifluoromethyl-phenyl)- 1H-

imidazol-2-yl]-piperidin-1-y1}-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one

F
F

F
F

\/N/\/N _/N

Combine 5-benzylidenc-4-(4-(1-(2-dimethylamino-ethyl)-4-(4-fluoro-3-
trifluoromethyl-phenyl)-1H-imidazol-2-yl)-piperidin-1-yl)-5,7-dihydro-pyrrolo[2,3-
d]pyrimidin-6-one (0.3 g; 0.00050 mol), PtO,/C (0.15 g; 0.00055 mol}) in ethanol (5 mL)
and stir under a hydrogen balloon atmosphere at 80 °C for 16 h. Cool the reaction to RT,

10 filter through Celite® and concentrate. Purify over silica gel column using methanol in

DCM as eluent to give the title compound (105 mg; 35 %). MS (ES+): m/z = 608 (M+1).

Prepare the following examples in manner similar to that described for 5-benzyl-
4-{4-[1-(2-dimethylamino-ethyl)-4-(4-fluoro-3-trifluoromethyl-phenyl)- | H-imidazol-2-
15 yl]-piperidin-1-yl}-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one:

MS (ES+):

Example Compound Name Structure
m/z (M+1)




N. , NO 537 48 6- {444-(3-Chl oro-4- fl uorophenyl)-1-(2-
(pyrrolidin-1-yl)ethyl)- 1Hi mdazol-2-y1l1l- piperidin-1 -yl) -7-ethyl-
7H- puri n-802po/sees3 N N 411 N O 540 82 49 6- {444-( 3- CrCorus2e09/063020

fl uorophenyl)-1-(2- dinethylam no-ethyl)- 1H i m dazol-2-y11-

pi peridin-1-y1} -7- nethyl-7H purin-8(9H)- one

78
F
F
5-Benzyl-4- {4-[4-(3,4- N —
difluorophenyl)-1-(2- F’\/N ZN
35 dimethylamino-ethyl)-1H- 558
imidazol-2-yl]-piperidin-1-
yl}-5,7-dihydro-pyrrolo[2,3-
d]pyrimidin-6-one NS o
NN
F
l
5-Benzyl-4- {4-[4-(3-chloro- N _
4-fluoro-phenyl)-1-(2- NN N
36 dimethylamino-ethyl)- 574
1H-imidazol-2-yl]-piperidin-
1-y1}-5,7-dihydro-pyrrolo N
[2,3-d]pyrimidin-6-one N \, o
N~ N
H
EXAMPLE 37

4-{4-[4-(3,4-Difluoro-phenyl)-1-(2-pyrrolidin-1-yl-ethyl)- 1 H-imidazol-

2-yl}-piperidin-1-yl}-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one
F

G‘/\/NE/SN
N
N

Combine 4-(4-(3,4-difluoro-phenyl)-1-(2-pyrrolidin-1-yl-ethyl)- 1 H-imidazol-2-
yD)-piperidine tris hydrochloride (0.3 g; 0.00065 mol), 4-chloro-5,7-dihydro-pyrrolo(2,3-
d]pyrimidin-6-one (0.15 g; 0.00083 mol), DIPEA, (1.00 mL, 0.0057 mol) into IPA (9
mL) and heat in a microwave at 80 °C for 1 h; cool and concentrate. Quench with

10  saturated sodium bicarbonate solution and extract with EA. Evaporate the EA and purify
by column chromatography using 0-10% MeOH/DCM as eluent to give the title
compound (0.05 g; 15.67 %). MS (ES+): m/z = 494 (M+1).



* - NN.,NO 500 50 6- {444-(3-Chloro-4- fluorophenyl)-1-(2-

di net hyl am no-ethyl)- 1H i m dazol -2-yl1ll- piperidin-1 -yl} -7-ethyl-
7H puri n-\802bio/se@s3l ' Cl  r NNht. 514 51 6-{4-[4- (3, 4- PCT/US2009/063020
Di fl uorophenyl)-1-(2- dinethylam no-ethyl)- 1H i m dazol-2-y11-

pi peridin-1-y1} -7- isopropyl-7H purin- 8(9H) -one 1 * -

79

Prepare the following examples in manner similar to that described for 4-{4-[4-
(3.4-Difluoro-phenyl)-1-(2-pyrrolidin-1-yl-ethyl)- 1 H-imidazol-2-yl]-piperidin-1-y1}-5,7-
dihydro-pyrrolo[2,3-d]pyrimidin-6-one:

MS (ES+)
Example Compound Name Structure
m/z (M+1)
F
4-{4-[1-(2- Fr
Dimethylamino-ethyl)-4-
(4-fluoro-3-trifluoro y
methyl-phenyl)-1H-
38 imidazol-2-yl}-4- P 534
hydroxy -piperidin-1- -~
yl}-5,7-dihydro-
pyrrolo[2,3-d] NHT;O
pyrimidin-6-one kN N
H
F
F
4-{4-[4~(3,4-Difluoro- —
phenyl)-1-(2-dimethyl SN N
39 amino-ethyl)-1H- ! 468
imidazol-2-yl]}-piperidin-
1-yl}-5,7-dihydro- N
pyrrolo[2,3-d]pyrimidin- N
6-one n, 0
NTH
F F
F
4-{4-[4-(4-Fluoro-3- F
trifluoromethyl-phenyl)-
1-(2-pyrrolidin-1-yl- @
40 ethyl)-1H-imidazol-2- N oH 560
yl]-4-hydroxy-piperidin- N/—’
1-yl}-5,7-dihydro- Q N
pyrrolo[2,3- L
d]pyrimidin-6-one 'i'.\ o
NN




N I 511 52 6- (414-(4-Fluoro-3- trifluoronethyl-phenyl)-
1-(2-(pyrrolidin-1- yl)ethyl)-1H i m dazol -2- yll-piperidin-1-y1} -7-
I sopr opy WoHemuns63%3 8(9H)-one 0 411 F - NN )---- T.ro 58TT/182008863020
6-{4-[4-(3,4- Difluorophenyl)-1-(2- (pyrrolidin-1-ypethyl)-

1H i m dazol -2-yli- piperidin-1 -yl) -7-ethyl- 7H purin-8(9H)-one *
CN,,,-N, NN

80

41

4-{4-[4-(3-Chloro-4-
fluoro-phenyl)-1-(2-
pyrrolidin-1-yl-ethyl)-
1H-imidazol-2-yl]-
piperidin-1-y1}-5,7-
dihydro-pyrrolo[2,3-
d]pyrimidin-6-one

510

42

4-{4-[4-(3-Chloro-4-
fluoro-phenyl)-1-(2-
dimethylamino-ethyl)-
1H-imidazol-2-yl]-4-
hydroxy-piperidin-1-yl}-
5,7-dihydro-pyrrolo[2,3-
d]pyrimidin-6-one

500

43

4-{4-[4-(3-Chloro-4-
fluoro-phenyl)-1-(2-
dimethylamino-ethyl)-
1H-imidazol-2-yl])-
piperidin-1-yl3}-5,7-
dihydro-pyrrolo(2,3-
d]pyrimidin-6-one

\N/\/NE;\‘
/

N

N/

N W
N
N" R

484

44

4-{4-[4-(3-Chloro-4-
fluoro-phenyl)-1-(2-
pyrrolidin-1-yl-cthyl)-
1H-imidazol-2-yl]-4-
hydroxy-piperidin-1-y1}-
5,7-dihydro-pyrrolo[2,3-
d)pyrimidin-6-one
dihydrochloride

F

/\'Q»m

S
O~
HO
HCI HCI

N

.

=0
N
Nl

526




523 54 6- {414-(3-Chloro-4- fluorophenyl)-1-(2- dinethylam no-ethyl)-

1H i m dazol - 2-y11- piperidin-1-yl)

-7-

| sopropyl-7H puri n-

8(9H) - one -

"N-- N /WBI2010056863528 55 6-{4-[4-(3,4- D fluorophenyl) PCT(UB2009/063020

(pyrrolidin-1-ypethyl)-

1H i m dazol - 2-y1] -

met hyl- 7H purin-8(9H)- one N, *

81

pi peridin-1-y1)

-7-

45

4-{4-[1-(2-
Dimethylamino-ethyl)-4-
(4-fluoro-3-
trifluoromethyl-phenyl)-
1H-imidazol-2-yl]
piperidin-1-yl}-5,7-
dihydro-pyrrolo(2,3-d]-
pyrimidin-6-one

518

46

7-Ethyl-6- {4-[4-(4-
fluoro-3-trifluoromethyl-
phenyl)-1-(2-(pyrrolidin-
1-yl)ethyl)-1H-imidazol-

2-yl}-piperidin-1-yl}-
7H-purin-8(9H)-one

573

47

6-{4-[4-3.4-
Difluorophenyl)-1-(2-
(pyrrolidin-1-yl)ethyl)-
1H-imidazol-2-yl]-
piperidin-1-yl}-7-
isopropyl-7H-purin-
8(9H)-one

537

48

6-{4-[4-(3-Chloro-4-
fluorophenyl)-1-(2-
(pyrrolidin-1-yl)ethyl)-
1H-imidazol-2-yl]-
piperidin-1-yl}-7-ethyl-
7H-purin-8(9H)-one

540




N/ NN 509 56 6-{4-[1-(2- D nethylam no-ethyl)-4-

trifluoronethyl-phenyl)-

1H i m dazol - 2-y1] -
7H puri n-802po/se3N ic O F N F 547 84

82

(4-f1 uoro- 3-

piperidin-1 -yl)
6- { 4- [ 4- ( 3PET/US2009/063020

49

6-{4-[4-(3-Chloro-4-
fluorophenyl)-1-(2-
dimethylamino-ethyl)-
1H-imidazol-2-yl]-
piperidin-1-yl}-7-
methyl-7H-purin-8(9H)-
one

500

50

6-{4-[4-(3-Chloro-4-
fluorophenyl)-1-(2-
dimethylamino-ethyl)-
1H-imidazol-2-yl]-
piperidin-1-yl}-7-ethyl-
7H-purin-8(9H)-one

514

51

6-{4-[4-(3,4-
Difluorophenyl)-1-(2-
dimethylamino-ethyl)-
1H-imidazol-2-yl]-
piperidin-1-yl}-7-
isopropyl-7H-purin-
8(9H)-one

511

52

6-{4-[4-(4-Fluoro-3-
trifluoromethyl-phenyl)-
1-(2-(pyrrolidin-1-
ylethyl)- 1H-imidazol-2-
yl]-piperidin-1-y1}-7-
isopropyl-7H-purin-
8(9H)-one

587

-7-ethyl -



Di fluorophenyl)-1-(2- 0.1"..N..-.-N, N 57 (pyrrolidin-1-yl)ethyl)- 495
1H i m dazol - 2-y1J- plperldln 1 yl} TH purin-8(9H) -one N >=
EXAMPLE 5¥e@ 28%/056563 PCT/US2009/063020
{414-(3-Di fl uoromet hyl-4-fl uorophenyl)-1-(((R)-21-nethyl pi peridin-2-

yl)methyl ) -1H-i m dazol - 2-y1] -pi peridin- 1 -yl) -5-ethyl-5,7-di hydro-pyrrolo

[2,3- cl]pyrimdin-6-one

83
F
6-{4-[4-(3,4-
Difluorophenyl)-1-(2- A~ N
3 (pyrrolidin-1-yDethyl)- O‘ 7 523
1H-imidazol-2-yl]-
piperidin-1-y1}-7-ethyl- r
7H-purin-8(9H)-one )\IN
o
F
6-{4-[4~(3-Chloro-4- a
fluorophenyl)-1-(2- =
dimethylamino-ethyl)- \/"/\“" N
54 1H-imidazol-2-yl]- 528
piperidin-1-yl}-7- y
isopropyl-7H-purin- N,
8(9H)-one ‘L\/ [ =0
6-{4-[4-(3.4- :
Difluorophenyl)-1-(2- =
(pyrrolidin-1-ylethyl)- Y
55 1H-imidazol-2-yl]- ES 509
piperidin-1-yl}-7- y
methyl-7H-purin-8(9H)- /
one » D=
F
F
6-{4-[1-(2- %
Dimethylamino-ethyl)-4- N =
(4-fluoro-3- J
56 trifluoromethyl-phenyl)- 547
1H-imidazol-2-yl]-
piperidin-1-yl}-T-ethyl- )
7H-purin-8(9H)-one le)\I">=o
NN




10 Conbi ne
(R -24(4-(3-(difluoromethyl)-4-fluorophenyl)-2-(piperidin-4-yl)-1H

i m dazol -wopomsskses) - 1- met hyl pi peridine (0.8 g, 0.0018 mroir/us:009/06392 ;

4-chl oro-5-et hyl 5, 7 di hydro-pyrrol o[ 2, 3-d] pyri m di n-6-one (0.425 g, 0.00216
mol, 1.2 eq); DIPEA (2.3 nlL, 0.0126 mol, 7.0 eq) and IPA (15 nL) in a
pressure tube and heat at 120C overni ght 15 under seal ed condition. Cool
the reaction mass and dilute with water (25 nmL). Extract in EA (2 x 50 nL)
and wash the organic layer with brine (2 x 50 nL). Dry over anhydrous

sodi um sul fate and concentrate the crude conpound. Filter the crude product
t hrough a short silica pad (100-200 nesh) using 0-8% MeOH DCVM . LCVS of
concentrated crude product shows 70% of the desired product (mz = 568
[MtH] ). Purify through reverse 20 phase preparative HPLC to get 0.055 g of
the title conpound. M5 (ES+): rn/z = %8 (MrH). 85 Prepare the
follow ng exanple in a manner simlar to that described for 4-{414-

(3-di fluoronethyl-4-fluorophenyl)-1-(OR)-1-nethyl pi peridin-2-yflnethyl)-1H
i m dazol 2-yl | -piperidin- 1 -yl|
-5-ethyl-5, 7-di hydf o- pynrol o[ 2, 3-d] gyri m di n- g=<one: | Exanpl ¢/ Conpound Nane
Structure M5 (ESt) |in/z (M+61{);[45374b (R-6-{4-[4 3- Difl uoronethyl-4-
fluorophenyl)-1-((1- net|hBifvpeebil@ n- 2- Cy hyl)-1H i m dajzol -
2-y11-piperidin-1-y1)7-1 (P”E‘fm L 1- purin- 8(9H) - ome 4%F G-L N N N N 569
5EXAMPLE 58 6- piperidin-1-yl}-7H- N
{444- (3, 4-Di f| uor o1 pheny 1) rgn-§¥al ngt hyl ami
ridin-I- x

yl )-1H i m dazol - 2-y1] - pi pe

EXAMPLE 57a

5 4-{4-[4-(3-Difluoromethyl-4-fluorophenyl)-1-(((R)-1-methylpiperidin-2-
yl)methyl)-1H-imidazol-2-yl]-piperidin-1-yl}-5-ethyl-5,7-dihydro-pyrrolo[2,3-
d]pyrimidin-6-one

Combine (R)-2-((4-(3-(difluoromethyl)-4-fluorophenyl)-2-(piperidin-4-yl)-1H-

imidazol-1-yl)methyl)- 1-methylpiperidine (0.8 g, 0.0018 mol, 1.0 eq ); 4-chloro-5-ethyl-
5,7 dihydro-pyrrolo[2,3-d]pyrimidin-6-one (0.425 g, 0.00216 mol, 1.2 eq); DIPEA (2.3
mL, 0.0126 mol, 7.0 eq) and IPA (15 mL) in a pressure tube and heat at 120°C overnight

15  under sealed condition. Cool the reaction mass and dilute with water (25 mL). Extract in
EA (2 x 50 mL) and wash the organic layer with brine (2 x 50 mL). Dry over anhydrous
sodium sulfate and concentrate the crude compound. Filter the crude product through a
short silica pad (100-200 mesh) using 0-8% MeOH-DCM). LCMS of concentrated crude
product shows 70% of the desired product (m/z = 568 [M+H]). Purify through reverse

20  phase preparative HPLC to get 0.055 g of the title compound. MS (ES+): m/z = 568
(M+H).



yl1l}-7-nmet hyl-7, 9-di hydro-purin-8-one Conbine 2-(4-(3,4-di

fl uorophenyl)-2-(piperidin-4-yl)-1Him dazol -1-yl-N N 10di net hyl

et hanam n&02pi0156333 g; 0. 00068 nol ), PCT/US2009/063020

6- chl oro- 7- met hy1- 7, 9- di hydr o- purin-8- one (0.15 g; 0.00081 nol), D PEA
(1.07 rnL; 0.0062 nol) in NWP (9 inL) and stir at 150 C in mcrowave for 45
mm Cool, and quench the reaction with saturated sodi um bi carbonate
solution and extract with EA. Evaporate the EA | ayer and purify on silica
gel using DCM and net hanol as eluent to give the title conpound (0.032 g;
9.3 %W. 15 M5 (ES+): nlz = 484 (M+l). 86 EXAMPLE 59 6-
(4-[4-(3,4-Difluoro-phenyl)-1-(2-dinethyl am no-ethyl)-1H i m dazol -2-y11l-pip
eridin-1- yl1l1-7-ethyl -7, 9-di hydro-purin-8-one 5Conbine
2-(4-(3,4-difluorophenyl)-2-(piperidin-4-yl)-1Him dazol -1-yl-N, N di net hyl
et hanam ne. 3HC1 (0.25 g; 0.00057 nol) ;g5

6-chl oro-7-ethyl -7, 9-di hydro-purin-8- one (0.15 g; 0.00074 nol); TEA (0.46
inL; 0.0033 nol) in nethanol (5 nmL) and heat in a mcrowave at 160 C for 60
m n. Cool, concentrate, quench with water and extract with EA Evaporate
the EA | ayer, and puri f’rfPa‘t‘Pfé°“?wé‘§?"ﬁlﬂ‘é‘“?/\ﬁ‘at“1‘fs‘§‘i““r‘i"&“é\d“g'éfdf%ﬁ‘f‘&rmt ogr aphy usi ng
10 0- 10% MeOH DCM a@-ditspreresihy’-+-fugromyinxpd-((Rh emethylninerigin grppiyrifimider-03g, 1099 . MS
(ES+) mz = 497 (Mfﬂ_]))iperi@QA(WEtEl—mihydro-pyn'qlo[Z,3-d]pyrimidin-6-one

(414- (3, 4- D f | uor oypheny )=t 2=drmgthytamno=—ettyt 'MS_{ES-OJ)” dazol - 2-y1] - pi pe
ridin-1- 15y1}-5- ef Frypeleq, Tomdorrgtims- pyrr ol SF2™3- dl py1i i gi.fy-6- one

Conbi ne _
2-(4-(3,4-difluorophenyl)-Z;(piRgri din-4-y1l) i m dazol - 1-lyl - N, Ndi et hyl

et hanam ne (0.35 g] 0. 0010if@dnethyls-0 [equi-w), _ ¥
4-chl oro-5-ethyl-5]7-di rydlr" Yg(ri'g [|2, 3 i m din{6-one (0.23 g; 0.0011
mol ; 1.1 equiv), DLPEA Q.,m ) MR imid c,lco41 20 mpl ; 4.0|eqdf’v) in I PA (10 nlL)

and stir at 90C fof 16 h. @@mhylthe reacti )Nith dem neral i zed water and
extract with EA Eyapor at& vHgd¥darni c | ayers “yrify over asilica 87 gel
colum with 0- 10% MeOH|DCM to gi ve |[the titPe ™ conpound (0.13 g; 24.13 9.
M5 (ESt+): tti/z = 496 (MtH). Prepare the follow ng exanples in
manner simlar to that described forexAriess| 4-

5(3, 4-di f1 uor o- pheny h)sdskiRoshinaRE 1y diRin Ot Y hidazoildsh bipthikhaz ol - 2-y11- pi peri d
in-1-y1}-5- ethyl -5, 7-di hydr o- py$.h@hi0b-dnyds-Qlidd¥hd M di n- 6-one: Exanpl e
Compound Nanme Structure MS (ESt+): val/z ¢M1l) Reaction Conditions

F
\T/\/’E/%N

'\>=°

Combine 2-(4-(3,4-difluorophenyl)-2-(piperidin-4-yl)-1H-imidazol- 1-yl-N,N-
10  dimethyl ethanamine. 3HCI (0.3 g; 0.00068 mol), 6-chloro-7-methyl-7,9-dihydro-purin-8-
one (0.15 g; 0.00081 mol), DIPEA (1.07 mL; 0.0062 mol) in NMP (9 mL) and stir at 150

°C in microwave for 45 min. Cool, and quench the reaction with saturated sodium

bicarbonate solution and extract with EA. Evaporate the EA layer and purify on silica gel
using DCM and methanol as eluent to give the title compound (0.032 g; 9.3 %).
15 MS (ES+): m/z =484 (M+1).



