P70 S6 KI NASE | NHI Bl TORS BACKGROUND OF THE | NVENTI ON p70 S6 ki nase
is a downstream effector of the phosphatidylinositol 3 kinase (Pl 3K)/AKT/
manmal i an target of rapamycin (mMIOR) siignal i ng pat hway and p70 S6 kinase is
commonly activated in many human solid tunors. p70 S6 kinase activity

regul ates ri bosone bi ogenesis, cell growth, and cell cycle progression in
response to mtogenic stinmulation. As such, suppressing p70 S6 ki nase
activity will block ribosome biogenesis, synthesis of select proteins, cel
growth, and cell cycle progressi@RINAREINHIBITORYT P70 S6 ki nase exists in
tunor cell proliferation and protection of cells from apoptosis.
Furthernore, inhibitors of p70 86 kinase are described as useful in
treating infections, inf as well as netabolic
di seases and di sorders. W@B@?@%@%@g@gjﬁmw VO 2006/ 046024, WD
2007/ _12_532|1 a0 WOKHR8 Q&(ﬂﬁﬁ@ahm éﬁ&@taﬁéiﬁﬁ@;ﬂfosﬁhﬁﬁi@ﬂlﬁ&ﬂﬂl Prifse (msK)/AK'Ir/
surprisin ot ent ounds at inhibit nase activit n
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l: RIV\R2 /=-N 14Y N 14-\ R5 R4 Z2 where: éﬂﬁ and Z2 are

i ndependefit BRSEILYCR POFSYPHBICPARE s SmARE Tt Stk HPRISSHRE i s H or
Cl-13;  p70 86 kiRak alcﬁw@hﬁﬂ%loclaﬂ'ﬁbs&lﬂbs{bgén@i@@yﬂt\heisﬂ@ oBseldct srbtefblR8H blowent
selected from hal o and trlfluor and tionally furfger substi tut ed

with a scéBdAe Sa5SrErSunt W}ém B%IOQS Sésdﬁé‘f‘?ctr&%lh?m rfigrgnd | 4

wher ei n. prfedt®n GR&Is #dmapshialR. aﬁﬁndﬁﬁ&eﬁﬂﬂﬁi&ﬁi dp7ERG @inadd ardddeRibelegs t hat Z1
and Z2 are or. CHs; R2 is Phenyl substltutgd with a
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further sidosdeld tqvveﬂzooﬁ/tz m%g sxe@@odafsulaw W o ends/oaerewn s@i7d 2583 eRdwo
substituent is hal g; dr ogen, hal o, cl oal kyl ,

or Cs- Cs XPKYHRPES) N%P@?ﬁﬁt W%&@WUWH@WPT&I%PW%@P R 430 h

hydr oXy; kinase activity. In addition particular compounds of the present invention are highly bioavailable.

SUMMARY

The present disclosure provides compounds of Formula I;

Z2
I
where:
Y is CR%
Z, and Z, are independently CR? or N, provided that 7, and Z, are not both N;
R'is H or CH;;

R? is phenyl and substituted with a first substituent selected from halo and
trifluoromethyl, and optionally further substituted with a second substituent wherein said second

substituent is halo;



R4 and R5 are independently hydrogen or Cl1-C4 alkyl; R6 is hydrogen; or a
phar maceutically acceptable salt thereof. -2- B? i s hydrogen, hal o,
Cl-C4 al kyl, C3-0C6cycloal kyl, or C2-C63%l kynyl, wherein C2-C6 al kynyl is
optionally substituted with hydroxy; R4 and R5 are independently hydrogen
or Cl1-C4 alkyl; R6 is hydrogen ; or a pharmaceutically acceptable salt
thereof 5 10 15 20 25 30 - 3- The present disclosure also provides a
met hod of treating | ynphangi ol ei omyomatosis in_a mapmal conpri sing

adni ni stering to almafiehtspeon teeid Pevidsd e rompaad AERT foaRulet f ecti ve anount of
a conpound of Formula I or a pharmaceutically acceptable salt thereof.

The di scl osure al so provides a pharnaceutic&“ fogfrul ati on conprising a

conmpound of Forrmula | or a phatmngceut) |y agcgptable salt thereof, in
conbi nati on with a pharnaceuty cal cce ,ange arrier, diluent, or

exci pi ent . In a second p t,\%ﬂgye i & phovi ded a phar maceuti ca
formul ati on conprising a conpgund as g i ned Ab e, or a pharmaceutically
acceptable salt thereof, in Bﬂqbgn@tiomfmjth a pharnmaceutically acceptabl e
carrier, diluent or excipient. Z, In a third aspect, there is provided a
conpound as defined above, or a pharnmaceutically acceptable salt thereof,
for use in_ therapy. Thi s disclosure al so provides the use of a

conpound Bf™drmul a | or a pharnmaceutical ly acceptable salt thereof for the
manuf acture of ayradikR@ment for the inhibition of p70 S6 ki nase.

Addi tionally, this di,scl osure prLovy 3 olmY: F I N:
phannaceutical |y @8&%@&5%@d?aﬁgﬁe%@g?%o‘?’ﬁoém%?g@?%{?h% i ?iﬁ'ghogéc}t%};b S6

ki nase in mammal s3! 6y &hennore, this disclosure provides a pharnaceutica
conposition adapted for the inhibition of p70 S6 kinase c rising a
conpound of For mR7is pharyl aubstimtedyfih frate st ﬁﬁ?mvsﬂﬁﬁgggﬁﬁﬁgﬁéﬁﬁt thereof in
conbi nation with one or Le_pharnma jscal : I LB S ,
carriers, or diId@ﬁPgr 3g8p£o&mnmﬁiﬁ%@R%ﬁ@%ﬁ%@%ﬁ@hgﬁggxgﬁggﬁ%es t he use
of a conpound of Fp&mlaidlse8éndub@tahdnt iidledert i cal |y acceptabl e salt thereof
for the manufacture of a nmedi canent for the inhibition, of i pgenesi s.
Additionally, thiR’ isihsfdmgsmrlglq@Cmﬂm&l@fiacx:@nﬁ@&m&%fmnfbr%ﬁ%y ag‘?fhféem

pharmaceutically acceptabl.e salt thereof. : i.0.,d nhibition of

angi ogenesi s in ﬁﬁwﬁﬁﬁ@?ﬂﬂd?Pﬁ%?ﬁ%?%&ﬁﬁ%F%9ﬁF§§§%?3¥% provi des a

phar maceuti cal copposjiion.adapted.for.the | nhipitign of angi ogenesis
ol B Spdndrapaderty B g e

conprising a conpdu matettical |y acceptable salt

el pient o, oarri Br & ot o SRS ABRBIL kAR et el 21 S

exci pients, carri e I's disclosure further
provi des the use of a conmpound of Fornmula | or a pharmaceutically
acceptabl e salt thereof for the manufacture of a nedi canent for the

treat nent of adenocarci nomas of the col on. In a fourth aspect, there
is provided the use of a conpound as defined above, or a pharmaceutically
acceptabl e salt thereof, for the manufacture of a nedi canent for the
treatment of adenocarci nomas of the col on.




Additionally, this disclosure provides a conpound of Fornmula I or a
phar maceutical |y acceptable salt theredf for use in treatment of
adenocar ci nonas of the colon in manmals. Furthernore, this disclosure
provi des a pharmaceutical conposition adapted for the treatnent of
adenocar ci nomas of the colon conprising a conpound of Fornmula | or a
phar maceutically acceptable salt thereof in conbination with one or nore
pharmaceutically acceptabl e excipients, carriers, or diluents thereof.
Thi s di scl osumre ialya@ggl, baibdBsC,tabigl, 05-€, ofcloatkgh npOuidliohyFeheming1Cor  a
pharnace%{ic LI% accept.abl e sq%%ﬁ%hereof for the manufacture of a

kyppes ¢rHgn

nmedi came Iy SUlsHiHE % A¥%smal | -cel | lung cancer. Additionally,
this disclosurg vides a ¢o u ok i a |l or a pharnaceutically
accept abl e sal’t 2% r%%F%ﬂﬁ?&ﬁggg$%£¥$ég§ﬁ%h 6f non-small-cell lung cancer
in manmal s. Fg{ﬁl LE; ortarﬂ)h&n:@:e%ﬁéaﬂ? YERptRb1OVdIdRSe@ Phar maceuti cal

conposi tion adapt or the treatnent of non-small-cell |ung cancer

conpr Psing a conmpound of Formula | or a pharmaceutically acceptable salt
thereof in conbination with one or nore pharmaceutically acceptable
excipients, carriers, or diluents thereof Thi s disclosure further
provi des the use of a conmpound of Formula | or a pharnaceutically
acceptabl e salt thereof for the nmanufacture of a nedicament for the
treatment of glioblastoma nultiforme. Additionally, this disclosure

provi des a compound of Formula | or a pharnmaceutically acceptable salt
therggf for use in treatnent of -5- glioblastoma multiforme in mammals.
Furthernore, this disclosure provides a pharnaceutical conposition adapted
for the treatnment of glioblastoma nultifornme conprising a conmpound of
Formula | or a pharmaceutically acceptable salt thereof in conmbination with
one or nore pharnmaceutically acceptable excipients, carriers, or diluents

t her eof . Thi s disclosure further provides the use of a conpound of
Foimula | or a pharmaceutically acceptable salt thereof for the manufacture
of a nmedi canent for the treatnent of ovarian carcinoma. Additionally, this
di sclldsure provi des a conpound of Fornula | or a pharnaceutically
acceptabl e salt thereof for use in treatnment of ovarian carcinoma in
manmal s. Furthernore, this disclosure provides a pharnaceutical conposition
adapted for the treatnment of ovarian carcinoma conprising a conpound of
Formula | or a pharmaceutically acceptable salt thereof in conbination with
one or nore pharnmaceutically acceptable excipients, carriers, or diluents

t her eof . This disclosure further provides the use of a conpound of
For | or a pharmaceutically acceptable salt thereof for the manufacture
of a ‘nedicanent for the treatnent of |eukema. Additionally, this

di scl osure provides a conpound of Forrmula | or a pharmaceutically
acceptabl e salt thereof for use in treatnment of |eukem a in nmanmmal s.
Furtheinore, this disclosure provides a pharnmaceutical conposition adapted
for the treatnent of |eukem a conprising a conmpound of Formula | or a
pharmaceutically acceptable salt thereof in conbination with one or nore
pharmaceutically acceptabl e excipients, carriers, or diluents thereof.

Thi s 2h scl osure further provides the use of a conpound of Fornula | or a
phar maceutical ly acceptable salt thereof for the manufacture of a

medi canment for the treatnent of pancreatic carcinoma. Additionally, this

di scl osure provides a conmpound of Formula | or a pharmaceutically
acceptable salt thereof for use in treatnent of pancreatic carcinoma in
mammal s. Furthernore, this disclosure provides a pharmaceutical conposition
adapted for the treatnent of pancreatic carcinonma conprising a conpound of

Fornu% | or a pharmaceutically acceptable salt thereof in conbination with
one or nore pharmaceutically acceptable excipients, carriers, or diluents
t her eof This disclosure further provides the use of a conpound of

Foimula | or a pharmaceutically acceptable salt thereof for the nmanufacture
of a nedi canent for the treatnent of prostate cancer. Additionally, this

di scl osure provides a conpound of -6- Fornmula | or a pharmaceutically
acceptabl e salt thereof for use in treatnent of prostate cancer in mammals.
Furt hennore, this disclosure provides a pharnaceutical conposition adapted
for the treatnent of prostate cancer conprising a conpound of Formula I or
a pharmaceutically acceptable salt thereof in conbination with one or nore
phar maceutical |y acceptabl e excipients, carriers, or diluents thereof.

Thi s disclosure further provides the use of a conpound of Fornula | or a
pharmaceutically acceptable salt thereof for the manufacture of a

medi canent for the treatnment of manmmary carci noma. Additionally, this



Conpounds of this invention are bases, and accordingly react wwth any of a
nunber of organic and inorganic acids to form pharmaceutically acceptable
salts and the present invention includes the pharnaceutically acceptable
salts of the conpounds of Forrmula I. The term "pharmaceutically acceptable
salt" as used herein, refers to salts of the conpounds of Fornula | 15t hat
are substantially non-toxic to living organisns. Such salts include the
pharmaceutically acceptable salts listed in Journal of Pharmaceutica

Sci ence, 66, 2Zryl8releAOfblosurhlidchiodeca BOWM btRatind BmpkideloREbnBbhnhiSaIn a

Hydrochl ori de, nesyl ate, and tosylate (al so known as -toluene sul f opat e)
salts ar &M5He SpPRIEFINEARiniStering 1A HRBRA 1B Pred ot S tre%}gwéflé feckivg anonboinpst

pref er r ed, coR@HMdRF FERR1COTRHRMscOficall NBccBit @S &Ml thadgnt i on have one or nore
chiral centers and nay 20exist in a variety ?f st ereoj soneric

confi gurati ons- eﬂ@“%m@&ﬁgéﬁﬁ@ﬁﬁé’6?m?ﬂ%§e% FHGP CQERERs & CoMMEd@npounds of
the presemimildy e jhemResuillyascdABRIE BsreoflindombRti@f wiehaftioenaand as

i ndi vi dual en tiomer as wel| as diastereoners and m xtures of
dlasteredﬁ§W?' ﬁ??w%8§%m¥8£%ﬁﬁﬁﬁ%, enantioners, and di astereoners are

W thin the scapea Qicohfl@spices@at ik Mentddon. phlhtacsprel firGulsti@r e@h@eﬁf@r 5 and

enantioners of co ds of Fornula I an be ar.ed of 250r di nary
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t hose di S;ﬁlli@fﬁi@éﬁhbéﬂylacceﬁﬁﬁl@'dﬁﬁler @ituedd or exciggBant i orrers Racenat es and
Resol uti ons", _Joh | ey and. Sons, Inc 1981, L. Eli and S. H

Wlen, " Steredg ﬁéﬁ‘f‘%%’?‘ T AR BRI e 359“1 At &P W@W&%C%M)
and Europ@&@mB@k@mﬁwﬁgphkgghhQ@myp EP- A- 838448, published April 29, 1998.
Exanpl es of ol utions i nclude recr stalllzatlon chn| ues aqr . chiral

chr onat ogr aphySh closure also pigyades e pee@fe SHPPWRLPT Pl P%%pl‘g‘ﬁﬁfeél(?f%e t hat
Conpound&w&bwﬁm&muﬁaEMﬁMhméthﬁﬁhﬁehMﬁﬁﬁ@&ﬂmﬂﬁbMﬁéSﬁﬁﬁbn@fpﬂﬁkﬂﬁﬁmf erlzt
as tautongrs. t ho tautonmers are i Sti skille
rt can vidiontln R HE e RRE R Sy HeRrdet i vt TP iR R eS|y and
rapi dly isak éreditoast inbdhibitionchép70@cdinagriy meonets.t FuothemofeShs dislbsueh Advanced
Organic 5Ch T i.f10 w Yor k
(1935) . Pgasahiptoclyl Sordshind oot ket RUBLSE VNG S b c N ind ™ Vot (1
Publishen&mpmmﬂdﬁwmmﬂ$hmmY0rk (1976) page 173). As such, the
representation of a conpound of Fornmula I in a single tautoneric form
contenpl ates both tautoneric forns individually and m xtures thereof.

Li kewi se, the nam ng of a conpound of Formula | where, for exanple, Rl is
10hydrogen either as I Himdazole or a 3Him dazol e contenpl ates both

taut omeric forns. Certain classes of conmpounds of Formula | are
preferred p70 S6 l.cinase inhibitors. The foll ow ng paragraphs descri be such
preferred classes: a) Yis CR6; b) Yis CH 15c)Rl is H d) R is CH3; e)
Z1 is CR3; ZL is CH Z2 is N, 20h)R2 is phenyl substituted with a first
substituent selected fromthe group consisting of halo and trifl uoronethyl,
and optionally further substituted with a second substituent which is hal o;
R2 is phenyl substituted with a first substituent selected fromhal o and
trifluoronethyl and further substituted with a second substituent which is
25hal 0; 1)R2 is phenyl substituted in the 3 or 4 position with a first
substituent selected fromthe group consisting of halo and trifluoronethyl,
and optionally further substituted with a second substituent which is halo.




k)R2 i s phenyl substituted in the 3 or 4 position with a first substituent
30sel ected fromthe group consisting of halo and trifluoronmethyl, and
further substituted with a second substituent which is halo, -9- I)R2 is
phenyl substituted in the 3 position with a first substituent selected from
the grou I SL Y ¢ optionally further
substitu h%—ﬂllgﬁéu%%l?%cc% taggg%tr{ﬁ%/}mg%fy%)fn{s%%%%g@gu%seﬁrt uent which is hal o;

5m 125 i ghidmaegutidaiis amn@’dun@%@@mﬁ,@rﬂliqegtS@herﬁrOée base; o) The conpound
of Formula I Sat b hydrochloride
salt; The corrp%ffndg%%%&rﬁalw O%Q%Ré;&gﬁgc ng}rpm%%ﬁga 10O her pr eferred
conpoundshainafmticallly acdeptable saiﬁb@eof\fm@@nanuf@tu@%” aamsﬁm@lnemts%rﬁhfor

Addi tion o} CR6 and

o 1o T R b0 SR URAR AL, Bl At R ﬂ&éﬁf%ﬁi%f%gﬁéf. Cucnt

sel ect ed Ior apharheegicelpaccemailstalt rtiqra@f fonageon anhbitioniof bagegonesistry| , and

optional | hi t e ggﬁ ti is halo.

15Pr ef er rnga %J%Snp}kgl&% lee ?fg%ls%%lsm FIQV%%%I I nc g‘}e&f§1 hgé]gg%él\rlggér\;al s CR6 and RE
is Hor (ﬂaﬁheﬁﬂibitsnpﬁmwgewbsmnrueﬁ awpinpovad i Fetnubllvsei t uent sel ected from
t he group n optional ly further
subst it ute R a§eiu?]£ally%cc%%ta gsagbt%%}?%fg%%ﬁ E181E§|Et§')§{1l cfr%q R5is H Z1 is CR3 and
Z2 is N phhmcqmm@lleraccedta‘alpemeOSEcmﬂpwdﬁ@mﬁh#@f mula | in which Y is CH,
le is Hor ; bstituent

sel ected from SdiSR%S%% ﬁ@@n’gxévtq?ér%%edfqé ﬁfta mgloﬁmt&ﬁ)%ogrzooﬁrgt hyl , and

opti onal IWAaz&nac@heailyscd@gﬁabibmletﬁemwftfbr the meudrcthirsoftronddicamant fliheh i s hal o; R5
is H Z1 ;A JS N ~Ln ition, preferred are those conpounds of
For mul al t%e%m%ogﬁg Olgagm%ﬁ%fasﬁﬂhfgag' H or CH3; 1k2 is phenyl substituted
with a first dubdithuertt, delcectreddddrthamse hta gmmepnPEclehwidsbivegoref hal o and

hal o o AR B0 Se bl SUBR fof b Silatthdile Br 2READMAAPHL LUEAL MY O 1o

hal o; Ferre conpoun S

For mul a Iadaroear‘clhmaquewhioch Yis CH R is H or CHB R2 is phenyl
substituted in,t | n.with. i1 selected fromthe
group consi sti n hﬂoflglhpﬁl &lscd)&“fr? #ﬁvﬁigsr%)??e Hﬁ %onal ly further

substit uteaﬂaammcetdtueana]f aB&p@b]etsalomempﬁfhr we stn@nsdwenmuan@mwm ch is halo; R5
Formal o 19 eGP R BERatpb Matperpre e ol ® 2™ BT < “hemy
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comprising a compound of Formula I or a pharmaceutically acceptable salt thereof in
combination with one or more pharmaceutically acceptable excipients, carriers, or
diluents thereof.
This disclosure also provides the use of a compound of FormulaIora
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the
treatment of non-small-cell lung cancer. Additionally, this disclosure provides a
compound of Formula I or a pharmaceutically acceptable salt thereof for use in treatment
of non-small-cell lung cancer in mammals. Furthermore, this disclosure provides a
pharmaceutical composition adapted for the treatment of non-small-cell lung cancer
cémprising a compound of Formula I or a pharmaceutically acceptable salt thereof in
combination with one or more pharmaceutically acceptable excipients, carriers, or
diluents thereof.
This disclosure further provides the use of a compound of Formulalora
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the
treatment of glioblastoma multiforme. Additionally, this disclosure provides a compound

of Formula I or a pharmaceutically acceptable salt thereof for use in treatment of



fromthe group consisting of halo and trifluoronethyl, and further
substituted in the 4 position with a second substituent which is halo; R5
is H Z is CH and Z2 is N Par.gi cularly preferred are those
conpounds of Formula I in which Yis CH Z1 is CHand Z2 in N. 5The
foll owi ng conpound, 4- {444-(3-(Trifluoronethyl)-phenyl)-1Hi m dazol -2-

yl kpi peridin-1-yll -IH pyrazolo[3 CF3 or a pharmaceutically acceptable
salt therefore, is nost especially preferred. Additionally, the

conmpound _4- -1.4- ro-3-Lri ‘o -1

10net hy Lgﬁfﬁhl.gﬁ?“[‘oé%‘%ﬁ@?ﬁ%“?aaﬁ?ﬁé%iﬂ&’?‘%%ﬁ?@‘ifﬁﬂ’%%?ﬁ%1do %3, 4-ci pyri m di ne:
CF, or a pphrarpaitienl torazisitipn atrptep falthedresiaient aflgbipkieioms mulifosde nost especial |y
preferred, s T E : re..lohibj : p70 S6 ki nase
and are % he ré?régraécou%8‘?%%?%’%?%%9%ragg%%%e?tl%)afu?r?gﬁegt%%% ?Aétttg(l{rgoefgi es and

di sor der sosbighticasvitias bt poreghavetamscally Beveptalio BAcipiesyanehraa® or i nsul i n

resi st anciuenr@ytﬁgl_&%l ycem a, hyperam noaci dem a, and hyperli pi dem a, and
proliferative disorders, particularly glioblastoma nultiforme, colorectal
cancer, hepat ddél disgloawre Gatheegrovidlagnly: wanicerompbrdas Fowamtcler 2 ovari an cancer,

and r enal phgl%{akeug}?ﬂ%gc%p%blig @ai%gpggfl dcgr tﬂ-cpm cure?&"’t? ﬂlédiﬂ@l@ntl}&%ﬂe found that the

p70 S6 ki‘nase p ctivated in cells o enign tunors, such as those
associ at gctawientof20ariay mphiamys. ohddiormpdyrditiodsadospieArvideSe codrourdiell  of Bol ogi cal

Chemi str - 34, = 19, 839-846
(2006) . %lpr?ﬁ%i%]?% %%%.?aﬁ%ggﬁﬁﬁa%za&{aﬁ %%R Yh?r%gﬁop{%g;ﬁ/{ %agjg&ggﬂoﬁggafn ul in treating
LAM | nhidsictrons infapigis.SBurkienese tds disdésen pooddes b phashidsiior s of angi ogenesi s
in mamal 1S f %pbrg@! 1 ' human. The
corrpoundsC%%]f)!)%’i%ornr?&F%% fgl@%‘%g%%ﬂ%%%%%% y ()()r%ea%ggs%érl%%eﬂéé)?&osr% dl%l in the art

f ol | owi ngFoantla I ecogninred:ticabhmeaptebk salhdieprc edubingion Mithensgrardré i cal | vy,
conpounds_of For. I n . $ rth in the schenes,

met hods, pél?i agg(ug%#y%gceg%@efe %ﬁ 1%&%2%@%@%{? ﬁl\l/ﬁ%ﬁltth%%ﬁr ecogni zed by one of

skill in the &arts disvitsurk fiethenptovidehulad uss b nipautdhd Fowidlolwag schenes may be
varied to,provide.th to d starting
materi al & h%%ac?uglaﬁlfyl a?/ceg%g}lg %kaigﬁgre?f{)fogtﬁée 0 uq;%cr ?%%?I?&g%%l%{& f?rr{:ﬁlét"he art. Al
subst i t uentsyentefllegeniat Redinbsdlysthiedistibed; pravidesasoppevid ofiEérypulddfor ned.  Sone

clari 1y TORRE B oD e ReRE B B R e D Rl e any
way. Furth@owpo thirdEscofurEpravidena phampacclzalpoapesited adsptéd bt rat ed in the
f ol l owl ngtresa he{*@'ﬂé’@@&u% conprisiiy a J%?ﬂ O%’Of%&ﬁnlgaz q X ré@euﬁ§a119r eviously
defined, and Lisa sult %Peg%eaw ﬁ)g group sucﬁﬁlag ﬁgll 0.
acceptable salt thereof in combination with one or more pharmaceutically acceptable
excipients, carriers, or diluents thereof.
This disclosure further provides the use of 2 compound of Formulalora
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the
treatment of pancreatic carcinoma. Additionally, this disclosure provides a compound of
Formula I or a pharmaceutically acceptable salt thereof for use in treatment of pancreatic
carcinoma in mammals. Furthermore, this disclosure provides a pharmaceutical
composition adapted for the treatment of pancreatic carcinoma comprising a-compound of
Formula I or a pharmaceutically acceptable salt thereof in combination with one or more
pharmaceuticaily acceptable excipients, carriers, or diluents thereof,
This disclosure further provides the use of a compound of Formula I ora
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the

treatment of prostate cancer. Additionally, this disclosure provides a compound of



15SCHEME 1 H A substituted pyrazol opyrimdine (or purine or
pyrrol opyri mdine) conmpound of fornula (a) is reacted with a substituted
pi peridine of forrmula (b) to form conpeunds of Forrmula |I. For exanple, a
solution of a conpound of formula (a), the piperidine (b) and a suitable
base such as 20triethyl am ne, diisopropylethylam ne, or N nethyl norpholine,
in a suitable solvent, such as propanol or isopropyl alcohol are heated to
about 70C-100C to provi de conpounds of Formula I, which nay then be -12-

i sol at .ed Bl 1 %r a%%&%%%%&i&iﬁ%gce Bk Eﬁgﬁerpéfrf&fdsggx HS G & ?cﬂ&'teques vel |
known in the art, 'such as chromat ogr aphy. Conpounds of fornula (a)
are conmercEh ymaelai Fatbtreoreothis diaglosyes psyviteherliameadedyyal peensitien daitth to the
skil led %&hi@éﬁtﬁl&@& p‘?%@%@éaﬁcer COHIRAHRAS oRbodn@ bFH:Aulador Backikidafly CR3 and

4is N5 e prepared fromallopurinol by reaction with a chlorinating
agent suchceagblp ﬁ@gtgﬁmfynz canfimtipeleith Ak Bawed Hgmeasediseilit acepEPEFECIPERY Pt her |
conmpounds,, of..f araula {ad.smey be substituted if desired under conditions

wel | known I'n the art. Eor exanpl e, a conpound of forrmula (a) where Z1 or

Z2 is CR3 is flhiscistlnsretirtiepomvidssprssss o aapmegypt offioratael o pobrmsatticofly agent ,

such as [aq:éeptable salt thereof for the manufacture of a medicament for the treatment of mamimary
(chl oronmet hyl)-4-fluoro-1, 4-di azoni abi cycl o[ 2. 2. 2] oct anebi s(tetrafl uorobora

te)] in Fas@phaphdditppdly) thisdbcloprepridsy etogpowdiof Epmelad g1 apbaTeceultalyy as

acet oni t ribeBeBRAIPGELSTordGE th trd¥BON S amnEe@P RO S 18 inabiPfall [Farthehorsher e R3
is alkyl or cycloal kyl are synthesized by nethods known in the art. For
f

: y

i nst ance, higfisdisere SYIrTA RIFHECHUEC} APPREPLAIAPHd & QIR BEE RE™ETPHEI dehyde in
the presengaiosh cshfirang sRaseosdOhF@sulaDAr 2 bikrBa@oficaBnbccspistle @ tikkdof inat
cool ed tenperatures to prod;&e the_r1 uisitﬁ al cohol . Cxidaé%on in the
presence GRPEAIGHYRATE OF FogPogAaciutignliy a¢aptable R B A BEY % BN Such as
acet one pravirdes the required ketone, which is then reacted wth hydrazine
hydrate in a suitable solventV%uch as THF at r%§n1t% era%ure t o provide
cycl oal kyl - subles Sieaee HREDBrERyH fif ohsemauR ST or o FEPRIE (A
Addi ti onadckapiabrEBbindeisofrbr e MEhiTidige ctpalivagdsnivitieheréddnés ol kKynyl are known
to the skilled . artisan, For exanple, a chlorinated co d of formula (a)
e ot hyl MR o S E By Pl ARSI R RS BT E LLrTaa *Shich as. DV
and/ or 20Ghkmadsitioglytaedepakle s{lt thepdfconlsp haspiniene)ipahphadiciniptyortRdiHn3P) 4) as
a catalyst to affaord the . ethynylsubstituted conpound.of |.a.(a). The
equt of L BB P bt B Py P RPN s e L (e
f ol | ow ngreatiene, lymptengolBomyégtosd, . 2.5 K and Y are as previously
descri beddom%ggmg aG ccgrgpo@nds (Hfl PtOIaﬁl?Llﬁae I &'raopthg%alce%gczglrygig&ptag@ §%@@01€n combination

with one or more pharmaceutically acceptable excipients, carriers, or diluents thereof.

In addition, the disclosure provides a compound of Formula 1 for use in therapy.
DETATLED 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, for example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl,

and t-buty! and the like. Likewise, the term “C;-C; alkyl” includes methyl, ethyl, and isopropyl

and the like.



WO 2008/ 140947PCTM52008/ 062143 Am ne (c) is reacted with a protected

pi peridine in the presence of suitable’coupling agents such as isobutyl

chl orof ormat e, 1-ethyl-343-di net hyl am nopropylj- 5 carbodiim de

hydr ochl ori de (EDC), or | -propanephosphonic acid cyclic anhydride (PPA)
and an appropriate base such as N nethyl norpholine or triethylamne, in a
sui tabl e sol vent such as THF, nethyl ene chloride, or N, N-di nethylfonnam de
(DMF) at reduced tenperatures to form am de conpounds of fornula (d). The
subsequent iWﬂdaﬁaﬂemmi@e&hdFOEC(bhﬁy”wﬁaﬁﬁa%ﬁﬁghﬁﬂﬁmh&wﬂ@mﬁhﬁamm@ﬂng

exposure of co und ium 10 aceta r un1ch|or|d in a
anled vaQue T U GrE B AL RRaP B 08 P A e ROELF SR RIS  onave
hcat uNdefetx g Setok e pr@lokﬁﬁsa@rop@b@wum@ommmﬂmmﬁhéﬁ}zenul a (bl) may be fornmed
by reacting anldln appr o keto 1e in,a .suitable
ol vent | Such RSt thustts aaior R LA S EeB SR A a b ST R
potassiu@h&&ﬁﬂﬁﬁﬁﬁ@gﬁﬁﬁ&bﬂt@ﬂ1carbonate foll owed by deprotectlon under
conditions wel| - known t he skille S5artisan erldlnes of
Cormil 2 (b 1 Ansuaihet 8ol ben iy baeriyo SR Breite o
fﬁr mul a (caooihiidhyliRefRdBtiemt induldes grRepgand tyddatyl. The i mi dazole (n) is
then added to a sujtabl solv t.s as THE, copol e reated with a
i 1 ogen pr o eRrRHY gL ST Rogs hSBICE A PRBERT SRt SRl Y
chl or i de fioh twaeo Pk eSBRCRo0f and 06t wiFldioad, iicterdntyl b nad incivkl g ethheyl re@shiion
m xt mqrn1to roonh=e nperature to -14- provide the internedi ate of
ba oo

for N PR “protected imdazole may then be treated with a

met al atl Ng ageTmpoSids bf &S 1mrebmﬁnyalré bk, s acédidiBgly ida&r\iith&ﬁi{\tﬂﬂﬁumt&ﬂ@ﬂ“l at THF,
under reduced tgnperatur nder an jnert nﬁ ere. This mxture is
@gﬁ|

Lreated WERCAR HBEPBHAS Bl Feied P TR arar BUEN To var m
t o room tigpRk Bk ﬁdh:ﬁ‘mﬁ&ﬁtuﬁﬁb@dﬂ:‘éptébl&’lsaﬂt@ oghé/&)ni‘;ﬁﬁmlcbﬂﬂﬁﬁrmfa It Rete(R) . Tr eat nent
of o ermeciate LBl win AN ARcoun. s d auch o LN TCL 2L elotalss
descnkbedndt BreSeheneals, nowﬂemb Nivi@ot@nidms WdcRBdIE ifeh@t eetphfthagutilty SCHEME 3
OH N NA, accepglc)%e (saizs hlz;)t%;d gn ourna o(f@:amaceutmai g:mence lg6 2-19 (1977), which are known to
the skilled artisan. Hydrochloride, mesvlate, and tosylate (also known as p-toluene sulfonate)
salts are preferred salts, The hydrochloride and tosylate salts are most preferred.
Some of the compounds of the present invention have one or more chiral centers and may
20 exist in a variety of stereoisomeric configurations. As a consequence of these chiral centers, the
compounds of the present invention occur as racemates, mixtures of enantiomers and as
individual enantiomers, as well as diastereomers and mixtures of diastereomers. All such
racemates, enantiomers, and diastereomers are within the scope of the present invention. The
specific stereoisomers and enantiomers of compounds of Formula I can be prepared by one of
25  ordinary skiil in the art utilizing well known techniques and processes, such as those disclosed by
J. Jacques, et al., "Enantiomers, Racemates, and Resolutions", John Wiley and Sowns, Inc., 1981,
and E.L. Eliel and S.H. Wilen,” Stereochemistry of Organic Compounds”, (Wiley-Interscience
1994), and Furopean Patent Application No. EP-A-838448, published April 29, 1998, Examples

of resolutions inchude recrystallization techniques or chiral chromatography.
30



PG (1) fio 10 Amidinc (c) is readily produced fromnitrites. Mre
"specifically, hydroxylam nc hydrochloride dissolved in a suitable solvent,
such as water, is reacted with cyanopiperidine (g) in the presence of a
base such as sodi um carbonate in a suitable 15so0l vent, such as in nethanol
and exposeAYHYA7t o provide the hydroxycarbani m doyRC/BYAB dihe (h) .

The hydroxycarbam m doyl pi peridine (h) jin a suitable solvent, such as
acetic acid, is then hydrogenated via ﬁal | adi um cat al yst in t he presence of
acetic acid anhydride under pressure to provide am dine (e). Alternatively,
a carboximdic acid (j) is formed by dissol ving cyanopi peridine (g) 20in a
sui tabl e sol vent such as nethanol, cooling, then reacting with hydrogen

chloride gas. Theﬁﬁ@hﬂéd&%skx§wﬁﬂ%9aﬁr&%&ﬁﬂ cB¥pduh &3t ERGuBARAGX RN ¢ acid
(J) with ammonia in nmethanol, then saturati nggthe m xture with anmoni a gas.

-15- THedragen T WapreatoF §xate Miekpt 25 P loRE P at EhughRutAers afestrgpuralie
substiruent s gisind e qﬁmsm@wa@l&mfppr@ammmhéy emgl ih efulitRinAtaRd G AR ndr eaction

condi tions enpl oyed to s e the o] These |et|es may be
i nt r oduced agg’é‘gﬁﬂﬁ{?@ﬁ‘ieﬁ% %l‘ﬁ WCPW@'“@ @ﬁ*’eyaéch Mﬁ@—br otected and

t hen depr ot echedisas ’i‘ﬁl&ﬁl&ﬁﬁ@[W:i@l’lnd&&bﬁcﬁdﬂcwﬂﬂak,%xd Y@ki( 13R1)| mas 6ai7b]  Sal so

appreci ate tha Yot ect.in rQu onveni ent

point in the 5%‘ ‘H%’“‘&#M%@g%g ﬁﬁgg?ﬁqs Qf‘ﬁ‘ﬁg@ 1g‘ﬁ:éhr'\tQI Y’ﬁ&g‘?‘l F®n. Met hods

I(r)]r i nt r oducwrn?( alﬁdé)r;@g@vﬁ3mgAmttr O eapropentatios bi mmgwmdlpchamelaMIal glown_ in
e art; see r ; / n Organic

Synt hesi s, 3"Sm tau%?‘%ﬂmo% F(%e%§ﬁ?s %ﬁéﬁ k%m@n%lg%%h&/ﬁy Q{?EL%QQ).