61 3- {1-[2-Di nethylamno- ethyl)-2-(1-(6-0x0-6,7- dihydro-5H pyrrol o[ 2, 3-
d]l pyri mdi n-4-yflpiperidin- 4-yl]-1H i m dazol -4- yl)benzonitrile 4 . i 457
Convent i onal2otveationg 100 C, 2 h 62 4' 444443, 4- Di f | uor opb@Ens2)09/063026

di met hyl am no-et hyl )-1H i m dazol - 2-yl) pi peri din-1-

yfl spiro[cycl opentane-1,5.- pyrrolo[2,3-cl]pyrimdin]- 6 (7H)-one di - 522
Conventional 150 C, 20 h 88 63 4-144443A-

86

EXAMPLE 59
6-{4-[4-(3 4-Difluoro-phenyl)-1-(2-dimethylamino-ethyl)- 1 H-imidazol-2-yl]-piperidin-1-
yl}-7-ethyl-7,9-dihydro-purin-8-one

F

\r/\/ N——%N
O
’¢Q=o

5 Combine 2-(4-(3,4-difluorophenyl)-2-(piperidin-4-yl)-1H-imidazol- 1-y]-N,N-
dimethyl ethanamine.3HCI (0.25 g; 0.00057 mol); 6-chloro-7-ethyl-7,9-dihydro-purin-8-
one (0.15 g; 0.00074 mol); TEA (0.46 mL; 0.0033 mol) in methanol (5 mL) and heatina
microwave at 160 °C for 60 min. Cool, concentrate, quench with water and extract with
EA. Evaporate the EA layer, and purify the residue with silica gel chromatography using

10 0-10% MeOH/DCM as cluent to give the title compound (0.03g, 10%). MS (ES+): m/z =
497 (M+1).

EXAMPLE 60
4-{4-[4-(3,4-Difluoro-phenyl)- 1-(2-dimethylamino-ethyl)- |H-imidazol-2-yl]-piperidin-1-
15 yl}-5-ethyl-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one

F
\F/wéq

=
(@0

F

Combine 2-(4-(3,4-difluorophenyl)-2-(piperidin-4-yl)- 1 H-imidazol- 1-yl-N,N-
dimethyl ethanamine (0.35 g; 0.0010 mol; 1.0 equiv), 4-chloro-5-ethyl-5,7-dihydro-
pymolo[2,3-d]pyrimidin-6-one (0.23 g; 0.0011 mol; 1.1 equiv), DIPEA (0.72 mL; 0.0041

20  mol; 4.0 equiv) in TPA (10 mL) and stir at 90 °C for 16 h. Quench the reaction with

demineralized water and extract with EA. Evaporate the organic layer, purify over a silica



Di fl uor ophenyl)-1-(2- dinmethyl am no-ethyl)-1H im dazol -2-y1]-piperidin-1-
y1l}-5-nmethyl -5H pyrrolo[2,3-d]pyrimdin- 6(7H)-one * - "-re" \ --Ni kr,
482 ConvewOi2on#lses80 C, 20 h 64 4- 144443, 4- Difl uor ophemgI)US26h2483020

hydr oxypyrrolidin-1- yl)ethyl)-1Him dazol-2- yfl-piperidin-I|-yl}-5H
pyrrol o[ 2, 3-d] pyrimdin- 6(7H)-one hydrochloride * -Ne, na---Cr\--- 510
Conventional 80C, 20 h 65 4-{41142-Di net hyl am no-

87

gel column with 0 — 10% MeOH/DCM to give the title compound (0.13 g; 24.13 %). MS
(ES+): m/z = 496 (M+H).

Prepare the following examples in manner similar to that described for 4-{4-[4-
5  (3,4-difluoro-phenyl)-1-(2-dimethylamino-ethyl)- 1H-imidazol-2-yl]-piperidin-1-y1} -5-
ethyl-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one:

MS
(ES+): Reaction
Example Compound Name Structure .
m/z Conditions
M+1)
RN

3-{1-[2-Dimethylamino- )
ethyl)-2-(1-(6-0x0-6,7- N =\ Conventional
61 dihydro-5H-pyrrolo[2,3- T/\/“ 7 457 heating
d]pyrimidin-4-yl)piperidin-

4-y1)-1H-imidazol-4- ES 100°C,2h

yl}benzonitrile
d
@
N
F

F

4'(4-(4-(3,4-
4 Diﬂl:xolrophenygl-ll-(Z- J —/N e |
imethylamino-ethyl)-1H- onventional
62 | imidazol-2-ylpiperidin-1- \)«I 22 | 0. 20h

yl)spiro[cyclopentane-1,5'-

pyrrolo[2,3-d]pyrimidin]- Jjg:)
6'(7H)-one N
[




et hyl ) - 4- phenyl - 1H i m dazol - 2- A-pi peridi n-1- y1}-5Hpyrrol of 2, 3-
dlpyrimdin-6(7H)-one N, 432 Conventional 80C, 6 h 66 4- 144443, 4-

Di f | uor opWerrywyosass243- hydr oxypyrrolidin-1- yflethyl) - 1FCirrsde2ob3020

yl'l -piperidin-1-yl) -5/5- dinethyl-5H pyrrolo[2,3- d]pyrimdin-6(7H)-one
hydrochloride * - \-N Ha N 538 Conventional 80 C, 20 h 89 67 4-{444-(3, 4-
Di fl uorophenyl)-1-(2-((2- hydroxyethyl) (nmethyl)amn

o)et hyl)-1H i m dazol - 2-y1] - piperidin-1-y1} -5,5- dinmethyl-5H pyrrol o[ 2, 3-
d] pyri mdi n-6(7H)-one 0* N -

88

4-{4-[4-(3 4- ’
Difluorophenyl)-1-(2- =
dimethylamino-ethyl)-1H- \f/\’N 4 Conventional
63 imidazol-2-yl]-piperidin-1- 482 100°C. 20 h
yl}-5-methyl-5H- g

pyrrolo[2,3-d]pyrimidin-
6(7TH)-one {:IS:A
4-{4-[4-(3,4- d
Difluorophenyl)-1-(2-(3- = "

hydroxypyrrolidin-1- m\O’/\’" 7 Conventional

64 yDethyl)-1H-imidazol-2- 510 $0°C. 20h
yl]-piperidin-1 -y!}-_SI:I- ?

pyrrolo[2,3-d]pyrimidin-

6(7H)-one hydrochloride I

4-{4-[1-(2-Dimethylamino- \)«\/N

ethyl)-4-phenyl-1H- 7 Conventional
65 imidazol-2-yl}-piperidin-1- 821 oo 6h
yl}-SH-pyrrolo[2,3- ’
d]pyrimidin-6(7H)-one
x
=

4-{4-[4-(3,4- F
Difluorophenyl)-1-(2-(3- —
e G AN

hydroxypyrrolidin-1-

66 yDethyl)- 1H-imidazol-2- 535 | Conventional
yl]-piperidin-1-y1}-5,5- Ha 80°C,20h
dimethyl-5H-pyrrolo[2,3-
midi N7
d]pyrimidin-6(7H)-one L(

hydrochloride




k - 526 Conventional 130 C, 20 h 68 4-{444-(4-Fl uoro- 3-
trifluoronethyl-phenyl)-1- (2-(pyrrolidin-Il-yDethyl)- 1Him dazol-2-yl]-

pi peri di rwORotwiFss635, 5- di met hyl- 5H pyrrol o[ 2, 3- d] pyri mcaius2@9/dk§02one 4 ON
572 Conventional 150 'V, 16h 69 4-{414- (3, 4-

Di fl uorophenyl)-1-(2-((2- hydroxyethyl) (methyDam n

o)ethyl)-1H i m dazol -2-y1]- piperidin- 1-y1} -5H pyrrolo[2, 3-d]pyrimdin-
6(7H)-one .* N 498 Conventional 80 C, 16 h 70 4- {4-[4-(3-Chl oro-4-

fl uor ophenyl)-1-(2-

89

4-{4-[4-(3 4-

Difluorophenyl)-1-(2-((2-
hydroxyethyl)(methyl)amin Conventional
67 | o)ethyl)-1H-imidazol-2-yl}- 526 o

i 130°C,20h

piperidin-1-y1}-5,5-

dimethyl-5H-pyrrolo[2,3-
d]pyrimidin-6(7H)-one

z
N\
z

;
'

/#
\ 4/
Z

"

4-{4-[4-(4-Fluoro-3-
trifluoromethyl-phenyl)-1-
(2-(pyrrolidin-1-ylethyl)-
68 1H-imidazol-2-yl]- 572
piperidin-1-y1}-5,5-
dimethyl-5H-pyrrolo(2,3-
d]pyrimidin-6(7H)-one

Conventional
150°C, 16 h

©
g I

L)

4-{4-[4-(3,4- Ho,
Difluorophenyl)-1-(2-((2-
69 hydroxyethyl)(methyl)amin Conventional
o)ethyl)-1H-imidazol-2-y1]- 498 $0°C. 16 h
piperidin-1-y1}-5H- ?
pyrrolo[2,3-d]pyrimidin-
6(7H)-one

—~z
ze
& |
z

z/=z
N/

o

4-{4-{4-(3-Chlorod- |

_ ﬂuoroph_enyl)-l-(Z- /”/\/N AN Microwave
dimethylamino-ethyl)-1H- o
imidazol-2-yl}-piperidin-1- 512 | 220°C, 2h
y1}-5.5-dimethyl-SH- NMP, DBU
pyrrolo[2,3-d]pyrimidin-

6(7H)-one 7
NG AW

70




di met hyl am no-et hyl )-1H i m dazol - 2-y1]-pi peridin-1- y1}-5,5-di net hyl-5H
pyrrolo[2,3-d]pyrimdin- 6(7H-one * _ N "N 512 M crowave 220C, 2h NwP, DBU
90 71 4- woadrooseéseBuor o-3- trifluoronethyl-phenyl)-1-  PCT/US2009/063020
(2-(pyffolidin-I-ypethyl)- 1H i m dazol-2-yl]- piperidin-1-yl1l) -5H
pyrrolo[2,3-d]pyrimdin- 6(7H -one 4 F NN 544 M crowave 90 mm 80C 72 4-
(4-[1-(2-D net hyl am no-

90
4-{4-[4-(4-Fluoro-3- /
trifluoromethyl-phenyl)-1- = i
7 (2-(i)l)_rlnjoli.¢;in- ll-él)elt]hyl)- O A » Microwave
-imidazol-2-yl]- 5 . o
piperidin-1-y1}-SH- 90 min, 80°C
pyrrolo[2,3-d]pyrimidin-
6(7H)-one ™
'
F
4-{4-[1-(2-Dimethylamino-
ethyl)-4-(4-fluoro-3- ¥
trifluoromethyl-phenyl)- =
1H-imidazol-2-yl]- \T/\/N N Conventional
72 piperidin-1-yl}-5 546 o
-cthyl-5,7-dihydro- 110°C, 16h
pytrolo[2,3-d]pyrimidin-6- N
one )Ig
N
| 0
\N N
4-{4-[1-2-Dimethylamino- !
ethyl)-4-(4-fluoro-3- o FE
trifluoromethyl-phenyl)- \T/\/N 2 Conventional
73 1H-imidazol-2-yl]- 532 o
piperidin-1-yl}-5-methyl- (\S 150°C, 16 h
5,7-dihydro-pyrrolo(2,3- b
dlpyrimidin-6-one fjj;o
S W
4-{4-[4-(3-Chloro-phenyl)- cl
1-(2-dimethylamino-ethyl)-
1H-imidazol-2-yl}- SN Conventional
74 plpgndln—l-yl}-5,7- 1 466
dihydro-pyrrolo 80°C,2h
[2,3-d]pyrimidin-6-one N
LI
N




ethyl)-4-(4-fluoro-3- trifluoronethyl-phenyl)-
pi peridin-l-yl) -5 -ethyl-5, 7-di hydro-

N ---

1H i m dazol - 2-y1] -
d] pyri m di n- 6- one

., , WO 2010056863 546 Conventi onal
(4-[1-(2-D net hyl am no- ethyl)-4-(4-fluoro-3- trifluoronethyl-phenyl)-

pi peridin-1-yl)
F"OO-N L

1H i m dazol - 2-y1] -
pyrrol o[ 2, 3-d] pyri m di n- 6-
110C, 16h 73 4-

one 41 -

PCT/US2009/063020

532 Conventi onal

91
FF
4-{4-[1-(2-Dimethylamino- — Microwave
ethyl)-4-(3-trifluoromethyl- \T/\/N N 135°C
75 phenyl)- 1H-imidaz 500 | (DMFas
ol-2-yl]-piperidin-1-yl}- solvent), 20
5,7-dihydro-pyrrolo[2,3- N min
d]pyrimidin-6-one %
S A
Cl
4-{4-[4-(4-Chloro-phenyl)-
1-(2-dimethylamino-ethyl)-
1H-imidazol-2-yl]- ~ -
. Ve NN NN
76 piperidin-1-yl}-3,7- I 466 | Conventional
dihydro-pyrrolo
[2,3-d)pyrimidin-6-one
N’
N)I%O
\N N
F
4-{4-[4-(3-Chloro-4- <l
fluorophenyl)-1-(2- =
(oymrolidin-1-yhethyi)-1H- | N
77 imidazol-2-yl]-piperidin-1- 525 | Conventional
y1}-5-methyl-5H-
pyrrolo[2,3-d]pyrimidin-
- NF
6(7H)-one I\ I
F
Cl
4-{4-[4-(3-Chloro-4- N —
fluorophenyl)-1-(2- }"/\/n N
dimethylamino-ethyl)-1H-
8 imidazol-2-yl]-piperidin-1- 499 | Conventional
yl}-5-methyl-5H- .
pyrrolo[2,3-d]pyrimidin-
6(7H)-one =
(@

-5-nmet hyl - 5, 7-di hydr o-pyrrol o[ 2, 3-



150 C, 16 h 74 4- {444-(3-Chl oro-phenyl)- 1-(2-dinethyl arnino-ethyl)-

1H i m dazol - 2-yl]- piperidin- | -yl) -5, 7- dihydro-pyrrolo

[ 2, 3-d] pywOrmdiosés3one 41 ci N-"...-N, N1 N 466 Convemttsomaloc® C, 2 h
91 75 4- (411-(2-Dinmethylam no- ethyl)-4-(3-trifluoronethyl-

phenyl)-1Him daz ol -2-yli-piperidin-l-yl1- 5, 7-di hydro-pyrrol o[ 2, 3-

di pyrimdin-6-one 4FF NN----N_../NN 1 500 M crowave 135 C

4-{4-[4-(4-Fluoro-3-
trifluoromethyl-phenyl)-1-

3
o)

(2-(pyrrolidin-1-yl)ethyl)- e
7 1H-imidazol-2-yl]- E\S 558 | Conventional
piperidin-1-yl}-5-methyl-
5H-pyrrolo[2,3-

d]pyrimidin-6(7H)-one

z/=z
\

4-{4-[4-(3 4-
Difluorophenyl)-1-(2-(3-
hydroxyazetidin-1-
80 yDethyl)- 1H-imidazol-2-
yl]-piperidin-1-y1}-5H-
pyrrolo(2,3-d)pyrimidin-
6(7H)-one

.
Z

s
703

496 | Conventional

Z,

4-{4-[4-(3-Chloro-4-

fluorophenyl)-1-(2-

81 (pyrrolidin-1-yl)ethyl)-1H-

imidazol-2-yl]-piperidin-1-

yl}-5-ethyl-5H-pyrrolo[2,3-
d]pyrimidin-6(7H)-one

z

o

539 | Conventional

?