Furt hernore, thewsf. swdvh@dhawmmf ammwoua®§r®m®% Tewl‘tel’ﬁaﬁ)r P)ﬁlm@ﬁn@l is

10ci rCU%f@”%?&D%ethﬁhe LOGLind; &z%?%mh@atzb@%oxﬁg Ategtosfﬁ%ﬁ)%féné RriOt

critical. The particular order of steps require roduce the conpounds
of Formula | is degBhdéstes pisempeuds qf&pmwaaerpr%f@wa@u&aﬁ barspgtdiert-hesi zed,
the starting GeREWRE pARsahhgestBk alch yerd-abbkisty of the substituted

noi eti es. The abbrevi atl ons, synbols and terns used in the exanples and
assays have the 18 foll®fRng meani ngs: BuCH = butanol, DCM =

di chl oronet hane, BVF ¥ iNchi net hyl f or mam de, EtOAc = et hyl acetate, EtOH
et hanol , OH = tharg(QI Pd(OH) 2/ C = pal | adi um hydroxi de on carbon
(Pear| man's cat ar‘ést) H hour (s), LDA = lithiumdiisopropylam de, EDCl =
1- (3-di net hyl am naypr opyis)CEa, et hyl carbodi i m de hydrochl oride, Et20 = diethyl
ether, Et3N (or TEI%A) i t ré;&gt hyl am ne, NaBH( QAc) 3= 20 sodi um

triacet oxybor ohydri = tetrabutyl amonium fluoride, Tf20 =

trifl uoronethancsél forﬁlis Ghhydri de, THF = tctrahydrofuran. Preparation 1

2- Brono-1- (2-f uoLp- S-jzrisiﬁ;l uor onet hyl - phenvl) - propan- 1-one FF 25F0

20 h) R? is phenyl substituted with a first substituent selected from the group
consisting of halo and trifluoromethyl, and optionally further substituted
with a second substituent which is halo;

i) R? is pheny! substituted with a first substituent selected from halo and
trifluoromethyl and further substituted with a second substituent which is

25 halo;

| i) R? is phenyi substituted in the 3 or 4 position with a first substituent
selected from the group consisting of halo and trifluoromethyl, and
optionally further substituted with a second substituent which is halo.
k) R’ is phenyl substituted in the 3 or 4 position with a first substituent
30 selected from the group consisting of halo and triflucromethyl, and further

substituted with a second substituent which is halo,



Slowy add a sol ution of bronine (3.34g, 0.95 equiv) in dichloronethane
(80.00 InL)to a solution of 2-fluoro-5-(trifluoronethyl)propi ophenone (5 g,
22.03 Mol ) in dichloromethane (80 nL) is with stirring so that the brown

col or of bromne just -16- di sappears. Wash the reaction m xture
Wi th sat ur #0843, dry over Na2SO4 and concentrat #GIVBIEI42AE 6. 22 g of
crude material. MS(ES): nilz = 301.2 [M214]. The conpounds of

Preparations 2-5-D may be prepared esséntially as described in 5Preparation
1. Preparation Conmpound MS(ES): mz [M2111 2 2-Brono-1
-(4-fluoro-3-trifluoronethyl-phenyl)-propan-1 -one 301.2 3

2- Brono- 1- (2- chl or o- 5- uor oet hyl - pheny1) - et hanone 285.2 4

2- Bromo- 1- (3-T1 ugyo- Sp1yf géng%sgm%ﬁwm@ SR &R A RANG bR R AnGeloted

2- Brono- 1-(2-fluoro-5-trifluoronethyl - E enyl) - et hanone 287.2 5-A

2- Br onmo- 1- (4- t ri f 1 uor Gerethegrap pasigtng.of pap et lwrneggh aml qptionally

2- Brono- 1- (3- 1uor onet RhsrRRBRYLD mRKQPSRNb AR a &BdndRubstituent which is

_ halo;
5 m) R is H; _
n) The compound of Formula 1 is a free base;
Q) The compound of Formula I is a salt;

)] The compound of Formula T is the hydrochloride salt;
Q The compound of Formula I is the tosylate salt,

10 Other preferred compounds of Formula I are those where Y is CR%and R'is H or
CH; Additional preferred compounds of Formula { are those where Y is CR®and R' is H
or CHs; and R? is phenyl substitucd with a first substituent selected from the group
consisting of halo and trifluoromethyl, and optionally further substituted with a second
substituent which is halo.

15 Preferred compounds of Formula I also include those where Y is CR®and R'is H
or CHs; R? is phenyl substitued with a first substituent selected from the group consisting
of halo and trifluoromethyl, and optionally further substituted with a second substituent
which is halo; R® is H; Z; is CR®* and Zy is N,

Also preferred are those compounds of Formula I in which Y is CH; R' is H or

20 CHi; R?is phenyl substituted with a first substituent selected from the group consisting of
halo and triffuoromethyl, and optionally further substituted with a sccond substitucnt
which is halo; R® is H; Z, is CH; and Z, is N.

In addition, preferred are those compounds of Formuda I in which Y is CH; R'is
H or CHz; R is phenyl substituted with a first substituent selected from the group

25  consisting of halo and trifluoromethyl, and further substituted with a second substituent
which is halo; R® is H; Z, is CH; and Z, is N.

More preferred compounds of Formula I are those in which Y is CH; R'isHor
CHa; R? is pheny! substituted in the 3 position with a first substituent selected from the
group consisting of halo and trifluoromethyl, and optionally further substituted 1n the 4

30  position with a second substituent which is halo; R*isH:;Z, is CH: and Z, is N.

In addition, more preferred compounds of Formula I are those in which Y is CH;

R! is H or CH3; R is phenyl substituted in the 3 position with a first substituent selected



5-C 2-Brono- 1-(3-chl oro- 4-fl uorophenyl) - propan- 1-one 265.2 5-D

2- Brono- 1- (3-fl uorophenyl) - propan-1-one 231.2 Preparation 6

2- Ami no-1-(3-(trifluoronethyl)phen_yOet hanone hydrochl ori de Add
3-(trif|uororreth ;phenacyl brom de (10 g, 37.4 mmmol) to a sol ution of
10hexanet h%"%ﬁ}@?é‘lﬂ i ne (HMIA) (5.80 g, 41.3 mol) i nPCHIBE%Be¢ achl ori de
(100 nL). Stir at room tenperature overéu ght Filter the precipitate and
suspend the filter cake in ethanol (20 Dilute the mxture with
concentrated hydrochloric acid (28 n), and stir the mxture at room
tenperature overnight. Filter the precipitate, and concentrate the filtrate
in vacuo to provide an off-white solid. Recrystallize the solids from hot

1% concent r atgggh ¢ %}Bwh&sﬁ;hgoﬂ@l‘o%d t@ﬂaaroéépﬁ%aMherts%mﬂgd @ahes NOt to cool
bel ow room t enperature to provid

(trifluor omePRYIYPHEMRPFIcRE H’éﬁtﬁ‘ﬁé‘ mﬁ%eﬁw (5*% FSdJeZ(t?Cé#aﬁi Zge¥% . MB(APCI ) :
ni/z = 204 [M +  Particulafif BreBBPAURES cOhpdth@RAFaidu®NSy Yhidd sTH 4, bRy be

pr epar ed esserf_Li %I%ﬁwgs described in Preparation 6. 20 -17- Preparation
Conpound Phy<itt4 t 7 2-Amino-1-(4-(trifluoronethyl)- phenyl)ethanone
hydr ochl ord de M5 tWEbliawingBopsun,04{4[[M(3(TlfluSromethyl)-phenyl)-1 H-imidazol-2-

yl}-pipendin-1-yi}-1 H-pyrazolo[3,4-d]pyrimidine:

Fo%

or a pharmaceutically acceptable salt therefore, is most especially preferred.

Additionally, the compound 4-{4-[4-(4-Fluoro-3-trifleoromethyl-phenyl)-1-
10 methyl-1H-imidazol-2-yl]-piperidin-1-yl} -1 H-pyrazolo{3.4-dipyrimidine:

HG
-0
N N 9
N /. ¥
H

N

or a pharmaceutically acceptable salt thereof, is also most especially preferred.

The compouﬁds of Formula [ are inhibitors of p70 S6 kinase and are therefore
useful in the treatment of metabolic diseases and disorders such as obesity, diabetes,

15 metabolic syndrome, insulin resistance, hype:rgiyce.mia, hyperaminoacidemia, and
hyperlipidemia, and proliferative disorders, particularly glioblastoma multiforme,
colorectal cancer, hepatocellular cancer, lung cancer, breast cancer, ovarian cancer, and
renal cell carcinoma in mammals. Tn addition, it has been found that the p70 86 kinase
pathway is activated in cells of benign tumors, such as those associated with

20 lymphangiolciomyomatosis (LAM). Sce Journal of Bological Chemistry, 277:34, 30958-
30967 (2002), and Modemn Pathology 19, 839-846 (2006), Thus p70 S6 kinase inhibitors




9 2- Ami no-1-(4-chl orophenyl) ethanone hydrochl oride 'H NVR ( DMSO- d6)

88.05-8.02 (m 2H), 7.69-7.66 (m 2H)-l14.59 (s, 214) 10
(trifluoronethyl)phenypet han-one hydrochl oride 1H

2- Am no- 1- (4-fl uor o- 3-
NVR (DVBO d6) 38.44-8.35 (m 2H),

7.98-7.80 (m 1H), 5.

4.73-4.68 (m 2H) 11 2- Am no-1-(3-fluoro-4-
(trifluoronethyl)phenyl)ethan-one hydrochloride 'H NVR (HMSO 4) 38, 55-8. 40

(hr s,

2H), 8.15 (d, J = 18 Hz,

2H),

7.98-7.80 (m 1H),

11-4.90 (in, 2H)),

5.11-4.90 (m 2H),

4. 73- 4. 6&af @so BHlseflRindreAmgTOaN- (Britfidors@if 97(BS6 kinase are also useful inhibitors of

trifl t hyl - ph ) -
i1 voraeL iyl eyt ) el anone Ty

(3H, s).

gl g g

HVBO- d6, 400 MHz):
s (1H, s), 8.18

hyar ochi or | do B8P s Fampled 3 byt Yy NS DRI SR o o R e

trifl uor apeichplizephenyibyes ehd@badereh ydoeepdcdichitle cdyidni)s of Mbanuta 222 [M + H|

15

6
% prepared as set forth in the schemes, methods, and examples set forth below. It will be recognized

by one of skill in the art that the individual steps in the following schemes may be varied to

provide the compounds of Formula I. The reagents and starting materials are readily available to

one of ordinary skill in the art. All substituents, unless otherwise specified, are as previously

defined. Some substituents have been eliminated in the following schemes for the sake of clarity

10

and are not intended to limit the teaching of the schemes in any way.

Compounds of Formula I may be prepared as illustrated in the following scheme where

R, R%: R* R, 7, Z,and Y are as previously defined, and L is a suitable leaving group such as

halo.

15

RS

Rl/

L
= ZE\
N vy
/2
= N
N

(a)

R
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(b)

SCHEME 1
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A substituted pyrazolopyrimidine (or purine or pyrrolopyrimidine} compound of formula

(a) is reacted with a substituted piperidine of formula (b) to form compounds of Formula I. For

example, a sofution of a compound of formuia (a), the piperidine (b) and a suitable base such as

20

triethylamine, diisopropylethylamine, or N-methylmorpholine, in a suitable solvent, such as

propanol or isopropyl alcohol are heated to about 76°C-100°C to provide compounds of Formula

1, which may then be



- 18- Preparation 18

2- Ami no- 1- (4-fluoro-3-trifluoronethyl -i¥henyl ) - propan- 1- one

tol uene-4-sulfonic acid salt Add sodium azide (640.94 ng; 1.05 equiv; 9.76
mol es) in one portion to a solution of

2- Bronp-1- (4-fluoro-3-trifluoronethyl-phenyl)-propan-1 -one (2.78 g; 1.00
equiv; 9.30 mmles) 5in tetrahydrofuran (15 nlL). Stir the m xture at room
tenperature overnight. Filter the solids and wash with THF. Add the crude

azide (1.00 eqiiaved 29d,30nc0004r08nd @sifkdl, ﬂiﬂﬁe@uﬁng&@&}iﬂdfu@d"w@f kelotvh ph@& Yk phosphi ne
(1.06 equiv; 9.86 mol es; 2.61 g) and p-Tol uenesulfonic Acid (2.2 equiv,;

20. 47 nnﬁP%%mcﬁwgﬁnﬁﬁﬁﬂh tetrahydrofuran (15 nL) under 20 C. Stir the

m xt ure over nicgpourfds bmfmm@)&&chﬂmeicmﬁﬁamsmcwfm E&l@n&@s@fn@m&amg
(24% of the title_conmpound mz = 23

conpoundKoeFn fortkiliet pbisa- fgﬂeﬁa@rg @n#ayn%@f mwaﬁﬂé&fh@@szem%mza@“

descr Bbe%dy%e BregRad ﬁ&m@mopkanoz%ze@aﬁ@imm GORakHhoMBGcER)as phdshdiir141 1 8- A
2-Am no-1 -(4 trlfluoroneth

?y%%ﬁgropan 1 -one toluene- 4-sulfonic acid
sal t 217 chloriggang hoating & abput 8(y0§8 FrotrEtRRY s Re FYD LA £ sk e subsiHBtet o] uene-
4- sul f oniif4eaeddding@lcbndiohs 38H ke AL Fok ampR] DécRmpund of formula (a) where

-fl uorophenyl) - -one toluene- 4-sulfonic acid salt 210 18-D

ppan
2- Ani no- ¥19{%:if Eﬁow&ﬁﬁ@ﬁgﬁf)w BipaHre A BHEPEYF fen@etnesigcroieh athld salt 167

(chloromethyl)-4-fluoro-1,4-diazoniabicyclo{2.2.2]octanebis(tetrafluoroborate)] in a suitable

10 solvent or mixture of suitable solvents, such as acetonitrile and acetic acid. Moreover,
compounds of formula (a) where R} is alkyl or cycloalkyl are synthesized by methods known in
the art. For instance, dichloropyrimidine is reacted with cyclopropane carbaldehyde in the
presence of strong base such as LDA, in a solvent such as THF, at cooled temperatures to produce
the requisite alcohol. Oxidation in the presence of chromium (VI} oxide at 0 °C in a suitable

15 solvent such as acetone provides the required ketone, which is then reacted with hydrazine
hydrate in a suitable solvent such as THF at room temperature to provide cycloalkyl-substituted
pyrazolopyrimidine compounds of formula (7). Additionally, methods of producing compounds
where R® is alkynyl are known to the skilled artisan. For example, a chlorinated compound of
formula (a) trimethylsilylacetylene in triethylamine and a suitable solvent such as DMF and/or

20 THF using tetrakis(triphenvlphosphine)palladivm(0) (PA(Ph,P),) as a catalyst to afford the
ethynylsubstituted compound of formula (a).

The requisite piperidine compounds (b) may be prepared as illustrated in the following
scheme, where R', R%, RY, R® and Y are as previously described, and PG is a suitable protecting
group.

25 SCHEME 2



15 20 -19- Preparation 19 tert-Bu ty 1 4-(2-0x0-2 ’
-(3-(trifluoronethy 1)phenyBethylcarb a noyllp iperidine-1 -carbo 'Mate CF3
0 Add N-net hyl norpholine (13.0 nL, 118 mml) to a solution of 1 -(tert- :
5but oxycar bonyf | eridine-4-carboxylic acid (11.2 g, 48 8 mml) in THF
(400 ) aﬁ“3‘ﬁ”%‘§ﬁd stir for 5 nmin. Add isobutyl chl BYBPHPREEE 5.1 ni,

38 8 mmol ) and continue stirring at -10_C for 2 h. Add

2-am no-1-( 3- (trlfluoronethyl)phenyBetﬁ%none hydrochl oride (9.35 g, 39.0
mol ) and continue stirring for 1 h. Add nethylene chloride (500 nL) to the
m xture and filter. Wash the filtrate with sat. aqueous sodi um bi carbonat e
(400 nm.) and concentrate in vacua. Purify the 10residue by silica gel
chromat ography (330 g Redi Sep colump, eluting with a gradient of 0%to 100%
ethyl acetate: hexane, 60 L) _to pro |de efi®pbutyl 4-(2-oxo0-2-(3-
(trifluoromethyl)phenyBey iy Icarba X rldiﬁeié;:?rboxw atee (9.72 g,
60% . M5 (APCl): mz =318 [M - C5H30¥ # Hr The rebnpounds  of
Preparations 20 and 22- 5 TRy, be prepéred gssentially asR6§ Y ibed in
15Preparation 19. Preparatfﬁh ‘Conmpound Phy %I Dat a M5( AP %%20 tert-Butyl
4- (2- oxo- 2- (4- (trlfluoroneﬁhﬁl)phenyl) %{

et hyl car banoyl ) pi peri di ne- ar boxy+ate nif j 315 [M- C5H802 + Hr 21 22
tert-Butyl 4-(2-(4- chlorophgpyl) 2- (bh)

oxoet hyl car banoyepi peri di ne-1-carboxylate nmiz ---- 280 [M- C5H802 + Hr 23
tert-Butyl 4-(2-(2,4-dichlogpphenyl)-2- oxoqghylcarbi;ﬁ&Dpiperidine- 1

- car boxyl at e

N Na N

N . PG
. Ly ¥G HO
(m} 3

(5 () T

(p}

R
2
R B E N)S R\ _
J\/Bf % L
G =

Amine (¢) is reacted with a protected piperidine in the presence of suitable
coupling agents such as isobutyl chloroformate, 1-ethyl-3-[3-dimethylaminopropyl]-

5 carbodiimide hydrochloride (EDCY, or 1-propanephosphonic acid eyclic anhydride (PPA)
and an appropriate base such as N-methylmorpholine or triethylamine, in a suitable
solvent such as THF, methylene chioride, or N,N-dimethylormamide (DMF) at reduced
ternperatures to form amide compounds of formula {d). The subsequent imidazole
piperidine (b1), where Y is CR® is formed upon exposure of compound {d) to ammonium

10 acetate or ammonium chloride in a sealed vessel, or for compounds where R is H, upon
cxposure to microwave heat under pressure. Alternatively, compounds of formula (b1)
may be formed by reacting amidine (e) with an appropriate halo ketone in a suitable
solvent, such as DMF or acetone, in the presence of a base, such as potassium carbonate
or sodinm carbonate, followed by deprotection under cbnditions well-known to the skilled