4-{4-[1-(2-Dimethylamino-
ethyl)-4-(4-fluorophenyl)-
82 1H-imidazol-2-yl]-
piperidin-1-yl}-5H-
pyrrolo[2,3-d]pyrimidin-
6(7H)-one

et

450 | Conventional

—
¢
<

2,
N

4
z




(DVF as solvent), 20 min 76 4- {4-[4-(4-Chloro-phenyl)-

1- (2-di net hyl am no-ethyl)- 1H i m dazol-2-yli- piperidin-1-y1l} -5, 7-
di hydr o- pyor20io0spd33- d] pyri m di n-6-one C 0 Nre--N_, NN PCICNK2608863020
Conventional 77 4- {4-[4-(3-Chloro-4- fluorophenyl)-1-(2- (pyrrol idi
n-1-yDethyl)-1H i m dazol -2-yll-piperidin-1- yl} -5-methyl-5H
pyrrolo[2,3-d]pyrimdin- 6(7H-one 4 C - N 525 Conventi onal

93

F
6-{4-[1-(2-Dimethylamino- __é £F
cthyl)-4-(4-fluoro-3- AN NN
83 triftuoromethyl-phenyl)- r/\/ 533 | Conventional
1H-imidazol-2-yl]-
piperidin-1-yl}-7-methyl-
7H-purin-8(9H)-one N/
4
o~
1
6-{4-[4-(3-Chloro-4-
fluorophenyl)-1-(2- N P
84 (pyrrolidin-L-yhethyl)- 1H- Cr 526 | Conventional
imidazol-2-yl]-piperidin-1-
yl}-7-methyl-7H-purin-
8(9H)-one A /
=
N
F
F F
6- {4-[4-(4-Fluoro-3- =
trifluoromethyl-phenyl)-1- G/\/N A
85 (2-(pyrrolidin-1-yl)ethyl)- 559 | Conventional
1H-imidazol-2-yl]-
piperidin-1-yl}-7-methyl- /
7H-purin-8(9H)-one NN
L=
EXAMPLE 86

4-{4-[1-(2-Dimethylamino-ethyl)-4-(4-fluoro-3-trifluoromethyl-phenyl)- 1H-imidazol-2-
y1] piperidin- 1-yl}-5,7-dihydro-pyrrolo[2,3-d]-pyrimidin-6-one



78 4- {4-[4-(3-Chloro-4- fluorophenyl)-1-(2- dinethylam no-ethyl)-1H

I m dazol -2-yl]-piperidin-1- yl} -5-nethyl-5H pyrrolo[2,3-d]pyrimdin-

6( 7H) - onew® 2010/0563dBl 499 Conventional 92 79 4- {444- (4- FCuarses08/063020
trifluoromethyl-phenyl)-1- (2-(pyrrolidin-I-yDethyl)- 1H i m dazol-2-yl1]-

pi peridin-1-y1l) -5-nethyl- 5Hpyrrolo[2,3- d]lpyrimdin-6(7H)-one * FF N 558
Conventional 80 4- {41443, 4-

94

\/N’\/N 4N

0

Method A: Charge a pressure tube with a mixture of 4-(4-(1-(2-(dimethylamino)ethyl)-
4-(4-fluoro-3-(trifluoromethyl)phenyl)-1H-imidazol-2-yl)piperidin-1-y1)-7-(4-
methoxybenzyl)-SH-pyrrolo[2,3-d]pyrimidin-6(7H)-one (1.00 equiv; 24.46 mmol; 15.60
5  g)in 48% aq HBr (1.39 mol; 156.00 mL) and acetic acid ( 816.72 mmol; 46.80 mL). Stir

the reaction at 115 °C for 36 h. Filter on a fiit, and wash the solid with water (100 mL).
Precipitate the filtrates with a solution of Na;HPQ, (10% w/w (312mL)) and filter on a
frit to obtain a tan solid. Dry the solid under vacuum and suspend in ACN and filter
filtered on a frit. Re-suspend the solid in ACN (70 mL) and filter on a frit to obtain the

10 title compound (11.05 mmol; 5.72 g; 45.18 %) as a cream colored solid. '"H NMR (300
MHz, DMSO): 10.96 (bs, 1H), 8.20 (s, 1H), 8.02-7.98 (m, 2H), 7.75 (s, 1H), 7.48-7.41
(m, 1H), 4.55-4.47 (m, 2H), 4.05 (t, J= 6.4 Hz, 2H), 3.75 (s, 2H), 3.34-3.35 (m, 2H), 3.21-
3.07 (m, 3H), 2.59 (t, J= 6.4 Hz, 2H), 2.21 (s, 6H), 1.83-1.73 (m, 2H).

15  Method B: In a pressure flask, charge a mixture of 4-(4-(1-(2-(dimethylamino)ethyl)-4-
(4-fluoro-3-(trifluoromethyl)phenyl)-1H-imidazol-2-yl)piperidin-1-yl)-7-(2,4-
dimethoxybenzyl)-5H-pyrrolo[ 2,3-d]pyrimidin-6(7H)-one (1.00 equiv; 148.3 mmol; 99.0
g) in TFA (1.98 mol; 150 mL) and anisole { 2.75 mol; 300 mL). Stir at 120-125 °C for 20
h, then at 140 °C for 3 h. Cool to RT and add DCM (2.5 L) and H,O (2.0 L). Rinse the

20  reaction flask with 0.5 N HCI (0.5 L). Extract the organic layer with 0.3 N HCI (500
mL). Extract the combined aqueous layers with DCM (500 mL), and extract the
combined organic layers with 0.1N HCI (500 mL). The separation flask contains a tarry
residue, and this is rinsed from the flask with DMF. Stir the combined aqueous acid
layers, containing the product, with DCM (4L), and adjust the pH to 5 with the addition

25  of NaOH (50% aq. solution, 130 mL). Adjust the pH further to 11.5-12 with NaOH (5 N



Di fl uorophenyl)-1-(2-(3- hydroxyazetidin-1- ypethyl)-1H i m dazol - 2-
yl'| -pi peridin-1-y1l) -5H pyrrolo[2,3-d]pyrimdin- 6(7H)-one r-y--- \N,

HO - ---.'wo.201048656onvent i onal 81 4- {444-(3-Chl oro-4- PChasopa®n3e) - 1-(2-
(pyrrolidin-1-yl)ethyl)-1H im dazol-2-yli-piperidin- 1 -
y1l1-5-ethyl -5H pyrrolo[2,3- cl]pyrimdin-6(7H-one - 0.,,,.N NN Xco IN

539 Conventional 82 4- (411-(2-D nethylam no- ethyl)-4-(4-fluorophenyl)-
1H i m dazol-2-yl]-

95

aq. solution, 25 mL). Separate the layers and extract the aqueous layer twice with DCM
(2.5L and 1.5 L). Combined the DCM layers and wash with 15 % NaCl aq. solution (2
L). Extract the aqueous layer with DCM (1 L). Combine the organic layers and
evaporate in vacuo to a gray/ pink colored solid. Stir the solid with can (800 mL) and heat
5 10 60°C to form a slurry. Add water (800 mL) and reheat to 60 °C. Allow to stir and
come to RT. Filter, wash with 1:1 ACN: water, and then with ACN. Filter on a frit to
obtain the title compound (116 mmol; 60.05 g; 78.3 %) as a light pink colored solid. 'H
NMR (300 MHz, DMSO): 10.96 (bs, 1H), 8.20 (s, 1H), 8.02-7.98 (m, 2H), 7.75 (s, 1H),
7.48-7.41 (m, 1H), 4.55-4.47 (m, 2H), 4.05 (t, J= 6.4 Hz, 2H), 3.75 (s, 2H), 3.34-3.35 (m,
10 2H), 3.21-3.07 (m, 3H), 2.59 (t, J= 6.4 Hz, 2H), 2.21 (s, 6H), 1.83-1.73 (m, 2H).

EXAMPLE 87
Preparation of Crystalline 4-{4-[1-(2-dimethylamino-ethyl)-4-(4-fluoro-3-
trifluoromethyl-phenyl)-1H-imidazol-2-yl] piperidin-1-yl}-5,7-dihydro-pyirolo[2,3-d]-
15 pyrimidin-6-one hemihydrate

To a 20 mL scintillation vial fitted with stir bar charge with 211 mg of 4-{4-[1-(2-
dimethylamino-ethyl)-4-(4-fluoro-3-trifluoromethyl-phenyl)- 1 H-imidazol-2-y1] piperidin-
1-y1}-5,7-dihydro-pyrrolo[2,3-d]-pyrimidin-6-one, followed by 2 mL of a 3:1 IPA/H,O

20  solvent mixture. Seed the suspension with 12 mg of hemihydrate seed crystals (see
preparation below). Stir (~600 RPM) at RT for approximately 4 days. Isolate the product

by vacuum filtration.

Preparation of Hemihydrate Seed Crystals:

25 To a 20 mL scintillation vial fitted with stir bar charge with 134 mg of 4-{4-[1-(2-
dimethylamino-ethyl)-4-(4-fluoro-3-trifluoromethyl-phenyl)- 1 H-imidazol-2-yl] piperidin-
1-y1}-5,7-dihydro-pyrrolo[2,3-d]-pyrimidin-6-one, followed by 13 mL of THF. Stir (~600
RPM) the resulting slurry over 50 °C heat for ~15 minutes until dissolution occurs. Filter
the warm solution using an 0.25 pm filter. To the warm solution, add 5 mL heptane

30  dropwise until turbidity persists. Add an additional 2 mL heptane to increase yield and

cool the solution naturally to RT. Isolate the product by vacuum filtration.



Conventi onal 93 83 6-04 |

pi peridin-1-yl) -5H pyrrolo[2,3-d]pyrimdin- 6(7H-one """NNv'N I N N 450
- (

2- Di net hyl am no- ethyl)-4-(4-fl uoro-3-

trifl uorowethywlospdsenyl) - 1H i m dazol - 2-y11- pi peri di n- | PETRUS2009me3000/ | -
7H-purin-8(9H)-one O N ....l.x:/ 533 Conventional 84 6- {444-(3-Chloro-4-

fl uor ophenyO- 1-( 2-

(pyrrolidin-I-yDethyl)-1H imdazol-2-yl1-piperidin-1-

y1ll-7-nmet hyl - 7H purin- 8(9H)-one

20

25

96

X-ray Powder Diffraction:

X-ray powder diffraction analysis is performed on a Bruker D4 Endeavor X-ray
powder diffractometer, equipped with a CuKa source (A=1.54056 A) and a Vantec
detector, and operating at 40 kV and 50 mA, with 0.6 mm divergence and detector slits.
The analysis is performed at RT. The sample is scanned from 4° to 40° in 26, with a step
size of 0.009 in 20 and a scan rate of 0.2 seconds per step.

Crystalline 4-{4-[1-(2-dimethylamino-ethyl)-4-(4-fluoro-3-trifluoromethyl-
phenyl)-1H-imidazol-2-yl] piperidin-1-y1}-5,7-dihydro-pyrrolo[ 2,3-d]-pyrimidin-6-one
hemihydrate is characterised by an X-ray powder diffraction pattern comprising peaks at
74,149,21.1,19.8 and 10.5 (£ 0.1° 26).

BC Solid-State NMR:

3¢ Cross polarization/magic angle spinning (CP/MAS) NMR (solid-state NMR
or SSNMR) spectra are obtained using a Bruker Avance 11 400 MHz NMR spectrometer
operating at a carbon frequency of 100.622 MHz and equipped with a Bruker 4mm
double resonance probe. TOSS sideband suppression is used along with cross polarization
employing SPINAL64 decoupling (95.4Watts) and a RAMP100 shaped H-nucleus CP
pulse. Acquisition parameters are as follows: 90° proton r.f. pulse width of 2.5 ps,
contact time is 0.5 ms, pulse repetition time of 5 s, MAS frequency of 10 kHz, spectral
width of 30 kHz, acquisition time is 34 ms. Chemical shifts are referenced to adamantane
(6 =29.5 ppm) in a separate experiment.

Crystalline 4-{4-[1-(2-dimethylamino-ethyl)-4-(4-fluoro-3-triflucromethyl-
phenyl)-1H-imidazol-2-yl] piperidin-1-yl}-5,7-dihydro-pyrrolo[2,3-d]-pyrimidin-6-one
hemihydrate is characterised by an SSNMR spectrum comprising resonances at 179.8,
156.9, 151.9, 137.5 and 33.8 ppm.

EXAMPLE 88
4-{4-[1-(2-Dimethylamino-ethyl)-4-(4-fluoro-3-trifluoromethyl-phenyl)-1H-imidazol-2-
yl] piperidin- 1-y1}-5,7-dihydro-pyrrolo[2,3-d]-pyrimidin-6-one



41 CIN,N N/ 526 Conventional 85 6- (414-(4-Fluoro-3-
trifluoronethyl-phenyl)-1- (2-(pyrrolidin- | -yDethyl)- 1Him dazol-2-yli -
pi peri di wo-29mjos6s63met hyl - 7H purin-8(9H)-one Fr O" \ PCTAB00COMNRNt i onal
EXAMPLE 86 4-

{441- (2- D net hyl am no-ethyl )-4-(4-fluoro-3-trifluoronethyl-phenyl)-1Him da
zol -2- yl] piperidin- 1 -yl1}-5,7-di hydro-pyrrol o[ 2, 3-cl]-pyrimdin-6-one
Met hod A: Charge a pressure tube with a m xture of

4-(4-(1-(2-(di nethyl am no) et hyl) -
4-(4-fluoro-3-(trifluoronethyl)phenyl)-1Him dazol -2-yDpi peridin-1-yl)-7-(4
- nmet hoxybenzyl )-5Hpyrrol o[ 2, 3-d] pyri mdin-6(7H)-one (1.00 equiv; 24.46
mmol ; 15.60 5 g) in 48%aq HBr (1.39 nol; 156.00 nm.) and acetic acid (
816.72 mmol ; 46.80 nL). Stir the reaction at 115C for 36 h. Filter on a
flit, and wash the solid with water (490 nL). Precipitate the filtrates
with a solution of Na2HPO4(10% w w (312nlL)) and filter on a fit to obtain a
tan solid. Dry the solid under vacuum and suspend in ACN and filter
filtered on a fit. Re-suspend the solid in ACN (70 nL) and filter on a fit
to obtain the 10 title compound (11.05 l¢ 5.72 g; 45.18 % as a cream
colored solid. Ili NVWVR (300 MHz, DMSO): 196 (bs, 1H), 8.20 (s, 1H),
8.02-7.98 (m 2H), 7.75 (s, 1H), *A4A8y7\41 (m 1H), 4.55-4.47 (m 2H), 4.05
(t, J= 6.4 Hz, 2H), 3.75 (s, 2H), B.34Y3.35 (m 2H), 3.21- 3.07 (m 3H,
2.59 (t, J=6.4 Hz, 2H), 2.21 (s, 6H) .83-1.73 (m 2H). 15 Method B: In a
pressure flask, charge a m xture of 4-{4-0-(2-(dinethylam no)ethyl)-4-
(4-fluoro-3-(trifluoromethypphenyl)- 1) ndazol - 2-yQpi peridin-1-y1)-7-(2, 4-
di met hoxybenzyl ) - 5H pyrrol o[ 2, 3-d] pyri th di n-6(7H) -one (1.00 equiv; 148.3
mml; 99.0 g) in TFA (1.98 nol; 150 nL) and anisole ( 2.75 nol; 300 InL).
Stir at 120-125C f oTrictBCethime-1. E2hvgaboaate: 140C for 3 h. Cool to RT and add DCM
(2.5 L) and H20 (2.0 L). Rinse the 20 reaction flask with 0.5 N HC (0.5
L). Extract the organic |layer with OEO‘P};'?MW—!CI (500 nL). Extract the conbined
aqueous |layers with DCM (500 InL), and ex¥ract the conbined organic |ayers
with 0.1IN HC1 (500 mL)., The separation flas ntains a tany residue, and
this is rinsed frsomthgha"igﬁ"g)s%g\%mfeﬁnmfﬁg?n : Feirsl'lt?Ege(’tﬁé“ﬁﬁrﬁdlpﬁaésa'maqueous aci d

| ayers, containi ng FRE“FPEHRTEE "B tR>Bov ¢ A9 > SR 988%™ the pH to 5 with

(0]

the addition 25 of 'N&‘G%W(°5‘6%S%{g’”? mUBPTRY SO ThE e KaPUSt the pH further
to 11.5-12 with NadﬁrfOBC fNZ.S }955 ool the reaction to 50-54 °C and slowly add 5.225 Kg of

sodium iodide into the reactor maintaining the temperature at 52-54 °C.

10 15. Slowly add 71.5 Kg of ethyl bromo acetate maintaining the temperature at 52-54°C.
Stimring for 12-14 hours maintaining the temperature between 55- 60°C(reflux). Cool the
reaction to 10 — 15°C, filter the reaction mass and wash the resulting filter cake with 110
L of acetone (at 10-15°C). Charge the filtrate into the reactor, heat to 45-50 °C and
concentrate until no distillate is seen. Apply vacuum to the concentrated distillate and

15 distill the excess unreacted diethyl malonate under vacuum (0.4-0.5 mmHg) with an
external temperature of 80 °C. Increase the temperature to 135 °C and distill the product
to afford 45.5 kg of triethyl ethane-1,1,2-tricarboxylate (53.72%) in 93.2% purity by GC.