15 artisan. Hydroxypiperidines of formula (b1) may also synthesized by reacting a phenacyl
bromide of formula (m) with formamide in the presence of heat. The imidazole (n) is
then added to a suitable solvent such as THF, cooled, and treated with 2 nitrogen
protecting group such as 2,2-(trimethylsilyljethoxy-methyl chloride in the presence of

sodium hydride while allowing the reaction mixture ic warm Lo room temperature (o



mz --- 315 [M- C51-1802 +HI- 24 tert-Butyl
4-(2-(4-fluoro-3-(trifluoronethyl)phen-yl)-2-

oxoet hyl car banoyl ) pi peri di ne-|-carboxylate mlz = 433 [M+ 1-1] 25
tert-Butyl 4-(2-(3-fluoro-4-(trifluoronethyl)phen-yl)-2-
oxoethylcaF%%%BVﬁéﬁvperidine-I-carboxyIate mz = 433 [Rﬁﬁﬁﬁﬁ%TMHfﬁo_
Preparation 27 4
154-12-(4-FIuoro-3-trif|uoronethyl-phéﬁYO-l-nethy1-2-oxo-ethylcarbanovll-p
peridine-1- carboxylic acid tert-butyl ester Add di net hyl f or mam de
(20 nL) is to a mxture of 2-am no-1-(4-fluoro-3-
frifluoronethyl-phenyl)-propanThone tol uene-4-sulfonic acid salt (900 ngy;

(1- 00 equi \éH) %roérﬂde mgag:bz@ﬁa)amareg%@mmzo upimgﬁw&@anﬂm&axel DENYzbIE mAEineh be
Boc- | np- 13. ! L. equi v, 65 mmol es t roomt erature.
Ad N ot hy | HEHBRH HER 8T asah a1 2 T u SR ek ATy hub e, above
sol ution, thendetreat@p afppamep a@ninderad d aydkiherealkiy flixindeis rdat&iGvigqui v, 3. 31
mmol es; 862. 14 pl) at. 0OC. .Varmthe nix e roomtenperature while
stirring for a%%%’r%%]ﬁt? Ly Sg’sfjﬁvggp?ﬁgm “exatnatél]lieo wv?nagohwaﬁfl(‘.fﬁg?mv\%%’ ﬁmt\}ﬁeﬁ B water, 1 M
citric acisd, awat éh to gat aomabeds Nahic(B, Tandcs af vratddtcdguetus agodisum chl ori de
and dry over 25N ( rifiy, I V. di ssol ving in CH2C12, | oading
onto a siIicéaggﬁgg%?ﬁéﬁﬂ§k%¥%%€§F%§%kﬁE§V%éB Cc to give 500ng (51% of the
title conpound. NBfeES)uircdymidines4ups b2 syniiesizad]as described inTFriwme drmpistrind®G of
Preparationsigpﬁﬁggéﬂ@%dggégggpared essentially as described in Preparation
[ d M5(ES) 28 ‘

27. Preparation Conpoun -21- Preparation
* SCHEME 3
(/SN OH HNyNH,
N NH, 8} :
) 5 ¥
kG b PG
PG
@ (h) (e
NG
O, . NH HN L NH
Cl% CIH 6
r'\P CIH Tﬁ
PG PG

Amidine (¢) is readily produced from nitriles. More specifically, hydroxylamine
hydrochloride dissolved in a suitable solvent, such as water, is reacted with
cyanopiperidine (g) in the presence of a base such as sodium carbonate in a suitable

13 solvent, such as in methanol and exposed to heat 1o provide the hydroxycarbamimidoyl-
piperidine (h). The hydroxycarbamimidoylpiperidine (h) in a suitable solvent, such as
acetic acid, is then hydrogenated via palladium catalyst in the presence of acetic acid

- anhydride under pressure to provide amidine (e).

Alternatively, a carboximidic acid (j) is formed by dissolving cyanopiperidine (g)

20 in asuitable solvent such as methanol, cooling, then reacting with hydrogen chloride gas.
The amidine 18 then produced by treating carboximidic acid () with ammonia in

methanol, then saturating the mixture with ammonia gas.



Compound MS(ES) 29 4-12-(2-Chloro-5-trifluoronethyl-phenyl)-2-o0xo- mz

449 30 et hyl carbanoyl ] -pi peridine-I-carboxylic acid tert- butyl ester
[ Mb+1-1] 442-(3-Fluoro-5-trifluoronethyl-phenyl)-2-oxo- nfz = 433 31
et hyl ear banoyl kpi peri di ne-1-carboxylic acid tert- butyl ester LI\/Hr- 1-H
442~ ( 2- FI uboO8¥ P47 | uor onet hyl - phenyl) - 2- oxo- nf z = 4HF/EH008/062143

et hyl car banoyl | - pi peri dine-1-carboxylic_acid ten- butyl ester [Mt+1-1]
Tert- butyl 4-(1-oxo-1-(4- mz = 428.2'32-A

Et ri H uor orret hyl ) phenyl ) pr opan- 2-yl car banoy1] - pi peri di ne-1-carboxyl ate
M+

The skilled artisan will appreciate that not all of the substituents in the compounds
of Formula 1 will tolerate certain reaction conditions employed to synthesize the
compounds. These moieties may be introduced at 2 convenient point in the synthesis, or
may be protected and then deprotected as necessary or desired. The skilled artisan wili

5 also appreciate that the protecting groups may be removed at any convenient point in the
synthests of the compounds of the present invention. Methods for intrbduoing and
removing nitrogén protecting groups are well known in the art; see, for example, Greene

and Wuts, Protective Groups in Organic Svnthesis, 3* Ed., John Wiley and Sons, New

York, Chapter 7 (1999). Furthermore, the skilled artisan will appreciate than in many
10 circumstances, the order in which moieties are introduced is not critical. The particular
order of steps required to produce the compounds of Formula | is dependent upon the
particular compound being synthesized, the starting compound and the relative lability of
the substituted moieties.
The abbreviations, symbols and terms used in the examples and assays have the
15 following meanings: BuOH = butanol, DCM = dichloromethane, DMF = N,N-
dimethylformamide, EtOAc = ethyl acetate, EtOH = ethanol, MeOH = methanol,
PA(OH),/C = pailadium hydroxide on carbon (Pearlman's catalyst), h = hour(s), LDA =
lithtum diisopropylamide, EDCI = 1-(3-dimethylaminopropyl}-3-ethylcarbodiimide
hydrochloride, Et,O = diethyl ether, BN (or TEA) = triethylamine, NaBH(OAc); =
20 sodium triacetoxyborohydride, TBAF = tetrabutyl ammonium fluonde, Tf,0 =

trifluoromethancsulfomic anhydride, THF = tetrehydrofuran.

Preparation }

2-Bromo- L-(2-fluoro-5-trifluoromethyl-phenyl)-propan-1-one
F F
F

Br
25 F O
Slowly add a sclution of bromine (3.34 g, 0.95 equiv) in dichloromethane (80.00
mL}io a solution of 2-fluoro-5-(triflucromethylpropiophenone (5 g, 22.03 mmol) in

dichloromethane (80 mL) is with stirring so that the brown color of bromine just



Tert- butyl 4-(1-oxo-1-(3- mz = 428 32-B

(trifluoronethyl )phenyppropan 2- yI car B&noyl k pi per| di ne-1-car boxyl ate

[ MF+14] left- butyl 4-(1l-oxo-1-(3-chloro-4- mz 412 32-C

fl uorophenyl ) propan- 2-yl carbarnoyl | -piperidine- 1- car boxyl ate [ Mt+H]
Tert- butyl 4-(1-oxo-1-(3-fluorophenyl)propan-2- mz = 378 32-D

yl car banoyl kpi peri di ne-| -carboxyl ate [ Mt+H  Preparation 33
4-(4-(3-(Trifluoromet hvfl phenyl)-1Hi m dazol -2-vl| pi peridine M crowave
heath ? m )l;t ur @isefpeher W—aﬂuhé’feae’%mﬁanﬂXﬁﬂZt-h(SBtufaﬁd‘diNmsﬁﬁ‘?bhyIN)afﬂmrayd)-

5et hyl ear banoyDpi per i di car,box te (2.5 g, 6.09 mol) and NH4Cl (1.68
g, 31.4 ﬁﬂ‘ifﬁlj%/ erf%f%f‘ﬁé%@é’écwﬂﬁm TE00W 120 C, and 200 PSI for 16 h in a
CEM Di scmgswﬂmm{mm@rat us. Cool the m'xture to roomtenperature.
Repeat the pr edure a secong rtion of t 3}/ described i

4- ( 2- oxo- 2- ( 3- f‘? PORTOHBASG FERYFYPh ﬁ%&aﬁ f BEPBE ﬁla as described 1n

pi per 5di mephragaf hoxyl ate (2.35 g, 5 67 mmol) and NHACL (1.8 g, 33 6 nml)
in ethanaol 1n(')n I"__) -z ng t-he—same-—m-crowave—and—-heati-ng nrnnr Cool

t he m xt ug =;,(aﬁ;slpcmterrper ature. Repf@dunidhe above procedure %Sﬁ'ﬁ "[%hl rid
portion Pnrf-hlf\ll 4-(2-0X%X0-2(3=

(trifluar nmn'rzh\/l A Rémmsriwrwmmﬂummmm-a@ Y

mol ) and_NHACL (1. 34Bfo-bE-thlgserdttileqroragthylmhenyp) eghanene o qnnéﬁiamg C. and
200 PSI for 1 h i %Brﬁmb%ﬂwr%ﬁmﬂwqwthmmny teEhapenet Iy e t 0 28 HAm
t enper atlur e, Conbi ne?~ -Brysnchbrt - feso-S 1ifipsonpgthbphenyBicthiapenegel — andS8Eancentlr at e

in vacug. Purjfy the Pdsbuerd- ~(byrithiordnesthylyehenahoar-bgnaphy (120 sg1Redi Sep
colum, ‘el uti nCI wiith a gradient of 0%through. 100%

5-B 2-Bromo-1-(3-trifluoromethyl-phenyl)-propan-1-one 281.2
5-C 2-Bromo-1-(3-chloro-4-fluorophenyl)-propan-i-one 265.2
5-D 2-Bromo-1-(3-fluorophenyl)-propan-1-one 2312

Preparation 6

2-Amino-1-(3-(trifluoromethvliphenyl)ethanone hvdrochloride
Add 3-(triftuoromethy!)phenacyl bromide (10 g, 37.4 mmol) to a solution of

10 hexamethylenctetramine (HMTA) (5.80 g, 41.3 mmol) in carbon tetrachloride (100 ml). Stir at
Toom temperature overnight. Filter the precipitate and suspend the filter cake in ethanol (200
mL). Dilute the mixture with concentrated hydrochloric acid (28 mL), and stir the mixture at
room temperature overnight. Filter the precipitate, and concentrate the filtrate in vacuo to provide
an off-white solid. Recrystallize the solids from hot 1% concentrated hydrochloric acid in 2-

15  propanol taking care not to.cool below room temperature to provide 2-amino-1-(3-
(triffuoromethyl)phenyl)ethanone hydrochloride (7.67 g, 86%).
MS(APCI): m/z = 204 [M + H].

The compounds of Preparations 7 and 9-14 may be prepared essentially as described in

Preparation 6.

20
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-22- CMA: net hyl ene chl ori de,

4- (4-(3-(trifluoronethyl)phenyl)-1Hiri’dazol - 2- yppi peridine (3.40 g,
M5 (APCI):

Conmpound

mz

Physi cal

296 [M +

3 L) to provi

de

759% .

The conpounds of Preparations 34-35 may
be prepared essentially as described in 5Preparation 33. Preparation
Data 34

4-(4-(4-(Trifluoronethyl)phenyl)-1H m dazol -2-yl)piperidine M5 (MCl): mz =
296 [M+ fl] 35 4-(4-(2,4-Di chl orophenyl)-1Hi m dazol - 2- yOpi peri di ne M5
(ES): M Z preph@tiqnM + El |  Redgpomin@e Prepar@ation 36 Physical Data
4- (4- PhenyT - 1H-| m dazohmd-1 Y4 pinpabmehng hydysqhbaoni de -Meremwaug heat | a
m xture of tert-but yj}en&r)aﬂa;@x@hﬁ:dameﬂ&d et hyl car banmoyl) - pi peri di ne- 1-
10car boxyrateg(1.07g, 2.88 nnol) and NHACI| (0.462 g, 8.65 mmol) 1 n ethanol
(12 nl) at 300W 168 Aemindlid4 Miokpkerk DT 11 P MR (CRASORAbS, CBEhL Y
m cr OW?VG- Codl t he ofilxhlhQirb@1dReM t enper amr & 69-adf (&l birCa 598! 21(1 n), and
concent r ate—ttre T tz_megl A (NFGH0-3- Purifyt (‘ﬂﬁs@)‘ff SR G&
chr omat ogr aphy; (80 g e ; I r )ugh
100% CNVA/L net hg;ll ene % rB’EH @tﬂ}gﬁrw@haﬁbw ﬁérgag% SQLA’
4- (4- phenyt= J.n'lllll ﬂ"mnl(? pUIIUIIIU 96805%§l ||-/\,hite
solid. Add 4-(4-phe % 5 L ??ﬁéé &E)e eﬁ 92H ) to
met hyl en¢ chl dni de E‘C§ rﬁg] cen rat ed %%@i& % fma gés: _).
Stir the|m xture f( d then concentr vacua
rOVi de 4 l4 nll\,ll :IL II m | CT ; d T d OC -ord n n7n €} 990 .
R/B(APCI mz - §¢§F ‘ﬁ ‘ﬂuorﬁ' gorrpo %%Egt rag?/jaae g
prepar ed| essenti al | )ﬁ" r PR ¢ BPEpayl Q% nmpound
Physi cal | Data 37 m‘;h oride > S).
2-Aming-1-(2-chloro-3- MS(ES): m/iz = 238.2 [M +H]
13 trifluoromethyl-phenyl)-ethanone
hydrochloride
2-Amino-1-(2-fluoro-5- MS(ES): miz = 222.2 [M + H]
14 trifluoromethyl-phenyl)-ethanone
hydrochloride
15
16
5
10

15



4- (4-(4-Chl orophenyl)-1Hi m dazol -2- yl)piperidine hydrochl oride M5 (APCl):
mz =262 [M+ 11] Preparation 38 -18-

25444- (4-Fluoro-3-(trifluoromethyl)phenvl)-1Hi m dazol - 2-y1) pi peri di ne
hydrochl ori de -23- M crowave heat a mixture of tert-butyl
4-(2-(4-fluoro-3-(trifluoronethyl)phenyl)-2-

oxoet hyl car banoyDpi peri di ne- 1-carboxylate (1.7 g, 3.92 mmol) and Nn4Cl
(0.579 g, 10.8 mmol) in ethanol (17 nlL) at 300W 120 C, and 14 bar for 12 h
in a Personal Chemi stry mcrowave.Préosdtionh® m xture to room tenperature and
2050y Rl ks SNBSS SHS o R L SR AS o SUE OEC D01 2PN
chl ori de over A30 stdinin aridk (6ad.od at; 11@0IEMA7E @mobr) iaddké pdrdeetb a3@utdomf 100
L) B @St hylshenylpropan-L-one (278 g: 1,00 equiv; 930 mmoles)

(4- (4-f 1 GOPBRS (ETPP TP SRRy Y e I omE - pcdaZ B DUV HRT 1t PEoRe (s00
My, 53% .in YBalyAREIn (1) 33k thdhiktdr] at rSuspenerature overnight. Filter the solids and

4-(4-(4-fluoro-3-(trifl uorqmet hen -1Him ol -2- i i di ne (250
o 100, BoShroh ) ARG Toot MR PSR paE T as e a e (2 i
di et hyl efifiefiylpidspl& (06 edhi8O.86mmhles; Bb1 £) aatl priadmentselfpes Atid(22 E@iv;30 m n.

Concentrate_the m re in vacuo, d .add € 15 L)  and acetopitrile (5
m). Freeld’ &?%Pfﬁshgggf#)ﬁ‘ iAoy @B&“‘gﬁn%‘%?@ o %‘”‘éﬁ% ?’%ﬁm S’rf’{/m%%{%'ep%‘%r{i din
vacua at t30Q1E tfe@rvazh Rith THARLS et 920mg (24%) of the title compound.

4- (4-(4-11 uoro- 3- i.f met hyl ) phenyl) - 1H-i m dazol 2- yppi peri di ne

hydréém M?@é)iﬁézﬁa#é&wmte solid (220 ng, 79%. 15 MB (APCl): mz = 314
[M+ H . Prepamatmmud® of #rdpdiaBorks|i BOKRA S84 fby bd propirainmsichydlly as described in
phenyl)-1Hi m.dazol - 2-yl ) pi peri di ne hydrochl oride M crowave heat a m xture
of tert- BT fgz-(B-f | uor 0-4- (trifluoronethyl)phenyl)-2-

200xoet Hyl car banoyl ) pi peri dine-1 -carboxylate (517 ng, 1.19 mspkg): arid NHACL
(350 ng,! BreBATagABi)) in ethanol (2 FTPU™300wW 120 C, and| 200 BSHEW t h
power maX on_Tor 122 Rulify-a(LMubloseByYBhend]) GiepaRY &ne (et he m 55@26 to room
t enperatiure'éMd add silica gel (+&i@hicaBdEdl& the residue by silFta gel

chr omat agiraphy (40 g ARa&H-BePirERbleftihy BhathB-piérah-1 dng fcginent  of 0%;7t hrough
100% CMVAJmet!hB end chl ori de over4.6ffoRtBeid4dk nL/ m n) to provide

4- (4- (4-FTUoT0- 3= [ZBHThd | nEaRe LYol Rh SphFF LR addab- 2- yOpi per i di ne
(228 ny,; 61%-Cas an?%ﬁ-v\h??e smmg@fmﬁ@@ﬁ?}ﬁ plp)la: mz = 314/ [M + &]0.

Di ssol vgtte produci. A Z3 TR 21 Znikdiuald _afgdszhydrogen chl orilde
(2 Min (diethy etﬁier, 95%%1&030#(%@{3}’&%??3% roomtenperature for 3% nin
Concent rated-the mxture-inm vacuo, add water (10 niL), and freeze-dry to
afford 4-(4-(3-fluoro-4-(trifluoronethyl)phenyl)-1H

30i m dazol - 2-yl ) pi peri di ne hydrochloride (29 ng) as an off-white solid. M
(APCl): mz = 314 {Mt H. Preparation 41

54( NFydr oxycar bani mi doy1) - pi peri di ne- 1-carboxylic acid tert-butyl ester.

Di ssol ve hydroxyl am ne hydrochloride (1.65 g; 4.99 equiv; 23.74 mmoles) in
water (5 nL) and add sodi um carbonate (2.53 g; 23 87 mmol es). Pl ace

4- cyano- pi peridi ne-|-carboxylic acid tert-butyl ester (1 g; 1.00 equiv; 4
76 mol es) (Astatech) in a snmall vial and dissolve in nethanol (6 niL; 148.25
mol es), then add to the flask containing the hydroxyl am ne. Heat the

20
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10 mixture to reflux with stirring and hold for 3 h. Renove the nethanol by
evaporation and extract the aqueous |dyer with ethyl acetate (2 x 100 nlL).
Wash the conbined organics with water (1 x 100 nL), dry over nagnesium
sulfate, filter and concentrate to a white solid. thy under reduced
pressure to obtain 1.05 g (91% of the title conpound as a white solid.
LCMS: nmfz = 188.2 [M- tBu, M+ H 15 Preparation 42

4- Car bam m doyl - Mperi di ne-|-carboxylic acid tert-butyl ester Di ssol ve
4- (N- Hydr oxycar bam m doyl) - pi peri dbmgardtioadpboxylic acid tert-butyl ester
(9.7 g 1.00 e%w 4 39 9 nu-- nh s ha ol 300 h ang d chf c acid (2
equiv, 20 Aol g WetpylearRamarDipipenidines Ni ckel

@En hydrogenate vvlth 1 ATM hydrogen gas
m xture through Celite and concentrate

e soli Qi ethyl ether, filter and dry
39Hg

for 4.5 hours. Filter the react
under reduced pressure. Suspend
under reduced pressure to give 1Q.
4- car bam m doyl - pi peri di ne-1-cap acid S5tert-butyl ester. M5 (ES):
mz = 228 [MH . Preparation 43 4-Cardam m doyl i nperi di ne-1-carboxylic
acid tert-butyl ester acetic acid salt 10 Add 10% Pd/C (0.079 g; 37.12
umol es) to 4- (ANdPyaebxiyroahbne ¢80y ) Linpeb i sbutipn of iféxy| i ¢ aci d

tert-butyl, 0§§()d ouygﬁﬁén@;ge 41:31%9}(3%9%1&(1132 g§118 @%{9?&1 T‘HcP (@Q@&Lfatam‘@(fné5 m;

261.7 mm etic acid Fi\% Hydr ogenat e
at room tsénfoe? ainrAedfignbutyl ﬂﬂmaﬁf’ﬂme GSSI mL rggémﬂll) WOWHN@ Sﬁﬁﬂtﬂg 6‘gé‘91

rovi de t rOV|de
4 oy 3%22 ) &J%zaanﬁﬁ@ e Eﬁg&&gﬁ%\ﬁﬂgﬂ%@i)@ﬁgﬁ&@ 'hk/&ébéh%rﬁ@@ £4 é 380 rﬁn‘ibl)o e
Prepar at japdh coﬁs&nuezstlfnn‘g.ﬁqg e dsrogsdenglciloridg {500 mL) to the mlxture and filter. Wash
-imdazo ltﬁezﬁiﬁ!it‘e wﬂh P& ra{ éoﬂ? sJ?%gﬂ BEJ}L&{aieqz@ooﬁﬁ%)t and c%ﬂ%n vacuo. Purify the

4- Di am nonet pi per| I ne-1-carboxylic acid tert-butyl ester acetic acid
sal t 120( G%dungy siliga @Ocheepyitography 333 GraitedeSsp cplnmy ahsingyiteransitdotied 0040 ni;

129,33 myghesh, Ak A40:ROUIPL AT LROIASSI HICARRARALE. (1400 mo; 10.13

nmol es) nutes at r tenperature then a

2- Br on- LrifBomhikdydphemdieiiyicadeheri mirstifinadgaihgsyige 69072rﬁ9r6‘i3°é)5) di ssolved in 4
m. DMF dng to, t oom tenperature. After 3 h, dilute the
reaction §¥h e% ;9/ g’gfé t?gﬁ%zahﬂh with 50% aq. sodi um bi car bonat e. Dry

the organic | ﬁmpomwnd%ﬁ@rww@msﬂﬁta@d 22Bf it kerprepyrpdcanseiedy padescribed & crude
0| I gurlffrg JHsbing | SCO chromat ography over a bi otage 40M col um, eluting

a grad] ent _of DCMto 6%eQH DCM Concentrate the t)t)]rﬂgorlialt)e\t fractions

to glvec eld of 4-[4-(3-Ch lienyl) - 1H ysical Data

-i mi dazol %% '%h peridi ne-1- Cal’%gl&e?llg acid tert-but eMSMPCHNE (FS):

mz = 262.0 [ ot H] tert-Butyl 4-(2-oxo-Pids¢oflupeontdiyd)pB:0@ or o4 prenyiSilM 1 H

-i m dazol|- 2-vyl pl pé rethdicaaihed widsostipt-il cadoidate er t 30but vl CedCerr HI171 ny;

472.54 'nol es)2tin di chl oronet hane (3 nm; 46.80 nmoles) and -26-

(2.7 g). Heat the reaction to 50@

2 tert-Butyl 4-(2-(4-chlorophenyl)-2- m/z = 280 [M -
oxoethylcarbamoy})piperidine-1-carboxylate CsH:0, + H]”

23 tert-Butyl 4-(2-(2,4-dichlorophenyl)-2- m/z=315[M -
oxoethylcarbamoyl)piperidine-1-carboxylate CHzO, + HTY
tert-Butyl 4-(2-(4-fluoro-3-(trifluoromethyl)phen-yl)-2- _ +

24 oxoethylcarbamoyl)piperidine-1 -carboxylate m/z =433 M+ H]

25 tert-Butyl 4-(2-(3-fluoro-4-(trifluoromethylyphen-yl)-2- iz = 433 [M + H]

oxoethylcarbamoyDpiperidine-1-carboxylate

20



slow y add hydrogen chloride (4 nL; 16.00 mmoles) ( 4MHCl1 in di oxane) at
roomtenperature. Stir the solution 1,4 Concentrate in vacuo (2 x DCM to
give 4-[4-(3-Chl orophenyl)- 1H -im dazol-2-yl] -piperidine hydrochloride
salt. M5 (ES): nil: = 262.0 [M+ 11]. 5The conpounds of Preparations 45-47A
may be prepared essentially as described in Preparation 44. Preparation
Compound M5 (ES): mlz = [M +11] 45 444-(2, 4-(2, 4- phenyl)-1Hi dazol - 2-yl k

pi peri di ne hydrochloride salt 264.0 46

444- ( 3- Chl or o- 5-f |l uoro- phenyl) 1H i m dazol - 2-yl k pi peridi ne hydrochloride

280.0 47 47-A tert-Butyl (4 (Wnyl) 1H i m dazol -
yl) pi eridlne-l-car ) | .
1- Behzvl 4pi2o@rFluemgess Bylsabpmoyil-piperifiiped- 1 (g

equi v; 65 269 mol es) ; benzaégggﬁgﬁzkiigﬁlﬁgg@merB 533 mmol es; 7. 0 nL)
then sodi umtri acet oxybor ohydr mol es; 18.73 g)° t

294 v/ v) aceti radéduzdettxmlfd:refcmﬂgldlmw mto(aztﬁﬁmm:pf &r@dllswﬂlf("rrfhpmiﬁy unt| I
conpl et e, e th e tat and with,s odi | car bonat e,
sat ur at eH? tﬁtﬂﬁ E@V\fs lbnp%?ﬁ’a&r’ 4B 1§ ?%Peﬁ'va‘ﬁp aﬁf q9p§ g{;ﬁ StAte under
reduced pr %%ﬁx%fes)t d9- E@c%gnegdﬁlem LarbBhARUHEHR- Iﬁfﬂrﬁr) (61398 rig) L1)20
15filter, and slowy add m. 1M HCl i'n ether. inice bath. Filter,

ri nsz0 wi bd;mei héd mmtﬂyS) lahm@m teaeatvgn @xdddﬁrmhylmrm@ng (4.87 e@uvikiolt, 83%)
1-benzyl ancﬁgsr Iid 46 mL) fothe 2 onvetsoiultion then 1-propanephosphonic acid cyclic anhydride
(1.50 eguiv; 3.31 mmoles; 862.14 pL) at 0°C. Warm the mixture to room temperature
while stirring for one hour. Dilute the mixture with EtOAc, wash with water, 1 M citric
acid, water, saturated NaHCOs, and saturated aqueous sodium chloride and dry over
25 Na,SO4. Purify the residue by dissolving in CH,Cly, loading onto a silica gel column and
eluting with EtOAc to give 500mg (51%;) of the title compound.
MS(ES): m/z =445.2 [M - H}.
The compounds of Preparations 30-32D may be prepared essentially as described
in Preparation 27.

Preparation Compound MS(ES)
28 '
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Preparation 33

4-(4-(3-(Trifluoromethvl)phenvl)-1H-imidazol-2-vl)piperidine

Microwave heat a mixture of fert-butyl 4-(2-oxo0-2-(3-(trifluoromethyljphenyl)-
ethylcarbamoyl)piperidine-1-carboxylate (2.5 g, 6.09 mmol) and NH4C1 (1.68 g, 31.4
mmol) in ethanol (20 mL}) at 300W, 120 °C, and 200 PSI for 16 h in a CEM Discover

microwave apparatus, Cool the mixture to room temperature. Repeat the procedure with

a second portion of tert-butyl 4-(2-0x0-2-(3-(trifluoromethyl)phenyl)ethylcarbamoyl)-
piperidine-1-carboxylate (2.35 g, 5.67 mmol) and NH4CI (1.8 g, 33.6 mmol) in ethanol

(20 mL) utilizing the same microwave and heating program. Cool the mixture to room

temperature. Repeat the above procedure with a third portion of terz-butyl 4-(2-0x0-2-(3-

(trifluoromethyl)phenyl)ethylcarbamoyl)piperidine-1-carboxylate (2.0 g, 4.82 mmol) and
NH;Cl (1.34 mg, 25.0 mmol) in ethanol (15 mL) at 300W, 160 °C, and 200 PSIfor 12 h

in a microwave apparatus. Cool the mixture to room temperature. Combine the batches,

adsorb onto silica gel, and concentrate in vacuo. Purify the residue by silica gel

chromatography (120 g RediSep column, eluting with a gradient of 0% through 100%



336.0 Preparation 54 4-15-(3-chloro-4-fluoro-phenvl)- 1H

-i m dazol - 2-v11- pi peri di ne di hydrochl &¥rde -28- Di ssol ve

1- benzyl- 445- (3-chl oro-4-fl uoro-phenyl)- | H -imdazol -2-yl kpi peri di ne
(1.00 equiv; 1.595 mmoles; 590 ny);,

N, N, 1\ 11, N-tetranet hyl- 1, 8- napht hal enedi am ne (1 equiv; 1.595 mmol es; 341.8
nmg) in 1,2-dichloroethane (12 nL) and cool in an ice bath. Add

1-chl oroet hyl chlorofonnate (3 equiv; 4.785 nmoles; 517 gL) and warmto
reflux faeMA:nkRoylene S0aidel DLRE paRic3-(Bi(d{efludbhotighphdnytm pinigasi-bi ca gel

rinse wt to give 760 ng foam Dissolve in MeOH and heat to
ref | ux féBmggggﬁﬁgag '§5frate to give 556.3 ng (99%
445- ( 3- cmhppgxﬂyﬁhgeag@hanﬁﬂ) 1H -i m dazol - 2- yIkpiperidine dihydrochloride

as a yellom1f OThe _of
Preparatlons 9 &FH%PEP@ﬂﬁpégggggﬁﬁP?3@%@“&?“@8@ r QHQV%‘%reparation
54. P5ep@h§@@@@1£pnpound M5 (ES): mlz [M+ I1] 55

445- (4- chl-oro-3-trifluoronethyl - hnn\'1) 1H-~i-m-dazoel-—2-y1l-piperi-dine
di hydr ochl Rieparation og 445-(3 C’d’ opﬁdnrn phenyl)-1H PhYﬁc&éDma 2

yl | - pi peti di nesdi hydidétit é?f?fh*@rwﬁlﬂ)lﬂ?%@ﬂé‘u onts BitpcAft4n 4Bk paragphenyl ) -
1H -i m dazol.-.2-v11- N\ migﬁﬂ“ﬁ’@ﬂl’mﬁg%%at e 1-Benzyl-444-(4-fluoro-phenyl)-
1H -i m dazol - 23y 11- pi i 9THpP 2/|Gy r t@l yst

L dpol L e aors o) 2] Rl rmaoppasig yo0)
concentrate to yield the title conpound as an oil. M5 (ES): mz = 246.0 [M
20The conpounds of Preparation SOAEY Prpamstieh¥r ed essential ly as descri bed

in Preparation 57. Prepamabi @R imidazol-2-yDipiperidine hvdrochloride

Microwave heat a mixture of rerr-butyl 4-(2-0x0-2-phenylethylcarbamoyl)-piperidine-1-
10 carboxylate (1.0 g, 2.88 mmol) and NH,CI (0.462 g, 8.65 mmol) in ethanol (12 mL) at 300W, 160

°C, and 14 bar for 11 h in a Personal Chemistry microwave. Cool the mixture to room

temperature, add silica gel (5 mL), and concentrate the mixture in vacuo. Purify the residue by
silica gel chromatography (80 g RediSep column, elute with a gradient of 0% through 100%
CMA/methylene chloride over 60 min, 60 mL/min) to provide 4-(4-phenyl-14-imidazol-2-

15 yDpiperidine (0.418 g, 64%) as an off-white solid. Add 4-(4-phenyl-1F/-imidazol-2-yl)piperidine
(0.060 g, 0.26 mmol) to methylene chloride (15 mL) and concentrated hydrochloric acid (28 uL).
Stir the mixture for 45 min, then concentrate the mixture in vacuo to provide 4-(4-phenyl-1H-
imidazol-2-yl)piperidine hydrochioride (0.070 g, 99%).
MS (APCI): m/z =228 M+ H]L

20 The compound of Preparation 37 may be prepared essentially as described in Preparation
36.
Preparation Compound Physical Data
37 4-(4-(4-Chlorophenyl)-1 H-imidazol-2- MS (APCI): m/z =262 [M
yl)piperidine hydrochloride + H]

Preparation 38
25 4-{4-(4-Flaoro-3-{trifluoromethvlphenvl)-1 H-imidazol-2-vl)piperidine hydrochloride




Conmpound M5 (ES): nalz = [M+ BO 58 59 444-(3, 4-Di fluoro-phenyl)- 1H
-imdazol - 2-y13- pi per|d| ne (NHACOR2) 264.0 -29- Preparation 60 tert-Butyl
4-(4-(3-(trifluoronethyl)phenyl)- 1H

-i m dazol - 2-yl) pi peri di ne-1-carboxyl ate Add
4-(4-(3-(trifluoromethyl)phenyl)- 1H -im dazol-2-yl)piperidine (795 ny,
2.69 mmol) to a solution of CH2C12 (25 nL) and THF (25 nli) under nitrogen
foll owed by 5triethylamne (0.985 nL, 5.64 nmol) and di-tert-butyl

di carbonate ( %Groﬁ@ve FeaO@bmianpd of. ierBbity] 4-(264Mlustod-@rifiiordany! fpepdrat ur e

overni O QUSTL sl e Tl S b vesu and Gt e R ety
0%to 10@%@5&@}/ 17aqgtaasaem eX@NESnd DVEF f0352 fTi 2 B&sorhy MHem)stityOnipoeuiede
T daz ool FHTBbI RO Rar DAt Db fanrits P gesiiee B ¢
solids MohloARGE)aphy 320 & R388ed dWhutntdlute w1th a gréEE@t clypaunde.afM Rmepalati on 61
T b RO SaS Bl o Pl B L R OB sty on
- i m dazol@42- ﬁ@:ﬁb-@&frifﬂbmre&lyg;afebﬂxyj{axhﬁafvﬁz%ngmdmmta)o 3985 Mg H] .
(APCI): m/z=314 M +H].
Suspend 4-(4-(4-fluoro-3-(trifluoromethyl)phenyi)-1 H-imidazol-2-yhpiperidine (250 mg,
10 0.80 mmol) in methano! (20 ml.) and add hydrogen chloride (2 M in diethyl ether, 0.798 mL, 0.80
mmol). Stir at room temperature for 30 min. Concentrate the mixture in vacuo, and add water
{15 mL) and acetonitrile (5 mL). Freeze-dry the mixture to afford an off-white solid. Dry the
solid in vacuo at 100 °C for 2 h to afford 4-(4-(4-fluoro-3-(trifluoromethyl)phenyl)-1 H-imidazol-
2-yl)piperidine hydrochloride as an off-white solid (220 mg, 75%).
15 MS((APCID: m/z=314 [M +H]L

Preparation 39
4-(4-(3-Fluoro-4-(trifluoromethvliphenv]}- 1 Fl-imidazol-2-vhpiperidine hvdrochloride

Microwave heat a mixture of fert-butyl 4-(2-(3-fluoro-4-(trifivorometbylyphenyl)-2-

20 oxoethylcarbamoyl)piperidine-1-carboxylate (517 mg, 1.19 mmol) and NH,Cl (350 mg, 6.54
mmel) in ethanol (2 mL) at 300W, 120 °C, and 200 PSI with power max on for 12 hin a CEM
Discover microwave. Cool the mixture to room temperature and add silica gel (~5 g). Purify the
residue by silica gel chromatography (40 g RediSep column, elute with a gradient of 0% through
100% CMA/methylene chloride over 60 min, 40 mL/min) to provide 4-(4-(4-fluoro-3-

25  (trifluoromethyl)phenyl)-1 H-imidazol-2-yl)piperidine (228 mg, 61%) as an off-white solid. MS
(APCL: m/z=314 M+ H]

Dissolve the product (29 mg) in methanol (2 ml.) and add hydrogen chloride (2 M in
diethyl ether, 95 uL) and stir at room temperature for 30 min. Concentrated the mixture in vacuo,
add water (10 mL), and freeze-dry to afford 4-(4-(3-flnoro-4-(trifluoromethyl)phenyl)-1#-

30  imidazol-2-yl)piperidine hydrochloride (29 mg) as an off-white solid.

35



15Preparation 62 tert-Butyl 4-11-net hyI 4-(3-(trifluoronethyl)phenyl)-
111i dazol - 2-yl ) pi peridine-1- carboxyi 24te Add tert- butyl 4-(4-(3-(t

uor orret hyl ) phenyl) - 1H -i m dazol - 2- yppi peri di ne-1- carboxyl ate (540 ng,
1.36 mol) to diethyl ether (100 nL) and cool to O C. Add 20sodi um hydri de
(55 mg, 1 5 mol, 60%in mneral oil) to the mxture followed by nethyl
iodide (0.142 m., 2 72 mmol). Stir the mxture for 1 h at 0 C and warmto
roomtenperature. Add THF (40 nL) and stir the mxture for 12 h.