Ethyl 2-(4,6-dihydroxypyrimidin-5-yl)acetate:
OH
0
(g
20 Ny ~on OB



aq. solution, 25 nL). Separate the |layers and extract the aqueous |ayer
twce with DCM (2.5 L and 1.5 L). Conbined the DCM | ayers and wash with 15
YNaCl aq. wol2otosese2 L) . Extract the aqueous | ayer w t hPDCNMSEdI10$302€Conbi ne
the organic |ayers and evaporate in vacuo to a gray/ pink colored solid.
Stir the solid with can (800 nL) and heat 5 to 60Cto forma slurry. Add
water (800 nL) and reheat to 60C. Allowto stir and cone to RT. Filter,
wash with 1:1 ACN. water, and then with ACN. Filter on a frit to obtain the
title conpound (116 mmol; 60.05 g; 78.3 %9 as a light pink colored solid.
11-1 NWR (300 MHz, DMVs0): 10.96 (bs, 1H), 8.20 (s, 1H), 8.02-7.98 (m 2H),
7.75 (s, 1H), 7.48-7.41 (m 1H), 4.55-4.47 (m 2H), 4.05 (t, J= 6.4 Hz,
2H), 3.75 (s, 2H), 3.34-3.35 (m 102H), 3.21-3.07 (m 3H), 2.59 (t, J= 6.4
Hz, 2H), 2.21 (s, 6H), 1.83-1.73 (m 2H). EXAWPLE 87 Pr eparati on of
Crystal line 4-{411-(2-di net hyl am no- etgQyl ) - 4- (4-fl uor o- 3-
trifluoronethyl-phenyl)-1Him dazol -2-y|]

pi peridin-1-y1}-5, 7-di hydro- pyrrol o[ 2, 3-d] - 15pyri m di n- 6- one heni hydrate
To a 20 nL scintillation vial fitted W|th stir bar charge with 211 ng of

4- { 441- ( 2. Charge 394.5 L methanol into the reactor at room temperature. Charge 0.3682 Kg

di met hyl ami no- et hy| §f sodiummgthepifiqipipythg egonayRT follqyeg pxiredt! el phieny 1) - 1H-i mi dazol - 2-yl
] piperidinl-yl}-5, Geabixfime @35 -Kgytir R T 2ho@s. Heatli reqgiop o #5811 md Btilbne, f ol | owed by
2 inL of a 3:1 | PA ®2@thpdcommrlely et vaquiox Chapee?63 LSEethnd inethguspessi on with 12 ng
of hem hyckat e seedsitragitidbusmethH@ @mitel pld atuimdaoed. Augee 268tdfr (- 600 RPM) at RT
for approximately AmdhaySio i Settbr @ oesoC BB sipaadincee doyomviadgataiandal | t rat i on.
Preparation of Hem Gyglisah R DGk mkdhofi& nfdishing ieRhRrae 2 B-150c. ®aAti | [ ation vial
fitted with stir ba@actﬁﬂ@@th@RMJsh folﬁléur r&rg@féSﬁg 0{“ l“l&énlml&rgacetate mto

di met hyl am no- et hy|3. edcic altlklfaLdl!l%l}Qalsgﬁlth efraLuH%Q%IoMstRﬁ -1Hi m dazol - 2- yl
] pl perl dinl - yl} 105’:;) t&r foyZ amtammgLe m) qral]ﬁregtg‘S 6936’ glowy ecreasegléone fol | owed by

13 mL of THF. Stir (- ver heat for -15
m nutes until disso il a% Stmcp}{]ﬂmacnmwlszogl iy 1 on using an 0.25 gm

filter. To the war rr‘i‘!rsj 'L I‘fl"‘h"mlwH&aalgg)mmim’ﬁ‘hetfmﬁe’am'egédro WoSE until turbidity
persists. Add an ad&ttdkal a““Z“"“ﬁ‘f;‘“ fﬁéb‘t"aﬂlﬁr‘lteffs“l"‘ﬁé"rl“ﬁé&°é““§‘?‘?"é1°d and cool the
solution natural |y Ta9mrdy hsis ekt & 3¢ paepVedsat sy et i 1 trati on. 96
X-ray Powder Dif#y aethimg (-5°Ccng spigrdryshsivel ene o jofminy Brethematerialymeilaran s | s perforned on
a Brul cer D4 Endeavatt-4XC r gird groldeesrdibdiofybyrigidit-ofredtae (35-65&g fhspped Wit h a CuKa
source (A=1.54056 Aptidand a Vantec detector, and operating at 40 kV and 50
m\, with 0.6 nm divergence and detector slits. 5 The analysis is perforned
at RT. The sanpl e i sweeasiRepkini@m-vhact: 40 in 20, with a step size of 0.009
in 20 and a scan rate of 0.2 seconds ¢ger step. Crystalline
4-{4-[1-(2-di met hyl am no- et hyI) 4- (Wo 3-trifluoromethyl phenyl)-1Him
dazol -2-yl] pi pe?]d din-1-y1}-5, 7-di hyte,J| Q-pyrrol o[ 2, 3-d] - pyri m di n-6-one
hem hydrate is characterised by an X-ray powder diffraction pattern
conprising peaks at 107.4, 14.9, 21.1, 19.8 and 10.5 ( 0.1 20). 13C
Solid-State NVR ol ari.zatj on/ magi ¢ angl e spinning
(CP/ MAS) NMR (solid- st a?aéesﬁl\?ﬁml“em@é%’)%%sﬁ dRydm’fy?y"m“? 0 obtai ned using a Bruker
Avance |1 400 MHz NVFESSBECEFEMET-&r HE™ °|5811 2R "éf’femKé&r bon frequency of
100. 622 MHz and Equi'PPet oWiPHe @ BRIKEE " ATTHG U & r @88hance probe. TOSS

si deband suppr essi ofi"&°f B af-of g fret-de o3 8A iputesrrats on enpl oyi ng

SPI NAL64 decoupl i ngmyngignee yperptusbeteend-S 2L FanPeeggo-Bhgretdtrkr hucl eus CP pul se.
Acqui si tion par amet ews Digiil ent GEL of ighehedrgusthe reg@on prrt (941 151§ upder prmosghenit se wi dth of 2.5
Rs, contact tinme i Spdduwd Chage 17l ©i@ncrighp @ibpertitir@frsotd dmpdisdfou e gme MAS f r equency of
10 kHz, spect ral 3020vommedt dhe®fs cidiged k IHB-1 15°8 Grgds buBobphekiRessird. m@Ities 34 5. Chemi cal
shifts are referenced to adamantane (8 = 29.5 ppm) in a separate

experi nment. Crystalline

4-{441- (2-di net hyl am no-ethyl)-4-(4-fluoro-3-trifluoronethyl phenyl)-1Himd
azol -2-yl] piperidin-1-yl1}-5,7-di hydro-pyrrol o[ 2, 3-d]-pyrimdin-6-one

hem hydrate is characterised by an SSNVR spectrum conpri si ng resonances at
179.8, 25156.9, 151.9, 137.5 and 33.8 ppm EXAMPLE 88 4-

{411- (2- D net hyl am no-ethyl)-4-(4-fluoro-3-trifluoronethyl-phenyl)-1Him da
zol -2- yl] piperidin-1-y1}-5,7-di hydro-pyrrol o[ 2, 3-d]-pyrimdin-6-one




97 Triethyl ethane-1,1,2-tricarboxylate: EtO 5Charge 400 L of acetone
into a reactor. Charge 71.17 Kg of powdered potassi um carbonate nai ntai ni ng
t he t enpewetorodsede325 - 30C. Charge 55 Kg of Di et hyl nal enatus2e00a06302he
reactor under stirring maintaining the tenperature at 25-30C. Heat the
reaction 55 - 60C for 2.5 hours. Cool the reaction to 50-54C and sl owy add
5.225 Kg of sodiumiodide into the reactor naintaining the tenperature at
52-54 C. 1015. Slowy add 71.5 Kg of ethyl brono acetate maintaining the
tenperature at 52-54C. Stirring for 12-14 hours naintaining the tenperature
bet ween 55- 60C(reflux). Cool the reaction to 10- 15C, filter the reaction
mass and wash the resulting filter cake with 110 L of acetone (at 10-15C).
Charge the filtrate into the reactor, heat to 45-50C and concentrate unti |
no distillate is seen. Apply vacuumto the concentrated distillate and 15
distill the excess unreacted di ethyl mglonate under vacuum (0.4-0.5 mmHg)
with an external tenperature of 80 C. Increase the tenperature to 135 C and
distill the product to afford 45.5 kg of triethyl

ethane-1, 1, 2-tricarboxylate (53.72% in 93.2%purity by GC. Ethyl

2- (4, 6- di hydr oxy py r FHHotTar 8% ‘F)“ﬁé’éfﬁeﬁé"fwﬂqw'ﬁe‘m‘“‘a%“‘“emp""a“‘“@nar ge 394.5 L

met hanol into the r¥3EE G ak mngeHd2ERJder de oplirs dakhrermgaisior 3682 Kg of sodi um
met hoxi de i nto the Eregchygrironthe rior fugist hgipend colippt th filfratot Weghlthe bfidbedne- 1, 1, 2-
tricarboxyl ate (93. 8K of olfishd Bepagrie thi¥itoh @peorglalrcron v oredielater. t he reaction to
40-50C and distild wautmenpdohanrotin 0ONobit@ldyombirtesanagasumshtichar ge 263 L of
nmet hanol into the roeatdfandlyed i 175 L Fsodmlydedki® tolulich 20Ukt hanol conpl etel y
under vacuum at 40- $@feiayehdiGCordh30h nfinTB hRBRlio 1 BLO clary eact or at 40- 50C
cool slowly to 10- 156t @rid LoRER Rk YSkiddyd bokidely Mler oty 9€ 54. 54 Kg of sodi um
nmet hoxi de mai ntai ni l&glwlh&%le&r%ﬁp-ﬁerbg\t/e%u?m%t Ch11963;‘1~50fg;xanmoq}Ie the reaction sl ow y

to RT and Stl r f eactlo mass whllcmaln 13 g the't emp:egraturcgt 49 0° andd 13} reactl@lﬁngcet ate I nto t he
reactor at RT an Sl 1¥act r?io(?SeC reactl on mass to

enper B
er the resultng so 1ds he maten underv

reflux (65-68 10C). 10! the tenperature at

65-68 C. 9 ow y dectEyLaneg “‘f%‘é’é’@?’f‘*dﬁs“’“?&aﬁg?%t”?‘/é“tzf°r0° 15 ¢ and adi ust the

pH of reaction to 1.5-2.0 by slowy adding the Methanolic HCl (15-18%

mai nt ai ni ng t he ter’rb"é‘i"ﬁfGf“’é'm?&’t”‘yTBY“fBP‘C"'°[’C§d’@?¥"“‘t"ﬁé‘7ﬁ”é“éct| on to 0-5C and

maintain for 1 hour. Filter the rs‘i‘%t\lﬁng solids via centrifuge at 0-5 C
i

and spin dry the wet cake for 30 rj nptes. Wash the wet cake with 26.3 L of
chilled 15 nethanol (0-5C) and spi y the wet cake for 30 mn. Dry the
mat eri al under vacuum at 40-45C to af f@@et hyl
2- (4, 6-di hydroxypyri m di n-5-yl ) acet ate 065 Kg, 76.6% as a solid. Ethyl
2- (4, 6-di ehl or opyri r ni diage 13-yl @dd ethyep:(4,6Jichi@ddyrimidin-5-yDacetateCti&) ge 525 L of
t ol uene and et hyl 2t #alor R wElizOX 35y 6EDIPECihtéthe Teacyst oy parbdd €10( 35 kg) into the
reactor at RT. CooOl miuR&shile@@fifininOthe dnfrath@at 3526Ec aRdmhanGenddnd Kg of
to 10-15°C and stir the reaction for 5-10 minutes. Charge 20.8 Kg of 2 4-
20  Dimethoxybenzylamine into the reactor by while maintaining the temperature at 10-15
°C. Heat the reaction slowly to a temperature of 60-65°C and stir 3 hours. Cool the
reaction slowly to 25-28°C and add 250 L of water into the reactor while maintaining the
temperature at 10-15°C. Stir the reaction mass for 10-15 minutes then heat the reaction to
25-28°C. Charge 125 L of DCM into the reaction, stir for 15 minutes and separate the
25  layers. Wash the aqueous layer with 75 L of DCM. Wash the combined organic layers
with 75 L of IN HCl solution followed by water (100 L) and finally with 15% brine (100
L). Distill the organic layer under vacuum at 45-50°C. Charge 50 L of Hexane into the
reaction at 45-50°C and distill the reaction under vacuum at 45-50°C (2x). Cool the



25 phosphorus oxychl oride while maintaining the tenperature at 10-15C. Cool
the contents of the reactor to 0-5 C and charge 38.5 Kg of TEA into the
react or WNOl2e10m&6F8Bai ni ng t he tenperature between 0-5 CPCHasRowo630ed | uX

(110-115 C) and stir for 3 hours. Distill out 175 L of toluene fromthe
reaction at 110-115C under atnospheric pressure. Charge 175 L of tol uene at
the tenperature 45-50C then distill out the same 30 volune of toluene as

charged at 110-115C under atnospheric pressure. Cool the 99 reaction nass
to 20-22C and charge 175 L of water while maintaining the tenperature at
20-22C. Stir for 15 mnutes at 20-22C. Filter the resulting dark brown

emul sion (organic layer) fromthe reactor through hyflo and collect the
filtrate. Wash the hyllo bed with 157.5 L of toluene. Separate the bottom
aqueous |layer fromtop organic layer. 5 Wash the aqueous layer with 105 L
of toluene and conbine the organic |aygrs. Wash the conbi ned organic |ayers
with 175 L of 3% sodi um hydroxi de sol ution (2x). Wash the organic | ayer
with 175 L of water (2x) then with 15% brine solution (175 L). Charge 175 L
of 15% Brine solution. Distill the organic |ayer conpletely under vacuum by
mai nt ai ni ng t he ten‘ﬁé‘i"’a‘fW‘é““"d@f“&\?@é‘ﬁ“‘e&%“‘Séﬁes“l'eﬁsalfdg‘@WB‘B“"I‘_""‘E?‘I“ Hexane into the
10 reaction nmass whiih e Ligkehibet wlerheily - Hy heestviyuscdids ppeevagnm a48450C and distil |
the reaction (2x). Coéhrectohee @7 bt firgtyolils@nd 028K ofaet Tupnp o mFactirhe r esul t i ng
solids. Dry the naténtmetkactiogndSro°d/ae bl hgeaginfodp-g Catdladjst the pH to

2- (4, 6-di chl or opyx | ¢7dbyrddme s ptiGr@ticarbogate oRifon kighfill i BacEHPndepr@oudnay el | ow sol i d.
15MeOVe Char g8-5&d TodLthe@intedlthe & @r te2b-bR9d, charge 3X L of Toluene into the

2- (4, 6-di chl or opyr i gdudi dernrydsYRE Shir &t Bhouk deR ol B9 colichtt Dnckadic@Bt Or at RT. Charge
17.55 Kg of DI PEA i RicOrfuld&ool 186d R rtd@MRbliasdw RSk WAk Qfn B0 M nutes while

nai ntai ni ng the tenpgLahuk&- 5%} sﬁr@thzs%QsanQQLfcﬁuchﬁua&r%td?mécerOf the reactor to
10-15C and Stl r EOh Washq}%(;vgIa%w1th39£Lo§ch:lllledwaterla)LgIC?dery emz'l’teggune . 8 Kg Of 2 4- 20

D net hoxybenzyl am ngcu&mrl e b or ) ox o) I ng the tenperature
at 10-15 C. Heat th ke it ”W"‘ he. 'ﬁmel[gf 60- 65C and stir 3

hours. Cool the real®d dm6§'f')°’\'/‘\7(265'?g073‘)2(§e“29§%/° 250 L of water into the
reactor while maintaining the tenperature at 10 15C. Stir the reaction mass
for 10-15 minutes tfh‘éwﬁg:Qf°f°t3ﬁéﬂ"?‘%'éf@t>thdwe“ta@“2‘5m‘2>@ezeﬂeeff‘a?‘fge 125 L of DCM
into the reacti off, sti Foofaglutiopof 2prppq] teforoir{eifugrenstieppredepdac (B% | ayers. Wash t he
aqueous | ayer w t h pASbyHPIEE 10PENE! B mTHE [§&) et ior mechato rAdgimivgon| ayers with 75 L
of IN HCl sol uti on 4 elingyid d39%a)8.64vet. 15 cf il @@ (R0 mig drob whist qaabnk hpurwt t h 15% bri ne
(100 L). Distill thes organinsga <yebr okt AalCkpantanaddisan adaquébsip@C. Charge 50 L of
Hexane i nto the reawtit©inoldtdd d5rghf) GyeasRely Gir Skoird th a séili@ of €act i on under vacuum at
45-50C (2x). Coobo t HfBenyiphQfind (@28551315 b, 1.02q)PridnnesAIGk 28 hokohyk@d 30 m nutes. Filter
the resul ting solidy3Rd oWash &t THESL) GRlEn WidnhtrmPa L1s0& chil | ed n- Hexane

(0 5C) Dry t he I €Sk uEllth]glsa%&loﬁ a%%ohh&@%ﬁate\ﬁﬁ&%%ﬁ;ﬁ Stlé}geréélonc Char ge t ol uene

(375 L) the dried Slg turea§<2(?‘eg)r2]ﬁou9an§thenglte9hesogca gh QH}-‘%”?Ltand reactor. Heat
the reaction to 85- Q41 C. and adjust the

pH to 56.5-7.0 b az%%umgrvtfﬂymggﬁeqq)éQmB}SA%Z corre&e%l’orstamr‘gmimna ﬂmtyD still the
reaction under vaculifi gt AEeBgE Mgy P RR Rkt SRR s RE * eact or to
25-28C, charge 3X L*'8f T8It RS PHY P a8 i U4 feCHEd? to 85-90C. Stir
for 1 hour then coot?®He contents of the reactor to 25- 28C. Further cool
to 0-5C and filter the solids. Wash the wet cake with 75 L of chilled

Tol uene (0-5C). S| ut@(f-Fludme-(glyprpnggiyDpheny1}-opdgthylcartgfioylipingrifiijegeprbgyaicer (0- 5C) and
filter. 10 Wash theainetbuglaiee With 37.5 L of chilled water (0-5C) and dry
the mat erl al under vac H&me@taml%q (Afﬁoroc; (ng.lorgnte&l)% gn 1ethanone, 4-

4Ch|0|’07(24d| e'enz Tl 1dicarboxylc m-onoe-in-6(7H)'0ne
(26.5 Kg, 73% yi el gmé'g égq/f“é‘{&%u%%&éwﬁ@ Lol uaaodl R (¢

2- Am no- 1- (4-fl uor o- 3- (trlfluoronethyl)phenypethanone

4- et hyl benzenesul fonate: 15Cool a sol ution of
2-brono-1-(4-fluoro-3-(trifluoronethyl)phenypet hanone (93% pure by HPLC,
1000 g; 3.51 nol) and THF (5 L) to <5 Cin an ice bath. Add a solution of
sodi um azide (239 g; 3.68 nmol, 1.05 eq) in water (800 nlL) drop w se over
one hour at <5 C. After stirring at <5 C for one hour, separate and

di scard the aqueous |layer. Wiile still cold, add the organic | ayer slowy
over 3 hours to a solution of 20triphenyl phosphine (920.2g, 3.51 nol, 1.0
eq), p-toluenesulfonic acid nmonohydrate (1335g, 7.02 nol, 2.0 eq), and THF
(5L). Maintain the tenperature at < 15 C throughout this addition and
solids precipitate during the addition. Stir the reaction m xture at <20 C
for 2 hours and then filter the solid, wash with THF (3 x 2 L), and dry at
50C under vacuumto give 1167.4g (85% 92% corrected for starting nmateri al
purlty) 25 of 2- anlno 1- (4 quoro 3- (tr|fIuoronethyl)phenypethanone