Concent r (AP m/xtareManrd. purify the residue by silica gel

chromat ography (120 g Redi Sep columm, elute with a gradient of 0% to 100%
et hyl acetate: hexane, over 40 mm 85nL/mn) to provide ten- 25butyl
4-(1-methyl -4-(3-(trifluoromethyl)phenyl)- 111 -im dazol -2-yQpi peri di ne- 1-
carboxyl ate (425 ng, 76%. MS (AP qie 43 410 [M + H]. The
conpound of Preparations 63 and 6%‘6‘9’6 Y pr epar ed essent | aI ly as
descrfbed i n PrepariaidroncoRamiiidepipi : 1E

Prep 2t on BN ERER RL0R0 4 81 | P ol 9?4%1110163;)1?33%6{&% ne- 1-

car boxy!| ailg aM=edgARGE) cafitnzitey241@; T0\F d'd}xoles'j Rlat:@ﬂlt -tyaBoHpipleridine-1 -carboxylic

T\l/BE ésg S gmrﬁggv& ﬁ%(}gﬁbgg?%%%ﬁ ngﬂole @Gé%ch i hBLRES L f&silc gar boxyl ate

- Met hyl - %d}&n&ﬂ(ﬁ inf} LBrsMRhbIY)) thdvey 19 the ﬂik&kcbmﬂmgmﬁe-}@dx;okylpnmer Helitde

di hydr.ochl.ori de Add h dr agen h 4 Min 1
to aqéol GG 1oF ﬁf’é?"{t 1&1 d(()frfr ﬂgt]&%ovﬁ ﬂ(%m%d?am yueg?%drahtoﬁy]il% p%rgcr%y 1)- 1H
- i m dazoltheZaqidoppiap@ it et hcetate (2 x 100 mL). Wash the combined organics with water (1 x

100 mL), dry over magnesium sulfate, filter and concentrate to a white solid. Dry under reduced
pressure to obtain 1.05 g (91%) of the title compound as a white solid.

LCMS: m/z = 188.2 [M — tBu, M + H]

15
Preparation 42
4-Carbamimidoyl-piperidine-1-carboxvlic acid tert-butyl ester
Dissolve 4-(N-Hydroxycarbamimidoyl)-piperidine-1-carboxylic acid tert-butyl ester (9.7
g 1.00 equiv; 39.9 mmoles) in methanol (300 mL) and add acetic acid (2 equiv,
20
25

30



carboxylate (400 ng, 1.10 mmol) in CH2C12 (10 nL) at O C under nitrogen and
stir for 2 h. Concentrate the mixture<n vacuo to provide 4-(1-nethyl-4-(3-
(trifluoromethyl)phenyl)- 1H -im dazol -2-yDpi peri di ne di hydrochl ori de (435
ng, >99%. Ms (APCl): mlz = 310 [M+ H]. 10The conpound of Preparation 65
may be prepared essentially as described in Preparation 64. Preparation
Conmpound Physical Data 65 4-0 -Methyl-4-(4-(trifluoronethyl)phenye- 1H -

i m dazol - 2-yl ) pi peridi ne di hydrochloride M5 (APCl): mz =- 310 [M+ H]
Preparati on 669.71bholes44.€ ALK landmethdnd mwashled Braydithel 2phgnilkegtthelbhction to

-imd -2yl -pi i.di ne-1- b [ ' . : .
armroni un e e ERESE0lG I 1 AT K BPLS et B R by "

4- (- 2- (4+hrough Celite and concentrate under reduced pressure. Suspend the solid in diethyl ether, filter

Fl uor o- 3- i fluoragnethyl)phenyl).-2-oxaget hyl car.banoyDpi.peri di ner.1- car boxyl a
e (600 A 5 o gy e B O 03 BER T e R T OF S Ly Sh gy
triethyl am-ngyledierequi v; 20193.40 4). Stir the mixture at 160 Cin a seal ed
t ube for rs, | ve the solvent in vacuo by co-evaporating wth

t ol uene &ﬁ%&%ﬁz@’f;ﬁg@&i ’s}égl ve the crude in Et0OAc, wash with water, dry
over Na2SO4 and concentrate. Purify the residue via silica gel

chronot ography, eluting with Et0Ac,: I}bxagg (6 : 4) to offer 280 ng (49%

yield) of the title conmpound. 25 L et S): mz =314.2 [M+ H. -31-
The conpounds of-CRbapiati@ivi-pinsridine-Blarbndlid dei ¥ d3Dbrayedxe agtiepad et essential |y

350 T8 oo ABeDRARSH P engt HEREn 7 B SBRRUR S 8B ©7
i m dazol <@&bydlic ety pit@esidhna-D-cqairoXlyhinclesidn aketiesdid pamyl; 265T%r

MS(1'S): rIYIfleOI;;) gggécgﬁc[a%%}ﬂgdﬁgg (0.5 mL; 5.29 mmoles). Hydrogenate at room temperature for

7 hr at 20 PS1. Purge flask with nitrogen to provide 1.2 g of a foam. Triturate with acetonitrile
and filter to provide 270mg (28%) of the product as a white solid.
15  MS (ES). m/z=228.0[M -+ H].

Preparation 44
4-14-(3-Chlorophenyl)- 1H -tmidazol-2-vll-piperidine-hydrochloride salt.

Suspend 4-Diaminomethyl-piperidine-1-carboxylic acid tert-butyl ester acetic acid salt
20 (685 mg; 1.00 equiv; 2.38 mmoles) in dimethylformamide {10 mL; 129.33 mmoles) and add
powdered potassium carbonate (1400 mg; 10.13 mﬁaoles). Stir 10 minutes at room temperature
then add 2-Bromo-1-(3-chloro-phenyl)-ethanone (1400 mg; 6.00 mmoles) dissolved in 4 mL
DMTF dropwise to the amidine at room temperature. After 3 h, dilute the reaction with ethyl
acetate and wash with 50% aq. sodium bicarbonate. Dry the organic layer over sodium sulfate,
25 filter and concentrate to a crude oil. Purify using ISCO chromatography over a biotage 40M
column, eluting with a gradient of DCM to 6%MeOH/DCM. Concentrate the appropriate
fractions to give a 20% yield of 4-{4-(3-Chloro-phenyl)- 1 -imidazol-2-yl]-piperidine-1-
carboxylic acid tert-butyl ester. MS (ES): m/z = 262.0 [M + H].
Dissolve 4-[4-(3-Chloro-phenyl)- 17 -imidazol-2-yi]-piperidine-1-carboxylic acid tert-
30 butyl ester (171 mg; 472.54 pmoles) in dichloromethane (3 mL; 46.80 mmoles) and



69 444-(4-Fluoro-3-trifluoronethyl - nyl) - 5-net hyl - 1H

-imdazol - 2-yl | - pi peridi ne-1- carboxylr -acid tert-butyl ester M5 (ES): mz
=428.2 [I ' n + 1ii 70 71 444-(2-Chloro-5-trifluoronethyl-phenyl)- 1H -

i m dazol - 2-yl kpi peri di ne-1-carboxylic acid tort- butyl ester M5 (ES): nlz =
430.2 [IN\A H 72 444-(3-Fluoro-5-trifluoronethyl-phenyl)- 1H

I m dazol - 2-yl kpi peri di ne-1-carboxylic acid tert- butyl ester M5 (ES):z =
414.2 [M+ H 73 444-(2-Fluoro-5-trifluoronethyl-phenyl)- 1H -

i m dazol - 2-yl Isfomlpmdihgamgenldlmaaé)gwﬂ,im ca@irablése 1 4™ Hitiy Hioeskpat rddm (ES): ni z

= 414.2 [M+ H 5-meth tr1f| | ) phenyl) -
TH T dnzol STk oS5 GIHeR | bGP e f D B R ) By Y3
Tert - but )phelﬂﬁ)( 5H niﬁﬁcthydyl 2-#t-piBer(dirtel Hylitaolilomaatshly.| ) pheny 1) 1H i m dazol
-2-yli-pi erl %rgp |ate M5(1S): mz =409.2 [1°4 + H 73-C
Tert - but %@ ( 'chl or 0-4-fl uorophenyl)- 111 -im dazol -2-y
eridi pe-1 - Cal’ kmsyd)m@heds of Preparations 45-47A may be prepared essentially as described in

Preparation 44.

MS (ES): m/~z=M
Preparation Compound + H]

45 4-[4-(2,4-Difluoro-phenyl)-1 H-imidazol-2-yl]- 264.0
piperidine hydrochloride salt ’
4-[4-(3-Chloro-5-fluoro-phenyl)-1 H-imidazoi-2-yl}-

46 T . 280.0
piperidine hydrochloride

47

47-A tert—'But‘yl '4—(4-(3 -bromophenyl)-1 H-imidazol-2- 408.0
vl)piperidine-1-carboxylate

Preparation 48
1-Benzyl-piperidine-4-carbonitrile
10 Add 4-Cyanopiperidine (7.19 g; 1.00 equiv; 65.269 mmoles); benzaldehyde (1.05 equiv;
68.533 mmoles; 7.0 mL), then sodium triacetoxyborohydride (1.3 eq, 84.85 mmoles; 18.73 g} to

2%(v/v) acetic acid in tetrahydrofuran (435 mL) and stir rapidly until complete. Dilute with ethyl

acetate and wash with sat. sodium bicarbonate, saturated aqueous sodium chloride , dry with

MgSQ.,, filter, evaporate under reduced pressure to give 13.0 g oil. Dissolve in ether (~300 mL),
15  filter, and slowly add 60 mL IM HCI in ether. Cool in ice bath. Filter, rinse with ether, dry under

vacuum and collect 13.616 g (57.51 mmol, 88%) 1-benzyl-piperidine-4-carbonitrile.

MS (ES): m/z =201 [M +H].

Preparation 49
20 1-Benzvi-piperidine-4-carboximidic acid methvl ester hvdrochloride

" Dissolve 1-Benzyl-piperidine-4-carbonitrile hydrochloride.(l,()() equiv; 57.3 mmoles; 13.57 g)
in 75 mL MeOH and cool in ice bath. Saturate with HC! gas for 25 minutes, then remove ice bath
and stir for 3 hours. Evaporate under reduced pressure to give 17.47 g (65.0 mmol, 113%) 1-
benzyl-piperidine-4-carboximidic acid methyl ester hydrochloride.
25  MS(ES): m/z=233 [M+H]



M5(1S): nilz =393.2 [M+ 14] 73-D Tert-butyl:

4- (5-nmet hyl -4-(3-fluorophenyl)- 1H .. unidazol-2-yll-piperidine-1

-carboxyliate M5(1S): mz =359.2 [M H Preparation 74

54-14(4-Fl uoro-3-trifluoronethyl-phenyl)-1-nethyl-1Hi m dazol - 2-yl | -piperid

i ne- 1-car bo%§PI0R1408¢Gi d tert-butyl ester Di ssol ve PCT/US2008/062143

444- (4- Fl uoro-3-trifluoronethyl -phenyl)- 1H -im dazol -2-yl kpi peri di ne-1-

carboxylic acid tert-butyl ester (860 ®g, 2.08 mmoles) in diethyl ether

(100 mL) under N2. Cool the solution to OCin an ice bath, and add sodi um

hydride (1.1 equiv; 2.29 mmoles; 91.52 ng), 10followed by injecting nethyl

iodide (2.00 equiv; 4.16 mmoles; 259.12 uL). Stir the mxture for 1 hour- at

0 C, and the r 132- tenperature. Inject tetrahydrofuran

(40 ) |ntor}\t/[%§ﬂysg]b%€e299@[ﬁr" and then stir at roomtenperature

overni ght. Concentrate the m xture under reduced pressure, and then

di ssol ve the residue in EtOAc. V\ashp Whatdliop &t urated aqueous sodi um chlori de.

Purify the residue via silica ge . C rorra ograp eluting with EtOAc :

hexane (7:3) to of fer 2 Beiipyl-n dibydeachlonidenpound. MS (1S): m z
428.2 [M+ FI]. Dggﬁﬁa[tﬁﬁiyﬂﬁpgrﬂhn% 4—carbox1mT@E ﬁm(bﬂxﬂléth{}ll ester hydrochloride

4(15d|meth1 g (trifl uorom,ett%

) pheny1) - 1H- i (-tihs 692 Sty & HPYey i ammonia HengipadyTiaP gl Saturate Wiy £ oshl y

powder ed pot a&ﬁm&mgbmdfmldesﬁﬂf&&a%uﬁgmd RrafddatdTMl Sapofuteitidey to a sol ution

of tert-butyl 4-(5- triflu y1) dazol - 2-y1] -
pi peri di ne- 1-%%?%%&’5‘%&‘{1 Fr t”i% ac?‘l)&“ t%@%&wéﬂ;@ %"ﬁgd&r{é FliLF‘- zﬂ} foxide (2 niL)
Stir the 15 pipexitiine-é-caboxnaainetddiyperiasriiees § bght pallew kaidr , and add net hyl
iodide (1 5 J iLn-one portion. After stirring for three hours,
dilute w ?(2 X@&%S) %gzgc#ig\}bi(ﬁr}gat urated ag. sodiumchloride and dry over
Na2504. Purify the residue via silica gel chromatography, eluting wth

Et OAc hexane (6:4) to offer 210 ngrega@&% geld) of a title conpound. M5
(IS): mz = 423.2 [M+ FI . 20The compounds  of Preparatlons‘74 Bto 74-F
may be prepared eskBezy Dy 3-ghloweds Byordyehignylh LB iHdn dhpigeridine pr epar ati on

Conmpound M5 (I9): Migsw 1[ M- p1pendme-4 -carboxamidine dihydrochloride (2 g; 1.00 equiv;
15 6.89 mmoles) in dimethylformamide {90 mL). Add powdered potassium carbonate (4

equiv; 27.56 mmoles; 3.8095 g) and warm to ~45 °C. Add 3-chloro-4-fluoro-phenacyl

bromide (2.00 equiv; 13.782 mmoles; 3.5366 g) in 8 mL with DMF dropwise over 40

minutes. Dilute with 50 mL ethy] acetate, stir 5 min and filter. Evaporate and partition

with ethyl acetate/sat, sodium bicarbonate, wash organic layer with water, then saturated
20 agueous sodium chloride. Dry with MgS0,, filter and evaporate to red foam. Purify over

flash silica gel with 0-10%McOH/ACN. Pool fractions to give 1.9772 g (5.346 mmol,

78%) 1-Benzyl-4-[5-(3chloro-4-fluoro-phenyh)- 1# -imidazol-2-yl]-piperidine.

MS (ES): m/z=370 [M + H}

The compounds of Preparations 52-53 may be prepared essentially as described in

25 Preparation 51.

Preparation Compound = | MS(ES): miz=[M+ Hj
57 1-Benzyl-4-[5-(3,4-difluorc-phenyl)- 1H - 368
imidazol-2-yl]-piperidine
1-Benzyl-4-[4-(4-fluoro-phenyl}- 1H -
imidazol-2-yl]-piperidine

§3 336.0

Preparation 54
4-15-{3-chloro-4-flugro-phenvh- 1 H -imidazol-2-vil-pipendine dihvdrochlonde




111 74-B Tert-butyl 4-0,5-di nethyl-4-(3-
(trifluoronethyl)phenyl)-1Hi m dazol -228;71] - piperidine-I-carboxylate 423.2
74-C Tert-butyl 4-(4-(3-chloro-4-(fluorophenyl)-
1, 5-di met hyl- 1Hi m dazol - 2-y1] - pi peridi ne-1- carboxylate 407.2 74-D
Tert-butyl 4-(4-(3-fluorophenyl)-1, 5- _
di met hyl- 1H i m dazol - 2-yl kpi peri di ne-1- carboxylate 373.2 74-E tert-Butyl
4-(4-(3, 4-difluorophenyl)-1- isopropyl-1Him dazol -2-y1l)piperi dine-1-
car b0>t<)y| alt e  DiSdhve Proepar-efi-GrchCosp dunth-gjien(i)- I)E -mhidazel -§-M] pigdHidiAd  IF00
tert-but 4-(1-i -4- (3-
quuiv; 1(.595|r§m0§£5? Qg()lmg ; (I\%N,N',N'ntetramethy]—l,8—naphthalenediamine (1 equiv; 1.595
mmotes; 341.8 mg) in 1,2-dichloroethane (12 mL) and cool in an ice bath. Add 1-chloroethyl
chloroformate (3 equiv; 4.785 mmoles; 517 pL) and warm to reflux for 1 hour. Cool to RT and
5 filter through 1 cm plug silica gel, rinse with DCM. Evaporate to give 760 mg foam. Dissolve in
MeOQH and heat to reflux for 6 hours. Evaporate to give 556.3 mg (99%) 4-[5-(3-chloro-4-fluoro-
phenyl)- 1/ -imidazoi-2-yl]-piperidine dihydrochloride as a yellow foam.

MS (ES): m/z = 280 [M + HI.

10 The compounds of Preparations 55-56 may be prepared essentially as described in

Preparation 54.

Preparation Compound MS {(ES): m/z =M + H]
55 4-[5-(4-chloro-3-triflnoromethyl-phenyl)- 14 330
-imidazol-2-yll-piperidine dihydrochloride
56 4.{5-(3,4-dichloro-phenyl)- 1 H -imidazol-2- 197
yl]-piperidine dihydrochioride

Preparation 57

A-[4-{4-Fluoro-phenvl}- 1 H -imidazol-2-vl]-piperidine

15 Hydrogenate 1-Benzyl-4-[4-(4-fluoro-phenyl)- 1/ -imidazol-2-yl]-piperidine in 20%
PA(OH),/C (Pearlman's catalyst) (0.15gm) in 125 mL 2B EtOH, at 30°C for 23 h at 60 PSL. Filter
and concentrate to yield the title compound as an oil.

MS (ES): m/z = 246.0 [M+ H].