I T I r B T T I 1 I 1 / ™~ \ o 7/ R A. 1 I\




Combi ne 2-am no-1-(4-fluoro-3-(trifluoronethyl)phenypethanone, 4-

net hyl benzenesul fonate (1133 g; 2.88 nol), piperidine-1,4-dicarboxylic acid
nono-t er two20m/dses691 ester (795 g; 3.47 nol, 1.20 eq), PHFUS3MS50630R), and
EA (7500 nmL.) to forma thin white slurry. Cool the slurry to <5 Cin ice
bat h and add 2- propanephosphoni c acid anhydride (T3P) (50% solution in
Et0Ac) (2385 g; 3.75 nol, 1.3 eq). Then add NW (795 nL; 7.21 nol, 2.5 eq)
over 1 hour, maintaining the tenperature < 10C. Warmthe 5 resulting slurry
to anmbient tenperature and stir for 2 hours. Quench the reaction by
addition of water. Separate the organic phase, then wash w th aqueous
NaHCO3, aqueous NaCl. Warmthe organi c phase to 50 C on a rotary evaporator
and add n- heptane. Distill solvent under vacuumuntil the final slurry
volunme is approximately 5 L. Cool the slurry to RT and filter the solids,
wash with n-heptane (2 x IL) and thenygry 10in a vacuum oven at 50C
overnight, resulting in 4-(2-(4-fluoro-3-

(trifluoromethyl )phenyl) 2- oxoet hyl car banmoyDpi peri di ne-1-carboxylic acid
tert-butyl ester (1124. 90% as a white solid. 1HNVR (300 MHz, DMSO):
8.37-8.26 (m 3H), Wmﬂ% 847C‘ﬁ‘)‘ZﬁiﬂbTHF@“SB‘IL’(aﬂEA@”‘“SL)‘B“PE‘““"ZH) 3.91 (d, J=
12.9 Hz, 2H), 2. 75-ighgynfoolghppiury i9<3fE infetBlyand 344 2-pppfyephosphorgeid) 60 (m 2H), 1. 39
(s, 12H). 15 4-] 4- (#yfFdBP G0%8solption if HQUAQBEret3 Aol [5Fy@nKr¢npdd NMM

1H i m dazol - 2- y1] - piper:r.dirmie-ste oar pexmpingitng detknglerdue <t oG Warplthe est er : - Conbi ne

4- (2-(4-f1 uor o- 3-H t eshlfink 4@¥ ©aBERHIpI4BR @M il r2 Bours. Qe@RbIIGdi0 @Y banoyl ) pi peri di ne- 1
-carboxylic acid t edaditokdabayl sepsote@E ordanlcQfseGhen wAsB LithgWLs NaHCADaqad®TONT UM acet at e
(178.3 g; 2.31 nol, NabOwE ho org@R phadd B 5NERRIotark dDMr Mhohan- The reactor used for
this transformati Onhel!utaﬁe alstﬁglvlnﬁlgderllc&ﬁumllliwRal sl§1§/aoiluﬂi %mﬁ;}e@@l t ube (tOt al

internal volune of ElémtEL&uAyELR‘P%@Bmh§soé4Jas hepmld‘%ﬁtn LRBakGactor in an oven
to 140C. Control  the back bressure i £50 pSI g by a regul ator

to all ow super heatmmu the so lghmsultmgl 4§2 (w“om boi ling point. Punp
the sol ution prepar eggm Cthi’/l)éhcn %%"“H{ngmf 'perﬁmelcaﬂgxy& ?‘ﬁe‘;'b ated tube under
pressure at 6.01 m.?s‘““ & P8 “ﬁ”hd QM é“ &% in the heated
tube of 90 mi nutes)’™*AS @ 1R 48t hfgWHé%?lt‘dsj {RE= 3R> tBo™ it back to 20C in
a tubei n-tube heat #REHAMGE! S 'heet H8GeHbire sol uti on process through the
reactor (8 hoursitotal processing tine), concentrate the resulting orange
sol ution under vacuiiuakoro3WaudidRet-phelals -Mi@kai ¥ ppfiaidQQrsic Add ACN (200 nl)
and heat the sol utigf.lQyRQC. Add 30 water (700 mi) drop wise with seeding
over 2 hours to crystaki,db,;eq(zt(bﬁmp“gg&&%ﬂh 1% jothe resulting slurry to 20C

and filter the soligd £ §nn"i"§rxc91c9erulnir L 2 x 200 mL). Dry
the resulting solj Meth%lcar oy S dnc iyt s ST ﬂﬁ%;ﬂeacérsq{l d in ACN (200

102 m) at 50C Coo Im?nﬁm"macftatc%%gt 5 m°1 Qe a?dmf el er the solid and
wash with ACN (100 ﬁtlss tr%nsfonna*wfl 6?called 1/16 ID stainless stee be {total internal olume of

414- (4-f1 uor o- 3- t ri PEBrEet 'y Hpre Py~ e M §aZ81 % % i pi peri di ne- 1 - carbo
xylic acid tert-butRFegighbe {5Apsalygreapia figggperhesmpftheglioan of f white solid.

| H NVR (300 MHz, DMBDjits nop@l bejlipe foigt, Pupypfhe solugion prgpar@d atgg cofitipyousty hpugh 7 70(d, J= 1.4
Hz, 51H), 7.49- 7.2543‘1“3("1’?’1"‘1 wh-fnder pBssuBGt 60 nl/nfintaiirfing @ totplyesiderR¢gme in@e 92- 2. 85 (m 3H),

| .91-1.87 (m 2H) ,  lHbate@ulbe §_f_9Gﬂinu@s|)ﬂAs @dﬂﬁlqtion}_)gitﬂlk m(etSc;ool @H)k_to 20°C in a tube-

4- (1- (2- (D et hyl ani-ne hetelanidedr- Gheehdentind sul@ibr@rodss (rbbugh thelreatdr @@ hyl ) phenyl) - 1H i mi
dazol - 2- yOpi peri di 6@ prdees€nd iR D6Yebnirat thaushiifhg brge botulid fnyte vadGda80°C 10l N @ 22 L 3
neck round bottom f@askeGsbdapeshs Wi dho aL) e anbigieado 5id Adaer, nitrogen inlet,
drying tube and theffneeuhhs wEhak 8nNEGht b33t prdiddchdd- (4- f 1 uor o- 3-

ki f1 uoromethyl - phen%ih?a ozofdaﬁ'ﬁflﬁ‘tﬁeQJna 8en)&Lsﬂw.rl?ﬁoP%é}Q,&vFL§r(z]xz&>ar boxylic acid

tert-butyl ester (2& o T O > v uu;[iag(g,): Heat. 508 Ack bb' ting suspenS| on
to 43-48C then add sg K f1h ro(;(l}" eachV\t/der R( 1113'g, l1 2A§ §D| 2.5 eq) in one

portion. Stir the resulting suspension 15 for 1 hour at 43-48C. To this
suspensi on add 2-chl oro- N, N-di net hyl et hanam ne hydrochl ori de (90 g,
0.625npl1, 1.25 eq). Stir the resulting suspension for 35-40 m nutes. Cool
the reaction mxture to 18-23C and add cold water (227.4 niL). Once water
addition is conplete, bring the reaction m xture tenperature to 20-25C,
stir for 60-90 mnutes and filter the suspension. Wash the solids with a
m xture of DVSO (103.4 nL) 20 and water (51.7 inL) two tines. Wash the
solids with water (2 X 517 inL) and dry solids on a filter with suction to
afford the target conmpound (219.9g. 87.5%yield) as a tan solid.|HNVR (300
MHz, DMSO): 8.04-8.00 (m 2H), 7.74 (s, 1H), 7.46 (t, J= 9.9 Hz, 1H
4.06-3.99 (m 4H), 3.03-2.93 (m 3H), 257(t, J= 6.3 Hz, 2H), 2.19 (s, 6H)
1811.77 (m 2H), 1.70-1.55 (m 2H), 1.42 (s, 9H). 25
2-(4-(4-Fluoro-3-(trifluoronethyl)phenyl)-2-(piperidin-4-yl)-1Hi m dazol -
y1) - N, Ndi met hyl et hanam ne tri hydrochl ori de:



In a1l L 3 neck round bottomflask with a nmechanical stirrer, thernocouple
and nitrogen inlet charge ethanol (339.2 nL) and cool to -5 to 5C. Add

dr op- w sewoeato/@c®Byl 30chloride (78.5 g, 1 nol, 5 eq) @&CTAISL@OM63000

mai ntain tenperature at 0-15C. Cool the resulting solution to 0-5C and stir
for 30 mnutes. Add 4-(1-(2-(dinethylam no)ethyl)-4-
(4-fluoro-3-(trifluoronethyl)phenyl)-1H i m dazol - 2-yppi peri di ne-1-carboxyl i
c acid tert- 103 butyl ester (96.9 g, 0.2 nol, 1 eq) over 5-10 m nutes.
Warm the reaction solution to RI (crystallization takes place) and stir the
resul ting suspension for 20-28 hours at RT. Once the reaction is deened
conplete, filter the reaction m xture and wash the solids with ethanol (3 x
5ft mL) then with heptane (2 x 96.9 nlL). Dry solids under vacuumat 35- 5
40C to afford the target conpound (105 139, >100% vyield) as a light tan
solid. mz (MH): 385.2

4-(4-(1- (2 (D met hyl am no) et hyl ) - 4- (4 quoro 3-(trifluoronethyfl phenyl)-1H
i m dazol -

YL:,]EI pi{)lccoilngl :]_eyl) rZL)gt520 °C ng{threr?lﬁrrggﬁgggn%perln?re fgttr'-thes}c(lrdra‘m(glﬁa?l!:w%hAC d] pyrl m di n- 6( 7H)
2- (4- (4-f 1 uor o- 3- ( t Mombipaffashtitthipee-pheeigredl-pepffiadetldivh- 4- y1) - 14

i m dazol - 1- y1) - N, N-gherdet gtostiiadierrim etet(¥ ey dmod A" ospa8wiit98. 76 g, |eq) ,
DVSO (395 nl) and solid. 'HNMR (300 MHz, DMSO): 12.01 (s, IH), 8.08-8.04 (m, 2H), 7.70 (d, J= 1.4 Hz,

4-chl oro-7-( 2, 4- di nei, hexylaenmysd) ¢ FHz prerHt.ep.8,68 38 ] pwirsi @i 28i, n- 6( 7H) -one (1.1
eq). Heat the resul tang «suspenssmn to 60-65C then add TEA (6 eq). Stir for
6 hours. Add DMBO (395 nmlL) and water (150 nL) as a streamand stir the

resul ting suspensi oy é.‘ém,&em;m:mmW (4-boro 4—5—3136&gethylgilelnyi)-%-imrdﬂcﬁa-sl urry and wash
the solids with a l)ége%glcgox%@, ,gsg ) and wat er (1 vol) two tines.

Further V\aSh the OSO W%nc l'Ollll% Oﬂ( ask equ CdQN e am{:‘r;?gmer 10611(3 X 200 rn_) and
hept ane (3 x 200 rn| i j?r]k ¢ tt kql& jlﬂl e [4(pﬂu {%rd t he target

conpound (106.5 g, ll'? Df’ggo ' - eCharge 400 MHz, DWVS0):
8.18 (s, 1M, 7.99- vuggﬂetﬂ L iy oyl SR 400,10 DHEO)
J=7.1 Hz 1H), 20 6.%8%7cl’"9y2p *Hi‘hﬁ?il)l"“gs%"e?gn‘°‘8“‘§%‘he('??f a2 I 4 67 (s, 2H),
4.49 (d, J= 13.1 thydf%ﬁﬁmwdﬂ“b% ol 2 cagin ggoporsquy Stir thg regilgngsupensigy )y - 3. 78 (s, 3H),
3.69 (s, 3H), 3. 1%5-fr!0gra4fs°C3[g)tus sppemsin afdp2-chlop-N Nglingthylqhanangng ) -~ 2 18 (s, 6H),
1.89-1.74 ( m 4H) . hydrochlqﬁde{%_g, [).62§m01, 1.25 eq). Stir the resulting suspension for 35-40 minutes.

- (2- Di met hyl am no- eCoblyhk ipactifn rfindpurefid 181231CoRdZdd tokdiwhkr G @EQppherpheny 1) - 1H- i m dazol -
2- 25yl i pi peri di n- | adyibg is ompkte, chinkigicCltacen(itine @hpernids to-2fC; i korwd di n- 6- one
tristrifl uoronet hanas ahddiid 6 sag@isioh. Wash the solids@GaHEXixRL of BMSIL 08l higN  Of
4- (4- (1- (2- (di mebdyindiief) fi) B linles. 4rash fhe shilad WK A3z X 517 mL) and dry solids _
(trifluoronethyfl ph@@mmﬂaswﬁanmfgamgezo%zmm@grwsmm;,say;.) 7- (2, 4- di met hoxyb
enzyl ) - SHpyr r ol of 2, 3r40 W doBlfl) ws@fgdiﬂﬁo%ﬁ'%{)(ﬁzr(pgﬂ?EN'JV99H]Z5OO g) in DCM

(10.125 L, 6.4 30 v o t VE |, nd cool the
filtrate to 0-5 C %g%{%ﬁ?gfﬁé ﬁg@r({]l} %\A‘feg%%;}y(TFﬁ%g 3 L). Cool the

solution to 0-5 ¢ a r overm K-B\ddtl’lﬂlc acid (3.3 L) over 10

m nutes (resulting 1(m(@mor@imun@.remnﬁhgynzaépeﬁ@pﬁll.,s.uor]yi,QNm nutes before 104
heating the m xtur ed.met?{%ﬁan%gmmcﬁl&ﬂdé‘g or 6h. Cool the reaction to -18 C
and add water (11.25L), Stir. the resultir n,%ch%gggmr sion for 35 mnutes and

ermocou lea d

T Inl tE)e(;I’Tp::Iel t8§; E gogert?e_léellljlllletchageﬂ?an f‘l(%? n%].l,)gldco lto 5to(l;n drca) w1seneatt1gle \?va'g 2‘? ?gi;r Ialrj‘lgd

DCM (2 x 6L). SudpeRdthesssr 56"%“‘?‘?1‘“&‘“":‘*%““?“61’?‘%5““’6?" '"BCWAt ST (6 L) and DCM (12
L) and stir for 30 Tiffaoren &' pef of Randg | AH - GHr-Rasrhh water (4 x 3L)
and DCM (4 x 3L) t o“&PréfdurcreyisgguiEimidazel2-yipiprdne-(-o2oeylifist 47| ani no- et hyl ) -
4-(4-fluoro-3-trifluoronethyl-phenyl)-1Hi m dazol - 2-yl ]

pi peridin-1-y1}-5, 7-di hydropyrrol o[ 2, 3-cl] - pyri m di n- 6- one
tristrifluoronethanesulfonic acid, as a tan solid (4062 g, 93.5%yield). 1H
NVR (400 MHz, d6-DMS0): 11.32 (s, 1H), 9.50 (bs, 1H), 8.33 (s, 1H), 108.22
(s, 1H), 8.14-8.18 (m 1H), 7.75-8.12 (m 1H), 7.76 (t, J=9.2 Hz, 1H),
4.55-4.67 (m 4H), 3.85 (s, 2H), 3.58-3.65 (m 3H), 3.16 (t, J= 12 Hz, 2H),
2.95 (s, 6H), 2.00-2.07 (m 2H), 1.80-2.04 (m 2H); NVR (400 MHz, d6-DWVSO0):
-60.13 (s, 3F, Aryl-CF3), - 77.80 (s, 9F, 3 x HOSRCF3), -114.75 (bs, IF,
Aryl-F). X-Ray Powder Diffraction: X-ray powder diffraction analysis is
perfornmed on a



15 Bruker D4 Endeavor X-ray powder diffractoneter, equipped with a CukKa
source (X=1.54056 A) and a Vantec detector, and operating at 35 kV and 50
mA, wi t h woeoramseiéser gence and detector slits. The anal psraSe@9pesotor med at
RT. The sanple is scanned from4 to 40 in 20, with a step size of 0.009 in
20 and a scan rate of 0.5 seconds per step. 204- {441
-(2-D net hyl am no-ethyl)-4-(4-fluoro-3-tri fluoronethyl-phenyl)-1H i
m dazol -2-yl] piperidin-1-y11-5, 7-di hydro-pyrrol o[ 2, 3-d] - pyri m di n-6-one
tristrifluoronmethanesul fonic acid is characterised by an X-ray powder
diffraction pattern conprising peaks at 22.6, 21.7, 2L5, 21.1, 20.4, 201,
18.6, 18.5, 15.5, 15.0 and 13.2( 0.120). 2513C Solid-State NVR 13C
Solid-State NVR is perforned as described in Exanple 87. 4-
(441- (2- Di et hyl at ni no- et hyI) 4- (4-fluoro-3-trifluoronethyl-phenyl)-1H m da
zol -2-yl] piperidin-1-y11-5,7-di hydroygyrrol o[ 2, 3-d]-pyrim din-6-one
tristrifl uoromethanesul foni c acid is characterised by an SSNMR spectrum
conpri sing resonances at 176.9, 155.4, 150.0, 148.0, 94.6, 57.7, 36.4, 32.0
and 27.4 ppm 30 4-
(441- (2- Di met hyl ani feewt ¢yis)02 3ol 2 o i mises- Yo erertr et A§T - phenyl ) - 1H-i ni da
zol -2- yl] piperi di ersplizipn aks plae) ey piivippreepltipariseersiondr 20-28bop iy Pricqri di n- 6- one
n'Dnohydr at e: 105 the reaction §|degmed Spmﬂ;te, filter the reaction mixture and wash the solids with
{441- ( 2- di met hyl am sharolgtxti8rhl) thed wighAsptre G @ P60 mB- Pry folfd} niarvemebhy| - phenyl) -
1H- i m dazol - 2-yl |5 piojo@faftoghitia tatet dprilppund (105.13g, >100% yield) as a light tan solid. m/z
-5, 7-di hydr o- pyrr ol @f;38=2d] - pyri m di n-6-one tristrifluoronethanesul fonic
acid (4060 g, 4.2 nmol, 1 eq) with water (32.5 L, 8 vol). Add 50% aqguesous
sodi um hydr oxi de so} g @QBimdirh@bBnyl) 34 huoR D keritRM e bindhyh Bk RT (pH = 7). 5
Add 50% aquesous sogfLim.hy Jf@xa"ﬂeﬁox&g.lz,wsﬂ{s}nm(z%% mﬁns(ﬂnalne eq) and stir 111
(pH:9 10) Fil tedOS i € Eom%llﬁle Zt{ &lomeaﬂln ?%% 1per1dm yl) Ler (4 O6L, |vol )

i

Suspend the soli
"ﬁg N f"a'ﬂmc Xr?f end the solids in

.Qaz‘{"?lﬁfN Filter the
resulting slurry ang ’ﬁl n, 4. 0ol 1vol ) 7>:f)
water (20.3 L, 5 vofy™and“&t "f'eﬁ"’xyhf—“z’i LpmYYEe 1"“ 'Ff( g Sturry and wash

with water (4.06L, BT‘?"‘““’S'G'%‘ ﬁ‘ﬂ°“f°ﬁ‘é65§8’F'iaﬁ‘§E"r(ﬁeqb\/§‘t'f§’r6 ‘(“?0 3L, 5 vol) and
stir Ih. 10 Dry t heAdd BYSOfSS plpmdyatens S irh srom T sins egpltipssusngpiptor d