20 The compounds of Preparation 59 may be prepared essentially as described in Preparation
57.
: MS (ES): m/z=[M
Preparation Compound + H]
58
=5 4-[4-(3 A-Difluoro-phenyl)- 1H -imidazol-2-y1]- .y
piperidine (NH4CO,) ’

25



(trifluoronethyl)phenyl)-1Him dazol - yl ) pi peri di ne-1-carboxyl ate
Preparation 75 4-14-(4-Fluoro-3-tri f12{90romet hyl - phenvl)- 1H

-im dazol - 2-v11l- pi peridi ne hydrochl oride Add hydrogen chloride (2 nL, 12 M
aqueous) to a solution of 4-[4-(4-Fluoro-3- 5trifluoronethyl-phenyl)- 111
-im dazol - 2-yl ] - pi peri di ne-1-carboxylic acid tert-butyl ester (275 ny;
665.19 I'noles) in nethanol (10 nL) Stir the mxture at roomtenperature
overni ght, and then concentrate and dry to offer 210 mg (90% vyield) of the
title conpound. M5 (1S): mz = 31%rdadohle0l] . 10The conpounds of

Preparations 76-78 and 81 836 ma be repared essentially as described in
Pr epar atl l-.l-; . I rh A VAt o M, @}Dlwldlﬂml Wboxy}ate

444- (4- Fl uor o-gefy. zf 3” ﬁﬁ@%ﬁ% E fdazol-2-yl)iperjding (795 meg, 2.69
i m dazol - 2- yl]A - prperi (lﬁ gir oChI6F d2e %%gré %

444- (4- Flnunsid+3a Ediutﬁd)mﬁfr @Biﬂlb&ﬂS—mh)am;leHE{%hﬂy Inddd nitrogen followed by
-imdazol -2-y11- p| eridine % ghl Qrj de

28,27
24 (3. prrdem i DR GHlordthmopreR iy Diel i ibpppic (650 me, 296 mmol).
- i m dazolg2 el hiRirR&f dothemPERULE 068hih!. d€of@hiratd 4 Bixfde in vacuo and

purify the residue by silica gel chromatography (120 g RediSep column, elute with a

gradient of 0% to 100% ethyl acetaterhexanes, over 35 min, 85 mL/min) to provide teri-
butyl 4-(4-(3-(trifluoromethyl)phenyl)- 14 -imidazol-2-yl)piperidine-1-carboxylate (550
10 mg, 51%) as an off-white solid.
MS (APCI): m/z =396 [M +H].
The compound of Preparation 61 may be prepared essentially as described in

Preparation 60.

Preparation | Compound Physical Data
61 tert-Butyl 4-(4-(4-(trifluoromethyl)phenyl)- MS (APCI): m/z=
1H -imidazol-2-yl}piperidine-1-carboxylate 396 [M + HJ.

15 Preparation 62
teri-Butvl 4-(1-methvl-4-(3-(trifluoromethylyphenvl)- 1H -imidazol-2-vl)piperidine-1-

carboxylate
Add tert-butyl 4-(4-(3-(trifluoromethyl)phenyl)- 1H -imidazol-2-yl)piperidine-1-
carboxylate (540 mg, 1.36 mmol) to diethyl ether (100 mL) and cool to 0 °C. Add
20  sodium hydride (55 mg, 1.5 mmol, 60% in mineral oil) to the mixture followed by methyl
iodide (0.142 mL, 2.72 mmol). Stir the mixture for 1 h at 0 °C and warm to room
temperature. Add THF (40 mL) and stir the mixture for 12 h. Concentrate the mixture,
and purify the residue by silica gel chromatography (120 g RediSep column, elute with a
gradient of 0% to 100% ethyl acetate:hexane, over 40 min, 85mL/min) to provide fert-
25 butyl 4-(1-methyl-4-(3-(trifluoromethyl)phenyl)- 1 H -imidazol-2-yl)piperidine-1-
carboxylate (425 mg, 76%).
MS (APCI): m/z =410 [M + H].
The compound of Preparations 63 and 63A may be prepared essentially as

described in Preparation 62.

| Preparation | Compound | Physical Data




80 81 444-(2-Chloro-5-trifluoronethyl-phenyl)- 1H ..
i mi dazol -2-yli-piperidine dihydrochl orilde salt 330.2 82
444- ( 3- Fl uoro-5-trifluoronethyl -phenyl)- 1H - .. imdazol-2-yl kpi peridi ne
di hydrochl oride salt 314.2 83 444-(2-Fluoro-5-trifluoronethyl-phenyl)- 1H -
.. i mdazol - 2-y1] - pi peridi ne di hydrochloride salt 314.2 83-A 4-(1'

5-di met hy1-4-(4-(trifluoronethyl)phenyl)- 1H i m dazol-2-yll-piperidine
hydrochl ori de salt 323.2 83-B 441 '

5-di met hy prdsae it | ICdnbishayeet hyl) phenyl) - 1H m dazol - 2; phyatfgsded! ne
hydrochl oriae sal T "373pg éf( ~meth 1-4( tnﬂuorometh MS (ABCD: vz =

4- (4-(3-chl or@- 4-f| gg__ r%’ dazol‘ ??é%/Hpﬁj)erl di
oxylate >

=)

ﬁj e
hydr ochl ori de salt re a on &onpound M

tert-Butyl 4-(4-(3-bromophenyl)-1-methyl- 154~ | MS(ES)m/z =

63-A imidazol-2-yl)piperidine-1-carboxylate 422(M+H)

Preparation 64
4-(1-Methvyl-4-(3~(trifluoromethvl)phenvl)- 1H -imidazol-2-yl)piperidine dihvdrochloride
Add hydrogen chloride (4 M in 1,4-dioxane, 5 mL, 20 mmol) to a solution of fert-

5  butyl 4-(1-methyl-4-(3-(trifluoromethyl)phenyl)- 1A -imidazol-2-yl)piperidine-1-
carboxylate (400 mg, 1.10 mmol) in CH»Cl; (10 mL) at 0 °C under nifrogen and stir for 2
h. Concentrate the mixture in vacuo to provide 4-(1-methyl-4-(3-
(trifluoromethyl)phenyt)- 1H -imidazol-2-yh)piperidine dihydrochloride (435 mg, >99%).
MS (APCI): m/z =310 [M + H].
10 The compound of Preparation 65 may be prepared essentially as described in

Preparation 64,

Preparation Compound Physical Data
65 4-(1-Methyl-4-(4-(trifluoromethyl)phenyl)- 1H - | MS (APCI): m/z =
imidazol-2-yl)piperidine dihydrochloride 310 [M + H]

Preparation 66
15 4-T4-{4-Fluoro-3-trifluoromethvl-phenyD)- 17 -imidazol-2-vi]~piperidine-1-carboxvlic

acid tert-butyl ester

Add ammonium acetate (3.24g, 41.63 mmoles) to a solution of fert-butyl 4-(-2-(4-
Fluoro-3-{trifluoromethyl)phenyl)-2-oxoethylcarbamoyl)piperidine- 1 -carboxylate (600
meg, 1.00 equiv; 1.39 mmoles) in I-Butanol (7 mL), followed by triethylamine (1 equiv;

20 193.40 ul). Stir the mixture at 160 °C in a sealed tube for 2 hours. Remove the solvent
in vacuo by co-evaporating with toluene and CH,Cl,. Redissolve the crude in EtOAc,
wash with water, dry over Na;SO4 and concentrate. Purify the residue via silica gel
chromotography, eluting with EtOAc : Hexane (6 : 4) to offer 280 mg (49% yield) of the
title compound.

25 LCMS: MS(IS): m/z=3142 [M +H].



= [M+ H 83-D 4-(4-(3-fluorophenyl)-1,5-di met hyl - 1Hi m dazol - 2-
yl ) pi peri di ne hydrochloride salt 273.21: 83 E
4-[4-(3,4-Di fluoro-phenyl)-1-isopropyl-1Him dazol-2- yl]-piperidine
hydrochl oride salt 83-F
4-(1-1sopropyl-4-(3-(trifluoronethyl)phenyl)-1H m dazol - 2-yppi peri di ne
hydrochl oride salt 83-G 4-(4-(3-Bronophenyl)-1-methyl-1Himidazol-2-
yl ) pi peri di ne hydrochl oride 322 -35- Preparation 86
1- Benzyl- 444- (18e Gdiﬂprhﬁ&slbfi’}epﬂﬁtﬂmﬁlhhﬁ%/aln)i 71-78 Dhydy-Hehirepadd edimvetingd  sul f oxi de
(0.3 M 2.7 {{18 h ed potassium hydroxide (1.5 5equiv, 1.217 mmol es;
68 ) . Aeryigedpe W%atlfﬁ* 6(3- chl or o- 4- f | uor o- phenyl ) - 111-
i m dazol i yyi&pEel 1 di ne (300 ngomdpo@Bd equi v; 0.811 mmolm@sjicaldiepwi se add
i odoet hane (I7T equiky4-(ArR8e-3mBhéSmethyi-phblyl PV ET- 8 NMMSER): rmk R@28.2action
for 60 m nutesgy thepnididoud §1ihinyaiRFidicd 20yl us| patrr at ed sodi um
chl oride| (25 rrL) an%@&c@@}negﬁ@ur times with DCM Wash the organic extracts
Wi th wat er;then saturated aqueous sodi um chlioride, I0and dry with MySO4.
Filter and pu16f8fy on silica gel with 10% nethanol /acetonitrile to giVve 262
mg (0. 655~ Tmot, 819 ol Frua%@%%u&%ﬁethﬁ Pk TSlnéthyl UOM@-(E‘SD‘?GM%M,@&% hyl -1 H
-1 m dazol - 2- ygbp' p()rl}tjdlnﬂgazo R 5@:1’1(11 -Pcath ch M+}1] The
conmpounds o repal ald § may be prepar ed essen iall'y as described in
15Pr epar at- un7c80 Pr epdra[IOﬂ Compound VB (ES) Tz & EM ¥ 1I- 11
4-[4-(2-Chloro-5-trifluoromethyl-phenyl)- 1 H - MS (ES): m/z=430.2
71 imidazol-2-yl}-piperidine-1-carboxylic acid tert- M +H]
butyl ester
4-[4-(3-Fluore-5-trifluoromethyl-phenyl)- 14 - MS (ES): m/z=414.2
72 imidazol-2-yl]-piperidine-1-carboxylic acid tert- M + H]
butyl ester
4-[4-(2-Fluoro-5-trifluoromethyl-phenyl)- 14 - MS (ES)y:. miz=414.2
73 imidazo-2-yl]-piperidine-1-carboxylic acid tert- [M -+ H]
butyl ester
Tert-butyl 4-(5-methyl MS(IS): m/iz=409.2
73-A 4-(4-{trifluoromethylyphenyl)- LI —imidazol M+ H]
-2-yl]-piperidine-1-carboxyliate
Tert-butyl 4-(5-methyl MS(Sy: miz=409.2
73-B ~4-(3-(trifluoromethylphenyl)- 14 —imidazol M + H]
-2-yl]-piperidine-] -carboxyliate
73.C Tert-butyl 4-(5-methyl-4-(3-chloro-4-fluorophenyl)- | MS(IS): m/z=393.2
1 H -imidazol-2-yl]-piperidine-1 -carboxyliate M+ H]
73D Tert-butyl 4-(5-methyl-4-(3-fluorophenyl)- 14 - MS(S): m/z=3592
imidazol-2-yl]-piperidine- 1 -carboxyliate [M+ H]
Preparation 74
5 4-f4-{4-Fluoro-3-trifluoromethyi-phenyl)-1 -methyl-1 H-imidazol-2-yl]-piperidine-1 -carboxylic
acid tert-butyl ester
Dissolve 4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)- 1 H -imidazol-2-ylj-piperidine-1-
carboxylic acid tert-butyl ester (860 mg, 2.08 mmoles) in diethy! ether (100 mL) under N,. Cool
the solution to 0°C in an ice bath, and add sodium hydride (1.1 equiv; 2.29 mmoles; 91.52 mg),
10 followed by injecting methyl iodide (2.00 equiv; 4.16 mmoles; 259.12 ul.). Stir the mixture for 1

hour at 0 °C, and then warm {o room



87 | -Benzyl-444-(3 -chloro-4-fluoro-phenyl)-1 -nethyl-1H

-i m dazol - 2-yl kpi peri di ne 384 88 i 1- Bedzy1l- 444-(3-chl oro- 4-fl uor o- pheny1) -
| - soprop 1-1H -im dazol -2-y13-piperidine 412 89

1- Benzyl-444-(3,4-(3, 4-phenyl)-1-methyl-1 H -

nrucl azol - 2-yli - pi peri di ne 412 Preparati on 90
4-14- (3-Chl oro-4-fl uoro-phenyll-1-ethyl-1H -i m dazol -22y11-nineri di ne
hydrochl ori de Dissolve 1-Benzyl-444-(3-chloro-4-fluoro-pheny0-1-ethyl-1H
20 pi peri di ne t{&3atdreMUnjedt 0Ra18AMd MianQ46 8:2) THBItES AbovaGhixture, and then stir

1, 8- Napht hal enedi am ne, N, N,M Nt - Tetranet hyl - (0.05 equi v, 0.033 mmol es,
7.0 ny) iahropnptemipetatuse ovenishheComreriryte sraneder uherdgdiced prasye. gddhen
1-chl or oet hyl ¢hl or.of or ( i a7 2 0. ANk o Shir the
reaction%fﬁ&WF fgg&ﬁﬁngﬁbﬁgé%ﬁ§#ﬁ9¥%éﬁmﬁ%gfaﬁ%ﬂgg%?ﬁé%#Eggmkb%%Fﬁﬁ%gs and
evapor at gediduedny fiisSgcl Dhesalyeapiie cluasg cud Kkt Aetbeana (7(3 wwbjferddVd mef | ux
for 45 25m nutes and evaporate to dryness to give 268 ng (0.779 mol, 118%
444- ( 3- chP@rordd) Hfiagblecopmenyd) - 1- et hy1- 111 -i ni dazol - 2-y13- pi peri di ne
hydr ochl Qi gRs. . -.3€ = nilz =308 [M+ H. The conpounds of
Preparatﬁgﬁgﬁglw 3 ﬁ%§§ggﬁﬁ?gbared essentially as described in Preparation
90. Preparation Conmpound Ms (ES): infz =[M+ H 91

414- ( 3- Chl or 0- 4-f | uor o- pheny1) - 1- ret hy| - - imdazol -2-yll-piperidine
hydrochl ori de 294 92 444-(3- Chl or’g<l? 52phenyl )- | -isopropyl-1H -
i'm dazol "I?e'rtyﬂlgtfllmﬂ%—'dgh&ﬁvlW@fﬁﬁﬁh@ﬂbh{éﬁl%gex%d}1H—imidazol—Z—vﬂ-piperidine~1 -

10 carboxylate

Add freshly powdered potassium hydroxide (193.45 mg, 2.93 mmols, 4 equiv) to

a solution of tert-butyl 4-(5-methyl-4-(4-(trifluoromethyl)phenyl)-1H-imidazol-2-yl}-
piperidine-1-carboxylate (300 mg, 0.73 mmoles) in dimethyl sulfoxide (2 mL). Stir the

15  mixture at room temperature for one hour, and add methyl iodide (156 mg, 1.5 equiv) in
one portion. After stirring for three hours, dilute with AcOEt, wash with saturated aq.
sodium chloride and dry over NapSQy. Purify the residue via silica gel chromatography,
eluting with EtOAc : hexane (6:4) to offer 210 mg (68% yield) of a title compound. MS
(IS): m/z=4232 M +H]

20 The compounds of Preparations 74-B to 74-F may be prepared essentially as
described in Preparation 74-A.

MS dS)y:m/z=[M +
H]
Tert-butyl 4-(1,5-dimethyl-4-(3- 423.2
74-B (trifluoromethyl)phenyl)-1H-imidazol-2-yl]-
piperidine-1-carboxylate
Tert-butyl 4-(4-(3-chloro-4-(fluorophenyl)- 407.2
74-C 1,5-dimethyl-1H-imidazol-2-yl]-piperidine-1-
carboxylate
Tert-butyl 4-(4-(3-fluorophenyl)-1, 5- 373.2
74-D dimethyl-1H-imidazol-2-yl]-piperidine-1-
carboxylate
tert-Butyl 4-(4-(3,4-difluorophenyl)-1-
74-E isopropyl-1H-imidazol-2-yl)piperidine-1-
carboxvylate

Preparation Compound




93 4-14-(3,4-Difluoro-phenyl)- 1-methyl-ill -imdazol-2- yll- piperidine
278.0 G5SPreparation 94 4-Chloro-5-fl uoro- 7H pyrrol oP2 3-dl pvrim dine

Conbi ne 4- Chl oropyrrol o[ 2, 3-d] pyri m di ne (2.985g, 19.40mmol), [1-

(chl oronet hyl ) -4-fl uoro-1, 4-di azoni abi cycl o[ 2. 2. 2] oct anebi s(t et rafl uorobora
te)] (Sclectfluoto) (I 0.523g, 29.704 mmol )], acctonitrilc (200 nL), and
acetic acid (40 nL) 10and heat to 70C for 24 hours. Monitor |oss of
starting material by HPLC then concentrate. Add two portions of toluene (50
m.) and evaporate. |Filter crude material thru a pad qﬁsc(pg)i:m,z ms,hi ng
with! 1| Prépaca®Cl2. Final |l y,Coupewrdrate the filitrate angy chr omatiograph
on a silica columieluting with CHC12/ MeOH [ 0-109\ . eck
fractions by M5 and conbiterebpivbdridtisopreniidds t o prjovi de 1.931g (58% of 4-
| SChl or o+ 5- f | GdiFo- 7H- @y fluebofethyBptdnyby tilningdagel-2-V5 |((ES): mz = 172 [M+ H
Preparation 95 4-Chl or o- lyHpireyvidazel-cdrBoxdAat pyri mi dine 20To a sol utj on of
al | opuri nol™(20g, 146.94 mmoles) in toluene (205.71 nL), add phosphoryl
chloride (68.27 nL, 734.68 mvl es) and diisopropyl et hyl am ne (56.38 ni,
323.26 nmol es) and heat the m xturksepgrat8®@dX or 2 hours. Renove the sol vent
in vacuo to h i xture jpto.. OhASSLUm PhQ di basi c
(734. 68 mHl oS % .}9” i o8- 'H&Bgdet room
tenperature. Rddigdrakh chibeiddBPresil pM ageottirtoughblutiopad 444-(¢&hidre-3and wash
it subsequently wi'th EtOAc. Separate the filtrate, wash the aqueous | ayer
with for drife@amethybphenybe | 5-aiiaeolt ayldmeneriding- | -pargopylic &C@@ﬂwg&?t% ilter

and conc ate, acup - 0&.0- I 1 di ne
(oo, 70.caevmgt &Y RER-UBRubRlel (S b Re B Ghly RILRT §