4- {441 (2 di nmet hySI alf! Aycaeif- Pﬁﬂ )’mezphe(sl]_nrw and wash the solids with a mixture of DMSO (1

fl uoro-3-trifl uor omebddprateqghyelrtydltimes] hutherrvpsibeadiis wihwatr |3 xpiopby | di n- | -yl }

-5, 7-di hydr o- pyr r ohapn@ (33204 InL)pry hept @ k 790 @) Pnehe ponoivyfitkr adffedd@s an of f white
solid (2087.9 g, 98uardk@upoundd@s.S0lo75ckyBh)ata@n HINRH NEB@oSmE DHsoSt ate NVR i's
performed as described, 1inm.okExa ming 7.8 G, 1Hy4-43-7.39 (m, 2H), 6.76 (d, J=7.1 Hz 1H),

{441- (2- D et hyl aam 652Qt highn)-eds- €A of, Iy OleDs, Bn L kd d J-uoruaaBtdoyt, - phenyl) - 1H-

15i rni dazol - 2-yl ] J=6.52,2H), 3.89 (s, 2H), 3.78 (s, 3H), 3.69 (s, 3H) 3.15-3.09 (m, 3H), 2.57 (1, J= 6.6 Hz,

pi peridin-1-y1}-5 z‘nSJb RYPr PY 5 Rbgl 2, 3-d] - pyri m di n-6-one nmonohydrate is
characteri sed by an SNI\/R spectrum conpri sing resonances at 164.9, 150.7,

138.3 and 61.6 ppm

{4-[1-(2-Di et hyl am O} 'ﬁ““i" g th(yzl“(f4 "°'°3mﬂl§r°"fethi’1f}|e"yl) ronetrhy! - pheny1) - 1H-i i d
azol -2- 20yl] pi per VBRI P PRy dPET By Fol of 2, 3- 41] - pyri mi di n- 6- one:
Slurr y mstnﬂuoromethanesulfomc acid:

4-{441- (2- di net hyl ani n6=EesiAy f+(ALG- g pPifiReronet hyl - phenyl) -

1H i m dazol - 2- y| ] (trifluoromethyl)phenyl)-1H-imidazol-2-yl)piperidin-1-yl)-7-(2,4-dimethoxybenzyl)-5H-

pi peri di n-1-y1}-5, 7evehlofiy-dipyomigiydHpdng [ @ e@v: dPe gy PG E-4- one nonohydr at e
(2056 g, |eq) i n3DCNurhedSFlterto)removAighutdes fndledol the(fiffratct HEC. I aaigvie (3O L)et hyl ) - 4-
(4-fluoro-3-trifl uorenebylTyd @.pihetay theseldibdd orsi-Cads@lovedighy [Ahd spicp@r | di n-1 -y1}

-5, 7-di hydro- 25pyr ¢.0l)6erdo dmel ek in B ethindin 6-~20 10and silrdo dnuglet@S Seed t o t he
slurry and heat to reflux for 5h. Cool the reaction to RT, stir for 30
mnutes and filter. Wash the resulting filter cake with DCM (2 x 4.11 L)
and dry the solid under vacuumat 37-42 Cto afford 4-04142-

di nmet hyl am no-ethyl )-4-(4-fluoro-3-trifluoronethyl-phenyl)-1Him dazol - 2-yl
] piperidinl-yl}-5,7-di hydro-pyrrolo[ 2, 3-d]-pyrimdin-6-one (1840 g, 79.18%
yield) as an off white 30 solid. 11-1 NWR (300 MHz, DwVsO): 10.96 (bs, 1H),
8.20 (s, 1H), 8.02-7.98 (m 2H), 7.75 (s, 1H), 7.48-7.41 (m 1H), 4.55-4.47
(m 2H), 4.05 (t, J=6.4 Hz, 2H), 3.75 (s, 2H), 3.34- 3.35 (m 2H),
3.21-3.07 (m 3H), 2.59 (t, J=6.4 Hz, 2H), 2.21 (s, 6H), 1.83-1.73 (m

2H). 106 EXAMPLE 89



4-

{441- (2-D et hyl am no-et hyl )-4-(4-fluoro-3-trifluoronethyl-phenyl)-1Him da
zol - 2- ylwpizpavasa§en- | - y1} -5, 7- di hydr o- pyrrol of 2, 3- d] - py PCRiU$200966390€

hem succi nate 5 Add 2. 5g of

4-{441- (2-di met hyl am no-ethyl )-4-(4-fluoro-3-trifluoronethyl -

phenyl)-1H i m dazol - 2-yl ] pi peridin-1-y1}-5, 7-di hydro-pyrrol o[ 2, 3-d] -pyrimd
in-6-one to a vial. Add 10 nL of 1M succinic acid in nmethanol (excess acid)
and 2 nmL of water. Slurry at anbient tenperature for at |east 1 hour,
remove pink-white slurry and recover 10 solids by vacuum filtration.
Repeatedly rinse solids with alternating portions (-5 nml each) of fresh
acetone, nmethanol and followwith a final rinsing of >100 ni.L (multiple

al i quots) of water. To produce the nonohydrate, slurry the solids in water
at anbient tenperature for at |east 24yhours and dry in anbi ent vacuum oven
overnight. Yield: 92% 15p70 S6 Kinase In Vitro Enzyne Assay Conpound | C50
val ues agai nst p70 S6 Ki nase target are determ ned using the p70 S6
Transcreener Tm Ki nase ADP- FP Assay. This assay assesses the activity of p70
S6 kinase in the priedefeexet-3ChmpEnrdr ntP!BF roiese HyC A& ng t he
concentration of ad@éré/diSere yivipieeprriatfoe’ CinmPyd fiesy ffrche fepiling ki nase reacti on.
The ki nase react i ongspgsps figm tgdreactiond @ deseibed in Pramplej foggthaezyg waghthe per f orned i n
96-wel | hal f-area biloshirkd sgigsiwitstary Ko DOV aix €3 . Sushelen otids nemiterdophosphat e (ATP) i s
added to start the veeaer wmomoM (12/E) didslir fof B &Bitds. Frer @OsIRld sbdwashgihar e 10 m | | i nol ar
N- 2- hydr oxyet hyl - pi per@aLndbM ¢2 318b kad askbhdoni-g-camkwgikdRBS) pH 7.5, 0. 005%
TRITONTmM X- 100, 0. 082addb-b-kifnoHedyipred Nyl @pRG Y eRldligh 5aases | ¢ acid (EGTA), 1
mllinolar dithiot hgyﬁalotz@hppyrmnm kil /iR oALina ARORES, M IGhRb @dsd e, 4 mi cronol ar
substrate 25 pept| A8 59, Fem). W PR 46O lﬁg{sllﬁ{)(?”p(zsomﬁﬁgt@ ase (Human
reconbi nant, 3)0 t?zglsqﬁ) 8114 41%&,1 IHT%%EZ j%mjraa b4, &»ge tagged) 4%
DMSO and seri aI il %_?%Hp ég @%q Xmll Hugl?)qg - ézr(')ooip,(z 000 to

nanonol ar). Follo [.ncubat ed at RT for
60 m nutes and then2H lgozoﬂﬁm ]ﬁ’mt%o dld 'fl 66013? §WCF11 of a quench

detection reagent c@ %?Fn’”‘ﬁlaswﬂrﬁl‘VﬁbHﬁi”’Q’ﬂF)HEPES pH 7.5, 20 mllinolar 30
et hyl enedi ani ne t et r aa&@ePevdsDifpeiorpmeayordersitacippsteliys segfeiPdraschl or i de, 0. 02%
BRJJ. 35TM 10 ug/i BrekpiPf Engery Xapy povistriffpctomgiprauippetigih el seiree ADP Far Red Tracer.
Quenched reactions @rlé056Apdadtnghctforyy andppela@e b Y gd SOapAdvitk dfee read in a Teem

U tra Evol ution pl atiegneaddesctorstis. Tiehdysk|s pdrescnDesalisgprdat | on node usi ng
pol ari zing filters ®h4mma6is, witnelep EABD809 inaBavaakangiofn.s sebdds bet pol ari zati on (nP)
raw data i s convertaeg to m cronolar ADP using a prepared ADP/ ATP standard
curve (Huss et abs DevekQpadalny@hinodhyhhamsmiatnandimlshhase Assay for Protein
Ki nase A and Denonsiuglb-aiipQhin-GBR6aLEaNeS 0l RatdcW.t h a Filter- 5 Binding
Assay Format, Jour n@slmﬂlg;romét%!mg [JBILCQ&HJ c%acte%&b?ﬁ&lrﬂgwdemga&)mpgtgrg 7, 578- 584) The

| C50 val ue for eaChco.%%EBS%H(saqzzéndﬁ LYEf Y B9 14385 € Sbnah I bition data which
i s cal cul ated usi ng, t,,e m cronol ar 'ADP r'eaction data relative to on-plate

controls (active enzy versus 100 m | 1inol ar inhibited enzyme controls).
The percent inhiBition i EMBoi it YBNEaRTeRamdatittati on data is then
fit to a four- par anBt®F s ol Eirtdgineaty b frer-fglrer-mtrry H'YBASE 4. 0 (Assay
Qui dance Manual Ver &{d5e2-glrgeridip 00 8,7-diptrp-pypql 23 ylraimfinGedpany and NI H Cheni cal
Genomi cs Center). istrfluoronfdthenesgigncryy i dhiragrelised yppPONMRdBcweemrritngst ed essential |y
as descri bed above werehceei’es, 504 a0, 1490, brgvse7, 16@300 R ki Oof | ess t han or equal
to 0.3pM Exanpl & 31 was tested essentially as described above and was
found to have an | CoQ-[Db-DibeyRifMhy)-1 oS- rdamaasiphal) 8sinlddat- conpounds of the
present invention afi@ipdddi-y56,7-KikyheSRuio2BHiphimldat-sne midislikte:l N Vi tro Enzyme Assay
Compound | C50 val ues agai nst AKT1 target are determ ned using the AKT1 20
Transcreener Tm | C nase ADP-FP Assay. This assay assesses the activity of
AKT1 in the




presence of conpound inhibitors by measuring the concentration of ADP
formed in a kinase reaction. The |cinase reactions (25 pL reaction vol unes)
are perfovoedioese®8- wel | hal f-area bl ack pol ystyrene pl C@41S2009863020 added
to start the reactions. Final reaction conditions are 56 m|linolar HEPES
pH 7.4,0.008% TRI TONTm X- 100, 5 mllinolar 25 magnesium chloride, 30

m cronol ar Crosstide peptide, 20 m cronolar ATP, hAKT1 Human Reconbi ant,

V- AKT Murine Thynmoma Viral Oncogene Honol og 1, histidinetagged, expressed
in insect cells, 4% DVSO and serial dilutions of conpound (diluted 1:3 from
20,000 to 1 nanonol ar). Follow ng ATP addition, the reactions are incubated
at RT for 60 mnutes and then quenched with the addition of 25 1.t1.. of a
guench detection 30 reagent containing 52 mllinolar HEPES pH 7.5, 20

m | linmolar EDTA, 0.4 nolar sodiumchloride, 0.02%BRIJ-35Tm 10
mcrogramimlliliter anti-ADP anti bodyys and 4 nanonol ar ADP Far Red Tracer.
Quenched reactions are incubated for 4-16 hours, and then read in a 108
Tecan U tra Evolution plate reader in Fluorescence Pol arization node using
pol arizing filters of Ex612"", and EM633n. wavel ength. MIIlipol arization
(nP) raw data is convePte 4l APEY BIEFEP-+-AfPrd gy predbar ed ADP/ ATP

st andard curve (HusYigfazoldyll ripedipd iytyp hripidro-ryfolo@3-dhrimdiet-@ener Tm Ki nase Assay
for Protein Kinase #iflwdm®ersgirsteridt0fiert-2 ofl. | @wt ord@fee V8. 6fd Data with a

Fi | ter-Bi ndi ng Assaj kgsonsaddivm hderideretitiongf014B30 abhaaudharT @&+ Beni ng, 12(4);

2007, 578-584). Theadd @B6quaad seiem hydbxide@igian (836 B0.0e4 w6k siir $h gier-loyed usi ng per cent

i nhi bition data whi g e &sumkigy nab A itsaiepsl Ra). Bikpek BdmkalwaADP reacti on data
relative to on-pl at @:eobiyaelss 1n( Bt e VeQutiIdny B8 wadiBhiSwhe: (@dddQ 1489, | | 1 ol ar

inhi bited enzyne COQtL.0hSdicsinWAE QREL SoHha shir Ik bd QUi ARE aks€N- POi Nt conpound
concentration data |, “thx%}mokﬂ 1v$1)0s1.§]>enﬁQéJsElldMa@rE@§@§von3}QdJurQ9' stic equation

usi ng ACTI VI TYBA§E ]§' esc(lldsun% yé%mat %E?o T 4'{4@} (2y ethsl!ang)ng I)Q(4 2008, Hi Lill y

and Conpany and N H, -al ) S Lent er mwane exenplified
conpounds wer e tested°?tmu° nELa T’qm{ T 55? ddlélgﬂdhydr were found to have

nd
| C50 val ues of |ess™HaR 6’?’“’""“‘ i PR B AN RSl ZPW%% Ras tested
essentially as describef® °<'i‘bs(5*\ng§n8 Sk S e AYE*Sh 1050 of 0. 006pM
Thi s 15 denonst r at e PR+ {¢Briurieroty - Hetpr- ssemepyRiemt fon are AKT1

i nhi bitors. Al ph&ScirigetZ-grirei- i -SDdvderiii- dirvrifosphomiidated S6 Ri bosonal
Protei n (S240/ 244) atheketpkrdly ot fOFNH spettomlco@BHR Psofa8 jt 1444, 108 TWS Cel | s The ef fect
of conpounds on themddsmeti on of endogenous phosphorylated S6 20 ri bosomal
protein serine 240/ 244 (pS6) and phosphoryl ated GSK3r3 serine 9 (pGSK3l 3)
are neasur ed usi ng 4@ AbiphasSab-aiend-@tcoEtitrohday-peiyl-ahidps6 ( TER

Bi osci ences, TGREOPAFI&LN) 105, MRS AR T GRRRARYG):. - . This is a honpgeneous
assay format using i mmmg;@qﬂg%&gmﬁ@mymgﬂgfo shsonbaseher yl ated anal yte
foll owed by det ectlgﬂmlhg;g,[ yaﬂg(gppgrg eAhphascEsen beads to generate
an anplified signal mm%}!é:gg q?j g7eL rm; p ﬁl({l mmylammoUﬁ MG growt h nedi um

consi sting of DVEM It el al.. I erum (FBS), 1%
(§H,PP B 5&1 (%i p?if'd 45 ‘\'2(5) ‘?‘F%e assay, cells are

Nonessential anino aclds" um(‘:’lme%
harvest ed by standa‘fyd’bg g@ﬁﬂ’lﬂ’”%”e&“&)"fﬁé o “"’haf'dhﬁt‘%ﬂ“"fﬁs'\f Cell. Cells

(50, 000/ wel 1) are pfafegioHe Too B om=ye *U8rMEH-ah e Hedi-tih i nto Costar
#3596 96 wel | plat e%CM(’Pt“df'éé“d%‘?s‘lhﬁ‘ﬁ‘?ﬁ‘b’éﬂ"é‘d‘%“?é:r‘mﬁ@j‘?ﬂ“Ht(z 37C, 5% 30 C2.

109 On t he daydigshylamppgethysdfuoro-gigifluprametyyl-ghenyll-WAmideedl-2pnf] pidgridP0 4/ wel | conpound
diluted in media cobtidiTdiery82DNB@midAfor (1849 & FPaty vicldtas BFhitet he medi um i s
renoved and 501AB0 oflidSHINEF{3EMHE PEICS 1Bea 4 &b, 8 L0 TECR), BRogehendes SureFire 0 Kit
conmponent) is addeds el dm, 1@806ss4 oo Datoon-6omt Hnted, 288 33RT for 10 m nutes
w th gentl e shaki ng:ssdhean, bysatw 3658 #)p4 B 51, bnaraf epsa.8c, b0 a 384 wel |

Proxi Platirm (Perkin El mer #6006280). For the pS6 assay, a m xture
containing 1.3 4 activation buffer, 0.15 4 each donor and acceptor beads
(Perkin Elnmer Al phaScreen 1gG detection Kit 6760617R) and 8.3 4 Reaction
Buffer for pS6 detection (TGR Bi osci ences, TGRS6P2S10K) is added to each
wel | . For the pGSK313 assay, a m xture containing 0.961AL activation
buffer, 0.191AL each donor and 10 acceptor beads, and 8.74 Reaction Buffer
for pGSK3P assay (TGR Biosciences, TGRGBS10K) is added to each well. The
plate is sealed with foil, incubated at RT for 4 hours with gentle shaking
and then read on Perkin El mer EnVision equipped with a TurboMdul e using
standard Al phaScreene settings (Ex680,.. and Enb20-620.0. The percent
inhibition determined fromcontrols on each plate and ten-point conpound
15concentration data are then fit to a four-paraneter |ogistic equation
usi ng ACTIVITYBASE 4.0 (Assay Guidance Manual Version 5.0, 2008, Eli Lilly
and Conpany and NIH Chem cal Genomics Center).




The follow ng conmpound was tested essentially as descri bed above and was
found to have the followng activity: EXAMPLE pS6 - | Cso(pM pGSK313-

| Cso( Pl MwWB200/B36%30. 331 20 Thi s denonstrat es t hePabituszaog/065020
conmpounds of the present invention to inhibit p70 S6 activity and AKT
activity. Cell Proliferation Assay 25The proliferation assay uses the
CellTiter-A@ o Lum nescent Cell Viability Assay System (comercially

avai l able from Pronmega) to determ ne the cell nunber of viable cells in
culture based on quantitation of the ATP present, which signals the
presence of netabolically active cells. 110 The cells are plated in
96-wel |l plate at 2000 cells /well in volunme of 50p.L nedium (DVEM 10% FBS,
25 mM HEPES, 1.0 ni M Sodi um Pyruvate, and 0.1 ni M Non Essential Am no

Aci ds) except colum 1 with nmediumonly as blank control. The plates are
i ncubat ed overnight at 37C and 5%CQ2. (§h the next day, conpound stocks 5
are prepared at 40 MM in DVSO (500X) and serially diluted in DMSO in a
96-wel I round bottom pol ypropyl ene pl ate. Conpounds are assayed at 10
concentrations in duplicate, 4 conmpounds per plate. 44 of the serial
DMSO dilutions are transferred to a 96 deep-well plate and I nL conplete
culture nediumis added to create 2X*&¥%ER for dosing. 504 of each 2X
dosi ng 10stock is géll-§-Dimptiylaifoatbe ¢i-fluay-tuffleorometykpbey draidmg-2wel | of the cel |
plate resulting in a OIEGdBNVBO. onicentirlatd-onmidricradenls@Odef | nal vol une. 50
niL medium are added to the Control colums (Colum 12) and background
colums (Col um 1). Celadd3 s@aresiiivcadaatanich--mitdu-Gaspaungedyor at 37C, 5% CO2
for 72 hr. After i ngubAkinRol 2l 1-Iy-0fintb8mS-aps apased «Cel | Titer-G o
reagent (Pr onega, C@Jtal- A&%&Zﬁﬂll)ccﬂlc%mdmg&dol&x@ess@@&iﬂdmlo}wat@nd then the cells

are honogeni zed by mn;qtﬂg,motanpmam%cmtatwsrmﬁh$1g£1mgmmmd incubated at RT
for 10 m nutes to, al | | u cent n. Lum nescent raw

data i s recorded onsvsgbﬁm"%m? epevny'] fﬁJst'aalgmk;‘fg’%ﬁ"skﬁ | Cso val ue for
each conpound is geR&ratagy em??‘a""la drf"g S 'Pl"h""%"igfl 1(3’?1”&3‘{1“5“ A four - par anet er
| ogi stic curve is f1“‘!“"‘??5“’%%5?\”‘?5‘5%‘@“‘?‘8"% e e PHEHES BIP'Bhi ng compound was
tested in the foll offeftyedet it hﬁ‘t%“dé%‘é‘é’i“if‘l‘ BV A S HESERS Béd above: EXAMPLE

A2780 H1155 OPM 2
15 P70 S6 Kinase In Vitro Enzyme Assay

Compound ICsy values against p70 S6 Kinase target are determined using the

p70 S6 Transcreener™ Kinase ADP-FP Assay. This assay assesses the activity of p70 S6
kinase in the presence of compound inhibitors by measuring the concentration of
adenosine diphosphate (ADP) formed in a kinase reaction. The kinase reactions (25 pL

20  reaction volumes) are performed in 96-well half-area black polystyrene plates.
Adenosine triphosphate (ATP) is added to start the reactions. Final reaction conditions
are 10 millimolar N-2-hydroxyethyl-piperazine-N’-2-ethanesulfonic acid (HEPES) pH
7.5, 0.005% TRITON™ X-100, 0.082 millimolar ethyleneglycol tetraacetic acid (EGTA),
1 millimolar dithiothreitol, 10 millimolar magnesium chloride, 4 micromolar substrate

25  peptide, 25 micromolar ATP, active p70 S6 Kinase (Human recombinant, amino acids
1-421, T412E, N-terminal histidine-tagged), 4% DMSO and serial dilutions of compound
(diluted 1:3 from 20,000 to 1 nanomolar). Following ATP addition, the reactions are
incubated at RT for 60 minutes and then quenched with the addition of 25 pL of a quench
detection reagent containing 52 millimolar HEPES pH 7.5, 20 millimolar

30  ethylenediamine tetraacetic acid (EDTA), 0.4 molar sodium chloride, 0.02% BRIJ-35™,
10 pg/mL anti-ADP antibody, and 4 nanomolar ADP Far Red Tracer. Quenched reactions

are incubated for 4-16 hours, and then read in a Tecan Ultra Evolution plate reader in



US7MG BT474 1Cso (PM 1Cso (PM 1050 (11M 1050 (PM 1Cso (PM 45 5.9 4.9
2.3 >10 7.9 EXAWPLE HCT116 ICs o (PM PC3 ICso (PM H69 I1Cso (PM 69AR
| Cso (PMwWo26r0s63630 (PM 45 7.5 6.2 6.3 PCT/US2009/063020
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Fluorescence Polarization mode using polarizing filters of Exs)2.um and Emgsznm
wavelength. Millipolarization (mP) raw data is converted to micromolar ADP using a
prepared ADP/ATP standard curve (Huss ef al, Development of a Transcreener™ Kinase
Assay for Protein Kinase A and Demonstration of Concordance of Data with a Filter-

5 Binding Assay Format, Journal of Biomolecular Screening, 12(4);2007, 578-584). The
ICso value for each compound is derived using percent inhibition data which is calculated
using the micromolar ADP reaction data relative to on-plate controls (active enzyme
versus 100 millimolar inhibited enzyme controls). The percent inhibition and ten-point
compound concentration data is then fit to a four-parameter logistic equation using

10 ACTIVITYBASE 4.0 (4ssay Guidance Manual Version 5.0, 2008, Eli Lilly and
Company and NIH Chemical Genomics Center).

The exemplified compounds were tested essentially as described above and were
found to have ICsg values of less than or equal to 0.3uM. Example 31 was tested
essentially as described above and was found to have an ICsp of 0.007uM.

15 This demonstrates that compounds of the present invention are p70 S$6 kinase
inhibitors.

AKT1 In Vitro Enzyme Assay
Compound ICsy values against AKT]1 target are determined using the AKT1

20  Transcreener™ Kinase ADP-FP Assay. This assay assesses the activity of AKTI in the
presence of compound inhibitors by measuring the concentration of ADP formed in a
kinase reaction. The kinase reactions (25 pL reaction volumes) are performed in 96-well
half-area black polystyrene plates. ATP is added to start the reactions. Final reaction
conditions are 56 millimolar HEPES pH 7.4, 0.008% TRITON™ X-100, 5 millimolar

25  magnesium chloride, 30 micromolar Crosstide peptide, 20 micromolar ATP, hAKT1
Human Recombiant, V-AKT Murine Thymoma Viral Oncogene Homolog 1, histidine-
tagged, expressed in insect cells, 4% DMSO and serial dilutions of compound (diluted 1:3
from 20,000 to 1 nanomolar). Following ATP addition, the reactions are incubated at RT
for 60 minutes and then quenched with the addition of 25 pL of a quench detection

30  reagent containing 52 millimolar HEPES pH 7.5, 20 millimolar EDTA, 0.4 molar sodium
chloride, 0.02% BRIJ-35™, 10 microgram/milliliter anti-ADP antibody, and 4 nanomolar

ADP Far Red Tracer. Quenched reactions are incubated for 4-16 hours, and then read in a



9.4 3.4 Thi s indicates that conpounds of the present invention
are useful in inhibiting the 25 proliferation of these cell lines via a
mechani srwOrow/os63sg p70 S6 ki nase and/ or AKT. 111 ConbiPaaitiSoeno863ede es:
The conbi nation studies use the fixed ratio nmethod, where the conpound of
the present invention and the other therapeutic agent are present in fixed
rati os of 5 concentrations corresponding to the | C50 equival ents of single
agents. The readout for the conbination studies is cell proliferation in
respective cell lines using Cell Titer o reagents. Controls are processed
simlarly but without the conpound of the present invention or the other
t herapeutic agent. Analysis of the data is done according to the nethod
described in Zhao et. al., Cdinical Cancer Research, 10, 7994-8004 (2004)
10 utilizing a web based tool. A conbination index is calculated for a
range of cell proliferation inhibitiopgactivity |evels according to the
equation bel ow. Conbination Index at activity level x = [ Concentration of
ot her therapeutic agent in the conbination at the activity level x/1Cx of
15 the other therapeutic agent] + [Concentration of the conpound of the
present invention iﬁ“fW?E&%ﬁ%ﬂﬁﬁ%ﬁﬂﬁ“ﬁ?“*ﬂ@“ﬁ%?FW*F?”ﬂ@@@l x/ 1 Cx of the
conpound of the pr e Exmpfnge jvelamgy MititolgizjtiengmP) @ygapk waeedh | ndex val ues at
50% i nhi bi ti on ar e wumaiErPre: 2 rebrgWDP/ R AR Frv IR, THERARBUTI C AGENT CELL
LI NE COVBI NATI ON | NDEeXcrAkmSG94s hddirfoBBlotfih OidseQ 5P GONFlioDEREterdinTERVAL 45
Rap a rTy C | n CAKl -1 50 . «3 Bata with a Filter-Binding Assay Format, Journal of Biomolecular Screening, 12(4);

2007, 578-584). The ICsq value for each compound is derived using percent inhibition

data which is calculated using the micromolar ADP reaction data relative to on-plate

controls (active enzyme versus 100 millimolar inhibited enzyme controls). The percent

inhibition and ten-point compound concentration data is then fit to a four-parameter

10 logistic equation using ACTIVITYBASE 4.0 (4ssay Guidance Manual Version 5.0, 2008,
Eli Lilly and Company and NIH Chemical Genomics Center).
The exemplified compounds were tested essentially as described above and were
found to have ICsg values of less than or equal to 0.3uM. Example 31 was tested
essentially as described above and was found to have an ICsp of 0.006uM. This

15  demonstrates that compounds of the present invention are AKT] inhibitors.

AlphaScreen SureFire Detection of phosphorylated S6 Ribosomal Protein (S240/244)
and phosphorylated GSK3p (59) in U87MG Cells
The effect of compounds on the formation of endogenous phosphorylated S6

20  ribosomal protein serine 240/244 (pS6) and phosphorylated GSK3p serine 9 (pGSK3p)
are measured using the AlphaScreen SureFire ® for either pS6 (TGR Biosciences,
TGRS6P2S10K) or pGSK3 ﬁ(TGRGBSlOK): This is a homogeneous assay format using
immuno-sandwich capture of the phosphorylated analyte followed by detection using
antibody-coated Alphascreen beads to generate an amplified signal.

25 U87MG cells are maintained in U87MG growth medium consisting of DMEM
supplemented with 10% Fetal bovine serum (FBS), 1% Nonessential amino acids and 1%
sodium pyruvate. For the assay, cells are harvested by standard procedures and then
counted using Vi-Cell. Cells (50,000/well) are plated in 100 pL of US7MG growth
medium into Costar #3596 96 well plates. Plates are incubated overnight at 37°C, 5%

30 CO..



0. 096-0. 97 45 Rapanycin ACHN 0.12 0.029-0.50 45 Rapanycin 786-0 0.41
0.23-0.79 45 Erlotinib H1155 0.43 0.32-0.55 45 Gentitabi ne H1155 0. 87
0. 72-1. 03wo200/Bmeat i n H1L155 0. 58 0.48-0. 69 45 Erl oti ni pCTalSa@®9063000
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On the day of the assay, cells are treated with 20 uL/well compound diluted in
media containing 6% DMSO. After 1 hour at 37°C, the medium is removed and 50 pL of
SureFire Lysis Buffer (TGR Biosciences SureFire ® Kit component) is added per well
and incubation continued at RT for 10 minutes with gentle shaking. The lysate (6.0 pL)

5 s transferred to a 384 well ProxiPlate™ (Perkin Elmer #6006280). For the pS6 assay, a
mixture containing 1.3 pL activation buffer, 0.15 pL each donor and acceptor beads
(Perkin Elmer AlphaScreen IgG detection Kit 6760617R) and 8.3 pL Reaction Buffer for
pS6 detection (TGR Biosciences, TGRS6P2510K) is added to each well. For the
pGSK3p assay, a mixture containing 0.96 pL activation buffer, 0.19 pL each donor and

10 acceptor beads, and 8.7uL Reaction Buffer for pGSK3p assay (TGR Biosciences,
TGRGBS10K) is added to each well. The plate is sealed with foil, incubated at RT for 4
hours with gentle shaking and then read on Perkin Elmer EnVision equipped with a
TurboModule using standard AlphaScreen® settings (Exs30um and Ems2o.620am). The
percent inhibition determined from controls on each plate and ten-point compound

15 concentration data are then fit to a four-parameter logistic equation using
ACTIVITYBASE 4.0 (4ssay Guidance Manual Version 5.0, 2008, Eli Lilly and
Company and NIH Chemical Genomics Center).

The following compound was tested essentially as described above and was found

to have the following activity:

EXAMPLE pS6 - ICso(uM) pGSK3 - ICs(pM)
31 0.065 0.331
20
This demonstrates the ability of compounds of the present invention to inhibit p70
S6 activity and AKT activity.
Cell Proliferation Assay
25 The proliferation assay uses the CellTiter-Glo Luminescent Cell Viability Assay

System (commercially available from Promega) to determine the cell number of viable
cells in culture based on quantitation of the ATP present, which signals the presence of

metabolically active cells.



0.074-.014 45 Cisplatin Calu6 0.57 044-0.73 45 Gentitabine Calu6 1.13
0.58-2.14 45 TasisulamCalu6 1.19 0.83-1.69 112 45 Penetrexed Cal u6 1. 96
0. 99-6. 6 wWoRPAIIBexed Calub 0.91 0.67-1.21 45 Docet ax®CT/US2009/063020
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The cells are plated in 96-well plate at 2000 cells /well in volume of S0uL
medium (DMEM, 10% FBS, 25 mM HEPES, 1.0 mM Sodium Pyruvate, and 0.1 mM
Non Essential Amino Acids) except column | with medium only as blank control. The
plates are incubated overnight at 37°C and 5%CO,. On the next day, compound stocks
5  are prepared at 40 mM in DMSO (500X) and serially diluted in DMSO in a 96-well round
bottom polypropylene plate. Compounds are assayed at 10 concentrations in duplicate, 4
compounds per plate.
4uL of the serial DMSO dilutions are transferred to a 96 deep-well plate and ImL
complete culture medium is added to create 2X stock for dosing. S0uL of each 2X dosing
10 stock is gently transferred to the corresponding well of the cell plate resulting in a 0.2%
DMSO concentration and a 100uL final volume. 50 mL medium are added to the Control
columns (Column 12) and background columns (Column 1). Cells are incubated with
compound for at 37°C, 5% CO, for 72 hr.
After incubation, 100pL of the pre-prepared CellTiter-Glo reagent (Promega, Cat:
15 G7571) is added in each well and then the cells are homogenized by mixing on an orbital
shaker for 2 min and incubated at RT for 10 minutes to allow luminescent signal
stabilization. Luminescent raw data is recorded on Wallac Victor V plate reader and the
ICso value for each compound is generated using percent inhibition data. A four-
parameter logistic curve is fit to each dose response.
20 The following compound was tested in the following cell lines essentially as

described above:

EXAMPLE A2780 H1155 OPM-2 US7TMG BT474
IC(uM) | ICs(uM) | ICs(mM) | ICso(uM) | ICso(nM)
45 59 49 23 >10 79
EXAMPLE HCT116 PC3 H69 69AR 786-0
ICso(uM) | ICso(uM) | ICso(uM) | ICso(uM) | ICso(uM)
45 7.5 6.2 6.3 94 34

This indicates that compounds of the present invention are useful in inhibiting the

25  proliferation of these cell lines via a mechanism involving p70 S6 kinase and/or AKT.



Calu6 0.94 0.67-1.32 45 Penetrexed NCI H460 0.97 0.65-1.45 45 Cisplatin
NCl H460 0.56 0.48-0.67 45 Docet axel NCI H460 0.67 0.61-0.73 45 Gentit abi ne
NCl H460 OWB@01/086568. 97 45 Erl otinib NOH460 0. 38 0. 34- 0. 28TAB2@98p3024 | N
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Combination Studies:

The combination studies use the fixed ratio method, where the compound of the
present invention and the other therapeutic agent are present in fixed ratios of
concentrations corresponding to the IC50 equivalents of single agents. The readout for
the combination studies is cell proliferation in respective cell lines using Cell Titer Glo
reagents. Controls are processed similarly but without the compound of the present
ivention or the other therapeutic agent. Analysis of the data is done according to the
method described in Zhao er. al., Clinical Cancer Research, 10, 7994-8004 (2004)
utilizing a web based tool. A combination index is calculated for a range of cell

proliferation inhibition activity levels according to the equation below.

Combination Index at activity level x =
[Concentration of other therapeutic agent in the combination at the activity level x/ICx of
the other therapeutic agent] + [Concentration of the compound of the present invention in

the combination at the activity level x/ICx of the compound of the present invention]

For clarity, Combination index values at 50% inhibition are summarized below.

EXAMPLE OTHER CELL COMBINATION 95%
THERAPEUTIC LINE INDEX AT 50% | CONFIDENCE
AGENT INHIBITION INTERVAL
45 Rapamycin CAKI-1 033 0.096-0.97
45 Rapamycin ACHN 0.12 0.029-0.50
45 Rapamycin 786-0 0.41 0.23-0.79
45 Erlotinib H1155 043 0.32-0.55
45 Gemcitabine H1155 0.87 0.72-1.03
45 Cisplatin H1155 0.58 0.48-0.69
45 Erlotinib Calué 0.10 0.074-.014
45 Cisplatin Calué 0.57 0.44-0.73
45 Gemgitabine Calué 1.13 0.58-2.14
45 Tasisulam Calué 1.19 0.83-1.69




A2780 1.04 0.75-1.46 45 Cisplatin A2780 0.64 0.50-0.83 45 Doxor ubi ci n. HC1
A2780 0.65 0.51-0.84 45 Doxorubicin. HC1 A2780 0.96 0.61-1.60 45 Cetuxi nab
HCT116 2.W0 2010286364. 72 45 |rinotecan HCT116 0.82 0. 58- 1pCH/USDev@sIvRMat i on
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45 Pemetrexed Calu6 1.96 0.99-6.67
45 Pemetrexed Calué 0.91 0.67-1.21
45 Docetaxel Calu6 0.94 0.67-1.32
45 Pemetrexed NCIH460 0.97 0.65-1.45
45 Cisplatin NCIH460 0.56 0.48-0.67
45 Docetaxel NCIH460 0.67 0.61-0.73
45 Gemcitabine NCIH460 0.86 0.76-0.97
45 Erlotinib NCIH460 0.38 0.34-0.43
45 Cisplatin A2780 1.04 0.75-1.46
45 Cisplatin A2780 0.64 0.50-0.83
45 Doxorubicin. HC1 A2780 0.65 0.51-0.84
45 Doxorubicin. HC1 A2780 0.96 0.61-1.60
45 Cetuximab HCTI116 2.02 0.23-14.72
45 Irinotecan HCTI116 0.82 0.58-1.15

Determination of p70 S6K/AKT In Vive Target Inhibition
U87MG human glioblastoma cells (5 x 10s) are subcutaneously implanted into the
flank of athymic nude mice in 0.2 mL of matrigel. Two weeks post-implantation, mice
5  are dosed orally or parenterally according to a time course, single dose/single time point,
or dose response protocol for the determination of TMEDs; (threshold minimum effective
dose). Tumors are flash frozen at harvest and blood is collected for the determination of
parent compound plasma exposure and the calculation of TMECs (threshold minimum
effective concentration) in the case of dose response studies. Tumors or tissues are
10  pulverized in liquid N; and lysed in 400 pL of XY Lysis Buffer (10 pg/mL Leupeptin, 10
ng/mL Trypsin-Chymotrypsin Inhibitor, 10 pg/mlL Tosyl phenyl-alanyl chloromethyl
ketone, 10 pg/mL Aprotinin, 60 mM Beta-Glycerol Phosphate, 1% Triton X100, 25 mM
Tris pH 7.5, 2.5 mM Pyrophosphate, 150 mM NaCl, 2 mM p-tosyl-L-arginine methyl
ester, 15 mM para-nitrophenyl phosphate, 5 mM Benzamidine, | mM Na Vanadate, 10
15 mM NaF, 50 pg/mL phenyl-methane sulfonyl fluoride, 1 mM 1,4-Dithiothreitol (DTT),
15 mM EDTA pH 8.0, 5 mM EGTA pH 8.0, 1 pM Microcystin, 1 pM Okadaic Acid, and
1 Roche Complete protease inhibitor mini-tablet per 10 mL) using Lysing Matrix D tubes



U87MG human gl ioblastoma cells (5 x 106) are subcutaneously inplanted into
the flank of athymc nude mce in 0.2 nL of matrigel. Two weeks

post - i nplaiotatwmese3m ce 5 are dosed orally or parent eralPCy/ise@ondiong to a
time course, single dose/single time point, or dose response protocol for
the determ nation of TMED50 (threshold m ninumeffective dose). Tunors are
flash frozen at harvest and blood is collected for the determ nation of
parent conpound pl asna exposure and the cal cul ati on of TMEC50 (threshold
m ni nrum ef fective concentration) in the case of dose response studies.
Tunors or tissues are 10 pulverized in liquid N2 and |lysed in 4004 of XY
Lysis Buffer (10 j.tg/ nmL Leupeptin, 10 pg/nL Tiypsin-Chynotrypsin

I nhibitor, 10 i.ig/nL Tosyl phenyl-alanyl chloronethyl ketone, 10 tig/nL
Aprotinin, 60 nmM Beta-d ycerol Phosphate, 1% Triton X100, 25 nM Tris pH
7.5, 2.5 inM Pyrophosphate, 150 mM Naglk, 2 inM p-tosyl-L-arginine nethyl
ester, 15 nM para-nitrophenyl phosphate, 5 inM Benzam dine, 1 inM Na
Vanadate, 10 15 mM NaF, 50 1.1g/nL phenyl -nmethane sul fonyl fluoride, 1 niM
1,4-Dithiothreitol (DIT), 15 mM EDTA ?H 8.0, 5 ™M EGTA pH 8.0, 1 jiM

M crocystin, 1 AM Biafpeicalngqlog OH.51(%11: "Pid'ti‘h@‘)@ﬂﬁ?“’éf"é”m"gipease i nhi bitor

m ni -tabl et per 10 12 Lyspsi asgiatoigdepdsier iy seedimrely quipesda 0{Q g P B onedi cal s,
Sol on, OH, cat# 691®tBEJOYivodyed dibiRdh 10 6K T K FrpmeBasdatititing MgstcalPr ep FP 12.
Lysat es are al i quot Bdovayitaiteistuda ®D) FASS ayedzy opnvesdieatoethyrhgyigtOr ed at - 80C for
| ater testing. | \Vihes@nebangak ofthnidaidsicdm eferor fRP. PilckbhBBin &rpmd AKT i s neasur ed
utilizing Meso Scal @k{isSeRvety anf Esrbpish@hisRsbes@usinhi) rechkibeda t €Chnol ogy to
assess effects on phasERALYL &LbhQbo oﬂémt,med%%&mm&%%&% ssite of the

downst ream ef f ect or  30RP, . Ph o 1 S 0k 39)., AKT(S473) and
GSK313(S9) is also agggsﬁs pﬂggllfﬂh@p p%t E:E ﬁpd £ e ol ?tl plex format. In

summary, 201. 1g o lysa at. ,arf sema d etecrlmf’:nar ﬂlgay?gwq%méﬁnt ai ning 96- well
pl ates pre-spotted Vi °{°°ﬁ the °'"°S°“°°°'° agtm“ mn U E“Sht '66d es. The protein of
interest is probed ?Pl‘f‘lg“’ﬁ""?‘fﬂ“ ‘éﬁ?%ﬁfﬁ‘f‘?‘é’ﬁ'@’?‘ﬁlﬁh SR PURO%At | body. Upon t he
passage of current B IOPHECRMERPORE P {1 HEIPEOBALE G r ead buf fer

cont ai ni ng the co- re#itedtehifpamrol gpupad ANGYA s fefrretresde®e results in the
generation of | i ght sofslar eékaet for thedeminitifnjofsehistyghgnificencor ded usi ng t he MSD Sect or
6000 i nstrument. I5For e&ehpledtvaessted epataiyeyiibscribed kppvbinth¢ iomg gt € cal cul at ed
relative to the vehiplie agml v0lundys Bype BRGnANGYA anal ysis is performed using
the JMP software packfge TOf the [dms:ap (i goaie) ORsHisk pL@akt SsE i cal significance.
15Exanpl e 31 was test pd’ BEseAti™l || ys.as |desar il bgdwabewe s h the in-vivo
target inhibition assay™ehd| Yoo qumgon q,h,l;;@oye ohies T QlidegM Ng activity: IV
Dose (rrpk) Post |V [b‘e]:_ishr pl( \.)LH-U192\.)L 773/UI ||h'&4‘3i |Qia P T389) p70 - %

U‘

i nhibition p(S9)GSK 3E35Y-+HrhbieonpAKHS443——-%
12.5 4 94.9 76.1 20.5 -19.2
12.5 6 91.7 76.1 51.7 -26.3
12.5 8 96.4 70.7 20.1 -94
12.5 24 45.0 61.6 6.0 22,6

This demonstrates the ability of compounds of the present invention to inhibit p70
S6 kinase and AKT in vivo.
20
HERG Assay



inhibition 12.5 1 79.2 77.3 48.4 4.0 12.5 2 87.6 76.1 12.6 -22.3 12.5 4
94.9 76.1 20.5 -19.2 12.5 6 91.7 76.1 51.7 -26.3 12.5 8 96.4 70.7 20.1
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Evaluation of the affinity of compounds for the human HERG K' channel in
transfected HEK-293 cells is determined in a radioligand binding assay. Cell membrane
homogenates (40 pg protein) are incubated for 75 min at 22°C with 2 nM [*H]astemizole
in the absence or presence of the test compound in a buffer containing 50 mM

5  Tris-HCI1 (pH 7.4), 10 mM KCl, 1.2 mM MgCl, and 0.1% Bovine serum albumin (BSA).
Nonspecific binding is determined in the presence of 10 pM astemizole. Following
incubation, the samples are filtered rapidly under vacuum through glass fiber filters
(GF/B, Packard) presoaked with 0.3% PEI and rinsed several times with ice-cold 50 mM
Tris-HCl using a 96-sample cell harvester (Unifilter, Packard). The filters are dried then

10 counted for radioactivity in a scintillation counter (Topcount, Packard) using a
scintillation cocktail (Microscint 0, Packard). The results are expressed as a percent
inhibition of the control radioligand specific binding. The standard reference compound is
astemizole, which is tested in each experiment at several concentrations to obtain a
competition curve from which its ICsy is calculated. (Finalayson ez al, [*Hldofetilide

15  binding in SHSY5Y and HEK293 cells expressing a HERG-like K™ channels, Eur. J.
Pharmacol., 412: 203 (2001)).

Example 37 was tested essentially as described above and was found to have an
ICsoof 13.9uM.

Preferred compounds of the present invention have low hERG activity.

20
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which its 1C50 is calculated. (Fi nala son et{ al, [3H]clofetilide 15 binding
in SHSYS5Y and HEK293 cel|ls expresst ng“ HéRCxI [ ke K+ channel s, Eur. J.

Phar macol ., 412: 203 (2001)). h " 37 was tested essentially as
descri bed above and was found to have an 0 of 13.9gM Preferred
conpounds of the present invention have Iow }ERG activity. 20 115 WE
CLAIM A conmpound of the fffnula: N---, ~s*/ R r NV R
l\ [L \)xu
N *~;
5 wherein:

Xis F, CLCFy, ONor H;

YisF, Hor Cl

R' and R” are independently H, €y ~ Cy alkvl or CHCHLOH: or R and RY
together with the mitrogen atom to which they are attached form a pyrrolidine ring
opttonally substituted with hydroxvmethyl at the 2-position or hivdroxy at the 3-

position, or an azetidine ring substitoted with hvdroxy at the 3-position;

-
1Ay

R is Hor OH:

R is H; or R® and R” together with the witrogen atom to which R? is attached form
a pipendine ring;

20
R’ and R® ave independently H or CHz or R and R together with the nitrogen

atomt to which R’ is attached form a pyrrolidine ving;



- wherein: Xis FCLCFCN or H F, Hor C; , R and R - are independently H,
& - &4 alkyl or CHCkOH or Rand R 2'. together with the nitrogen atom
t o whi ch wbeyieseseat t ached forma pyrrolidine ring opti @calusgomobeet ut ed
wi th hydroxymethyl at the 2-position or hydroxy at the 3- position, or an
azetidine ring substituted with hydroxy at the 3-poson; 5 is Hor Ot R
is H or R" and R2 together with the nitrogen atomto Wich R2 is attached
forma piperidine ring.; R7 and R arfgi ndependently H or CH 3; or R7and R
together with the nitrogen atomto which Ris attached forma pyrrolidine
ring; 116 Ws CR4AR5, NR', CO or 0-CH R9; R4 and | e are independently
CU or Cl-14.113; .R4 \ gthr sh the carbon atomto which they are
attached forma gyblﬁgﬁ)\gngg{n 8%%"\%% of R4 or 5R kbenzyl and the other
is H RO is 2-thiazolyl, 4- pyrl dyI 2-met hyl - 4-thi azolyl 2i ndazolyl,

5-thiazolyl, or 4« o rmaceutically
acceptabl e salt %}dg%)fmzmé%ﬁg“ggﬂﬁ (dhdm &6@.%@(# © ‘It}éh‘ P ‘or a

phar maceuti cal | yuamﬁep:hmtml whigahty drbhaneladl fornhaneiopentans rikig; o BneTHFe’ @onpound
according to cl alR r. a pharmaceutically accept abl e salt

t her eof , "wherei n™ X 4. The conpound aceording to
any one of clains | to 3, or a pl aamreeutl caI |y accept abl e salt thereof,

wherein Wis CR | . to claim4, or a
phar maceutical | y a‘émé‘t”é%’li B¢ ﬁ‘é‘%@%ﬁ 2? m%zfe ﬂg"ﬂ%‘“g}l’é"m

i ndependent |y H onidGdkvi;andor R4 and RS together with the carbon atomto

whi ch they are attached form a cyel opentane ring. 6. The conpound
aceording to any CMC of clainms | to 3, or a pharmaceutically acceptable
salt theroeof, wh&r'ei A oWi-6: MR or a pharmacenBiealTheccpaipeanderagicor di ng to any
one of claims 1 to 3; or a phar maceutical ly acceptable salt thereof, whereM
Wis 30

15 jﬁg? :{\ h?ﬂdalbr_néhi,r 83

2. The compound according o claim 1, or a pharmaceuticatly acceptable salt

thereof, wherein Y is F.

i3 3. The compound according to clatm 1 or ¢lamm 2, or a pharmaceuntically
acceptable salt theveof, wherein X 1s CL CFaLor B
4, The compound according to any onc of elaims 1o 3, ora
. ; N . o iy
pharmaceutically acceptable salt thereof, wherein Wis CRR”.
20
3. The compound according tw claim 4, or a pharmaccutically acceptable salt
thereof, wherein R and R® are independently H or CHy, or R and R together with the
carbon atom fo which they are attached form a cvclopentane ring.
25 6. The compound according to any onc of elaims 1o 3, ora
pharmaceutically acceptable salt thereof, wherein W is NRY.
7. The compound according to any one of clabms 1 to 3, ora
pharmaceutically acceptable salt thercof, wherein W is C=CH-R”.
30

R The compownd according to claim 7, or a pharmaceutically acceptable salt

thercof, wherein R is S-thinzolyl.



117 9. The conpound according: to any one of clains 1 to 8, or a
pharmaceutically acceptable salt thereof, wherein R and R2 arc

i ndependewOl2910456363- C4 al kyl or CH2CH2COH., or R and R2PprCogmstévencisme h t he
nitrogen atomto which they are 5attached forma pyrrolidine ring
optionally substituted with hydroxynethyl at the 2- position or hydroxy at
the 3-position. 10, The conpound according to any one of clains | to 9, or a
pham aceutically acceptable salt thepeof. wherein R is H. 10 11. The
conmpound according to claim1l which is 4-1441-(2-di met hylam no-

et hyD- 44, 4- 11uoro- 3-tri fl uorornet hyl -phenyly-111-im dazol -2-yl |

pi peridin-1-y11-5, 7- di hydro-pyrnmlol2, 3-dl -pyri m di n-6-one, or a

phi nmaceutically acceptable salt thereof 1512. A pharmaceutical formnulation
conprising a conpoundramompdﬁﬂguh@waﬂyamm@m@fdmhannaakuho TI or a

pharnaceutlc ptab e salt t here pharnace X y cacceptabl e

Carrer i raenreSFegReRrEnE S SR Ra T BRI o ol ai m

1to 11. or a&»pharkﬁmce’e&)m edal’ Iayc | RO@caBphablie tﬂt&h},’&“n ﬁthﬁﬁ@@fu,chﬁﬁt agse in

t her apy qund _ac N , or a

pharnaceutlﬁﬁﬁW“9gE éﬁf%%c%mrnggWﬁlé ‘%“9&8%“?|se ”%n¥ﬁ\{?P%atnent of

gl i obl ast omaositib:t drfhedirey ai2eISpdAitiort hod for treating. glioblastom

.multiforme in a .inammal conprising adm nistering to a mamal in need of

such treatnment an effective ambunt of a compound according to any one of

claims 1 to 11 , o a PhRavmpoedbhiestiigo accephabhiesdab b, drhereof. 16. A

phar maceuti ¢ i tion py .conpri sing a conpound

30accor di ng? ﬁgﬂﬁhmgbﬁ 18fpm$égd“§g8ﬁiﬁ&Juﬂﬁ Xiﬁarnaceutically accept abl e

salt thereof 118 17. A pharnaceutical conposition for treating glioblastona

2“:0}];‘; o Qeﬁfﬁ’;; ?{/”gcg}‘gﬁglgg?mﬂMﬁ(ﬁf{{g;g%%¥MmP}’qPF‘f 19b-Eh @ MBnitot 0 11 or
ethyly-4-{4-fluoro-3-trifteoromethyl-phenyl)- LH-nudazol- 21} pipenidin-1-v1}-5,7-

dibvdro-pyrrolof 2, 3-d-pyrimidin-6-one, or a pharmaceutically acceptable salt thereof.

b

12, A pharmaceutical formulation comprising a compound according to any
one of clatms 1 1o 11, or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carmer, diltent or excipient.

13, A compound according fo any one of claims 1 to 11, or a pharmacentically

20 accepiable salt thoreof, for ase in therapy.

t4. A compound according to any onc of claims 1 fo 11, or a pharmaceutically

acceptable salt thereof, for use in the wreatment of ghoblastoma nuluforme.

)
h

150 A method for treating ghioblastoma nnitiforme in a manumal compeizing
administering to a mammal in need of such treatment an effective amount of & compowund

according to any one of claims 1 to 11, or a pharmaceatically acceptable salt thereof.

6. A pharmaccutical composition for use wn therapy comprising a compound

30 according to any one of clmms 1 to 1L, or o pharmaccutically acceptable salt thercof
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17, A pharmaceutical conmposition for treating ghioblastoma swiltiforne
comprising a compound according o any one of claims 1 to 11, or a pharmaceatically

accepiable salt thereof