5Pr epar atdvemi@h-Ad tHerboobcalttats apydrymd difac 19-ma(d0%h ¢ahd)de the title Char ge  DVF
(8.9 m, 1.3eq) in a round bottomflask and cool to OC. Add POC13 (32.6 ni,
4.0eq) tcoppeurdkaction drop wise at OC. Stir the reaction nass at. OC for
lh. 10 4, 6-di I yrimdine (10.0g, 1.0eq) to the reaction nass
and all mgqﬁ) f"gz cé%gt[g/f?ggm tenperature slowy. Reflux the reaction nass
for 4h and noniHeabmpbendsedPréparations T6CO8(ak0Bd £3€t mapbe prep@)l essCondbresr at e
the reaction_mass _under. vacuum and pour the concentrated reacti on mass over
crushed idescriteden Beopatgen peoduct with di ethyl ether and wash with saturated

Vi s
= w,

aqd sodi ym (,'nit T ;]' ; (Lj“)r y theor g?ni c layer ovelr I anhydlr _ogs WS adhum/s J|6f gt e
ana concenjrate ..l unaer vacuumto e yell ow Sol | aS . )
40% . Preé ?é’?%%‘iagﬁ“c BB ttdb-Bi \?gﬁép"t%%h i Z~ dr 5w pr Jpﬂl\ggﬁf °
76 4-[?—(4—1:‘11161‘0— -t uorome .y.-phe%ayﬁ— - 378.
imidazol-2-y1]-3-methyl-piperidine dihydrochloride
77 4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-1-methyl-1H 328.2
-imidazol-2-y1]-piperidine hydrochloride
78 4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-5-methyl-14 328.2
-imidazol-2-yl]-piperidine dihydrochloride salt
79
80
81 4-]4-(2-Chloro-5-trifluoromethyl-phenyl)- 14 - 330.2
imidazol-2-yll-piperidine dihydrochloride salt
20 4-[4-(3-Fluoro-5-trifluoromethyl-phenyl)- 14 - 314.2
imidazol-2-yl]-piperidine dihydrochioride salt
4-[4-(2-Fluoro-5-trifluoromethyl-phenyl)- 14 - 314.2
83 imidazol-2-yl]-piperidine dihydrochloride salt
$3A 4-(1, 5-dimethyl-4-(4-(trifluoromethyl)phenyl)- 14 - 1232
imidazol-2-yl]-piperidine hydrochloride salt
23-B 4-(1,5-dimethyl-4-(3 ~(Hiﬂuoromeﬂ1¥1)pheny1)~EHu 3932
imidazol-2-yi)piperidine hydrochloride salt
R3-C 4-(4-(3-chloro-4-fluorophenyl)-1,5-dimethyl-1H- 3072
) imidazol-2-yl)piperidine hydrochloride salt




20 Charge 4, 6-di chl oro-pyri m di ne-5-carbal dchydc (2.5g, | .0cq) and
toluene (50 nL) in a round bottom flask. Cool the reaction nmass to -10C.
Add et hyl nagnesi um bromde (3M in TR sol uti on (5.1 nm, 1 leqg) drop w se
at -10C. Slowy allow the reaction mass to conme to RT in 1h. Charge chilled
ammoni um chl ori de solution to the reaction mass and 25extract wi th diethyl
ether. Wash ether layer with saturated aq. sodium chloride solution. Dry
the ether | ayer over anhydrous sodium sul fate and concentrated it under

reduced pressure to get the desired product (2.3q, 79.3%. The
conpound of Preparption 95-C may be prepared essentially aMSidSprided in
Pr epar at i | Plep QPadn Pr epar ati on Corrmﬂﬁ ot C =[M + HJ

1- (4, 6- Drchtoropyr gép @'chmetﬁ?l 1BtigRaiRl-hon 95-D 5
4- Chl or O- 3- i83ed- 1H \§ dmc agrgﬁgl di ne Char ge 273.
odosuccinim de

4-chloro 1“‘“‘]""3_’0 |||||U|||
5(NIS) (21. 5505 2.0 '(55{'(%“‘1135 my R LS Em T ok TSttt he
reaction mass at 50 fﬁlﬁel‘lﬁm? reacti-gnby-TL P (10% aeetehe in
DCM) . Copcengrat e t fid 1 deapeansdr- (ﬁ*e(%ﬂltﬂﬁ@@?thw@ﬂ]@@é@ Wessure. Charge et hyl
acet ate and Wash wi irhideatl€ryiriperginainairedhiende sebdi um chl oride. Dry the
organi c ayer qver | ahysiByumopinaiyl)Ad-sisthyat &/-andaadAeent rat e thg,organic
| ayer under $3efduced gﬁi%gﬁ&{ﬁ@hyd}ggﬂyﬂdé chl oro-3-iodo- I N
10pyr azolof 3, 4-djpyri mdine (6.8g, 61.43% . Preparation 95-E
4-Chloro-3-((trimethvlsilvflethvnyl)-1H pvrazol or3, 4-dl ovri m di ne Charge
4-chl oro- 3-i odo- 1H pyrazol o[ 3, 4-d] pyri m di ne (5.4g, 1.0eq), trinethyl
15silyl acetylene (11.347g, 6.0eq), Cul (1.833g, 0.5eq), TEA (2.68 nL,
1.0eq), DWF (67.5 nL), and THF (202.5 nmL) in a round bottom flask under
argon atnosphere. Stir the reaction mass under argon atm for 30m n. Charge
(PPh3)4Pd (2.225g, 0.1leq) and stir the reaction mass at 35C for 3h. Mbonitor
the reaction by TLC (10% acetone in DCM. Concentrate the reaction nass
under reduced pressure. Charge ethyl acetate and wash 20 with saturated
sodi um bi car bonate sol ution, water and saturated aq. sodiumchloride, Dry
the organic | ayer over anhydrous sodium sul fate and concentrate the organic
| ayer under reduced pressure. Purify the compound by col unm chromat ography
(silica 100-200 nmesh, DCM - Acetone) to give desired product (1.81g,
36.14% . 25Preparation 96 .

Cycl onropvl- (4, 6-di chloro-pvrimdin-5-vl)-nmethanol Add slowy n-BuLi (2.37
g, 36.0 =not) to a cool ed solution of diisopropylamne (3.72g, 36.0 mmol) -
in 50.0 nL THF at -78C under nitrogen atnosphere. Stir the reaction m xture
for 30 mn at the same tenperature, then add 4, 6-dichloropyrim dine 30(5. 0
g, 33.0 mol ) dissolved in 15 nL of THF. Stir the resul tant reaction

m xture for an




additional 30 mn at -78C, then add cycl opropane carbal dehyde (2.58 g, 36.8
nmmol). Allow the reaction mxture to warmup to roomtenperature. Add 50.0
m. of water and -39- extract the organic with ethyl acetate (3 x 50 niL),
wash with saturated aqueous sodium chloride, then dry over anhydrous sodi um
sul fate. CHRVAYHEHE under reduced pressure under vacubf/PHo0dE3

Cycl opropyl - (4, 6-di ehl oro-pyri m di n-5-¥1) -nmet hanol (4.0 g, 54%yield). M5
(APCH. nilz =220 [MtH 5 Preparation‘%? g

Cycl opropyl - (4, 6-di chl oro-pyri m di n-5-y1) - net hanone Add chrom um
oxide (VI) (5.84 g, 58.4 nmples) portion wse to

cycl opropyl (4, 6-di chl oro-pyrindin-5-y1)-methanol (4.0 g, 18.2 mmoies) in
80.0 nL acetone at OC 10and stirr for 30 mn at 0 C. Next add isopropyl

al cohol to quench the excess reagent and stir for another 15 mn at room
tenperature. Cool to O C and pour #8288 NaHCOB sol ution. Filter through
CeliteO |de’ ext1ra%ﬁiwwri-ks-@udg&h-ﬂa&%%@nnMﬁugil-i)nk;agm—wx@ﬁrmmahe conbi ned
organic layers wth saturated agueous_sodi um ride. nd.concentrate
under reduced to QFdHmERE s‘ff"t’“ldéﬂ)éo%aH“gg‘gé’ogg?‘fﬂofiﬁ’f;aﬁsé‘g%Brdj%/ci"%fgl.' g, Yield
50% 9.2 mleuiv, 121 MauloES)68 uil).za& RB&EZ/M-[5-(Blchloro-4-fluctdighefiyo)- LBW Nng

Preparations . r epar.ed senti.al l.y descri bed in Pr ration 97.

Pr epar ati on Cﬁ%ﬁﬁ'&ﬂﬁﬁ&ﬁq@@%g’gio@ ﬁﬂ%%&%j% f“r%mﬁ:|\)h5)r§9“§ife)dg?if)°§§%m% -one 97-B
1- (4, 6- di chl gr.opyuti, gelt mmbley I7) et havardnein. 30Rhepantiat foo A0 AButey thehHilute

or o- 3-cycl opropyl .- - YL f - dl pyr i, 4] azi g, hydrate
(2.67 g, 53. 4“"%1"6“1‘“} 31?%&% ;‘}ﬁf%t”g‘i}%dl%c‘%%‘r“gﬁy?{‘&%ﬁ? %pgﬁngﬁgg‘rc{}m t‘%% Wb

pyri m di n-5- MMEW%MWG@(I@.@86acy,wiwafﬁr,ﬁhmlsym@te§s@k?!édodlwn %@dm_ THF at
roomt emped ataw.'i gryggﬂg%ﬁedé fFQ{er & rﬂ@f‘r’fg on sih&%&l &WW&&%«;}U&%M&MM @n the

reaction m xture n water and et acetate, collect the organic
| ayer, wash viiver?63 med 6Peumeloil&o a5 -Bewy micRichipiodiiivgpheaxist-etiAtar ous
sodi um sul fat_ﬁnidﬁggz_glﬁ_%%,{cat e under vacuum Purify the resultant title
conmpound by passi ng rough a short silica gel (60-120 mesh) pad using
Chl or of or nf nl‘é§ﬂ:aﬁib{"/z(‘93?3§7”é’§]- cluent. M5 (ES): mz = 195 [M+ H. -40-
Preparation 109 Thecompounds of Preparations §7-89 may be prepared essentially as described in

15 Preparation 86.

MS (ES): m/z
Preparation Compound = M + H]
87 1-Benzyl-4-[4-(3-chloro-4-fluoro-phenyl)-1-methyl- 384
1H -imidazol-2-yl]-piperidine
23 1-Benzyi-4-[4-(3-chloro-4-flucro-phenyl)-1- 412
sopropyl-1H -imidazol-2-yl}-piperidine
29 1-Benzyl-4-[4-(3,4-difluoro-phenyl}-1-methyl-1H - 412
imidazol-2-y{1-pipefdine

Preparation 90
4-74-{3-Chloro-4-flugro-phenvi-1-ethyl-1H -imidazol-2-vl]-piperidine hydrochloride
Dissolve 1-Benzyl-4-{4-(3-chloro-4-fluoro-phenyl)-1-ethyl-14 -imidazol-2-yi]-

20 piperidine (263.3 mg, 1.00 equiv; 0.662 mmoles) and 1,8-Naphthalenediamine,
N,N,N',N'-Tetramethyl- (0.05 equiv, 0.033 mmoles, 7.0 mg) in 1,2-Dichloro-ethane (5
mL) and cool in an ice bath. Add {-chioroethy! chloroformate (1.2 equiv , 0.794 mmol;
0.086 mL}. Stir the reaction 10 minutes in an ice bath then heat to reflux for 20 minutes
and evaporate to dryness. Dissolve the residue in methanol (5 mL) and reflux for 45

25  minutes and evaporate to dryness to give 268 mg (0.779 mmol, 118%) 4-[4-(3-chloro-4-
fluoro-phenyl)-1-ethyl-14 -imidazol-2-yi}-piperidine hydrochloride.



4- Chl oro-5-iodo-7Hpyrrolo 12.3-d1 pvrim din e Di ssol ve

6- chl or o- 7- deazapurine (10.75 g, 70 mmol) and N-i odosuccinimde (16.8 g, 75
mmol) in 400 nL of dry DVF and | eave at ambient tenperature..in the darkness
over night, EV@S{/)orate the solvent. Distribute the dark resi du% gtween 500
mL of et hyWORMUI%R  and 150 nL of 10 % Na2S03. Vash t HEOYGARLEHY action
wth 10 % Na2S03 (2x100 nlL), saturat eC? ueous sodi um chl oride solution (150
raL), dry over Na2SO4 and evaporate. @'stal ize the yell ow residue from
ethanol to yield 16.2 g (83% of

4-chl or05-i odo-7Hpyrrol o[ 2, 3-d] pyriraidine as off-white crystals.
Evaporate the nother |iquor, dissolve in toluene, and purify by flush
chromat ogr aphys @8): $i4+6e [@el f.7x 4 cm). Wash the colum with toluene until
the eluant is colourless then elute the title corrdpound with 5 (Vethyl
acetate in tol uends FYMRATE Oéﬁ‘e%%@?ﬁgdngélmﬁ%pﬁpﬁf Feraaly Bﬁﬂfé“t“ %Pepar ation

110 -41- Preparation 94.

4- ( 4- Chl or o+FHpy+roler23—dirw-m-din—5—y)—2rethyb-bt—3va-—2-06
o Py y=re s a/[SJ( S iz

arge 4-chljqgro-5-i odo- 7H pyrrol of dBP,q%]RBy“md ne (5.0 ,_ﬁ ?155 2-
met hy1- 3- bLJ;"?I""'if’Et‘BP . MBQRL | s06 0 93el)—EHT-{-1-B6g,
0.4eq), DMFi( ' er argort%at nosphere.
Stir the reaetion—mas e—fpr—5m-A—=E€har ge
Pd(PF h3)4 (11 Ss at 450X or [L6h.
Moni t or t he Feaett+on 970 o) xam Yo-Acetone)
Concentrate it he peacti é ¥ﬂkﬁom(ﬁ’m’m'{?a%:uml(]"n’lyY gérrngemeghyl a@m(at:a and gi ve
was hi ng w t h—wat-er—afd Spoll elgll gl%cd ag- sodi-unmcht-ortde: Y the—ot V] nic | ayer

over anhydrous Na2SO4 and concentrate it under vacuum Crystallize the
conpound i5n 65% CHC13 : 23% hexane Eb@_mﬂ%_%etone to give the desired

conpound (3. 35g, 79. 7% 4Chlo;|8h§?ﬂ\%%”9 196 3R Jon 111-112 may be
prepared essentially a parati Preparati on Conpound

Physi cal Data 111C@aifiz- @hi@mmlq[%ﬂpmrof[d@eQL%B]SWWWWMB

| 2- - & 11 | 1 a T 1-
L PP Y L et sy

154- Chl or o- 5-@%@6%@%@} 03275 79-THé"HIA B@FVP‘B&E\/-)( R i) gy 59d Y Mol o12
3-dl pyri mli NGd heat to 70“@@49@urs Monitor loss of starting material by HPLC then

4-(4-chloro-7Hp rroI 2 di n-5-yl met hyl but - 3-yn-2- o0l (3. 35qg,
1. 0eq), i m d&2yf “"%%’%Cg‘}{“" e?’é).‘?%)g%“d i"ag‘ératf %Rﬁcﬂé‘é%_ﬁ Felet her (84
tnL) at RT. Ghahk pﬁdtﬁ‘céi&a&tdmmg winss Eﬁ@AﬂCHamd Eaxekdy,tcbncmehhykhe Mirdiydndchl ori de
(1.53g, 1.0eq). Stir the reactlon nass, . or_.the reaction
by TLC ( 5% NEORTTITEBe : Rty B i hp ey 0 oMbl el o

di et hyl et herChethfsdetitrhdy fSead c¢rayremrwuttﬁras?amaltoaxf®@ﬂea(?31§£éﬁﬁﬁ’lnﬁ4€hl oride. Dry
t he organ e "ﬁn%q 5 2 and concentrate it under vacuumto
get the dllegl r%gS%gﬁnd .&%?@gjgéé%eépar ation Conpound Physical Data
114 MS (ES): m/z— 172 [M + H]

Preparation 935
4-Chloro-1H -pvrazolo[3.4-dlpyrimidine

20 To a solution of allopurinol (20 g, 146.94 mmoles) in toluene (205.71 mL), add
phosphoryl chioride (68.27 mL, 734.68 mmoles) and diisopropylethylarriine (56.38 mL,

323.26 mmoles) and heat the mixture at 80°C for 2 hours. Remove the solvent in vacuo

to half and pour the mixture into 2 M potassium phosphate, dibasic (734.68 mL, 1.47

moles) in water at 4°C. Stir the mixture overnight at room temperature. Filter off the
25 precipitate through a pad of celite and wash it subsequently with EtOAc. Separate the

filtrate, wash the aqueous layer with more EtOAc, join the organic iayers, dry it over



4- Chl oro-5-(3-(trimethylsilyloxy)prop-1-ynyl)- 7H pyrrol o[ 2, 3-d] pyri ni di ne
-42- 4-(4-(5-(2,4-D chl orophenyll-1Him

dazol - 2-vl | pi peridin-1-y11-1Hpyrazol o [3 .441- pYrimdine hydrochl oride
Heat a m xture of 4-(4-(2,4-dichlorophenyl)-1Hi m dazol -2-yfl pi peridi ne
(270 ng, OMIA208HBHY4T 4-chl or o- 1H pyrazol o] 3, 4- d] pyri m BEHESYEIO2IHY, 1. 82
nmnol), Et3N5 (0.63 m, 4.5 nmml), and_2-propanol (10 nL) at 90 C

overni ght under N2. Cool the mixture té’roomtenperature and pour into
water (100 nlL) Extract the mxture with CH2C12 (2x200 nlL), conbine the
organic |layers, and wash with water (50 nL). Dry (N a2504)the organic

| ayer, filter the m xture, and concentrate the filtrate in vacuo. Purify

t he residue I j I i.t.h

the Jesidue, guggs?d, ﬂfgraagggi Gt nx?{r)ag%tggmfrd(l%lcgw?ﬁf pPaRor3, B Bl

4- (4-(5-(2, 4-(tﬁg;l?|¢@D/@blhféh%ﬁli)yﬂiqwﬂioh’iidazol 2-yl)pi Peridin-l-y1)-

1H-pyrazol o[%gl@b@yrng/gu g;squ(ggﬂ ny, 80% . Add hydrochloric acid (2.0 M
aqueous, 0. rrq_ to a suspension of

4- (445- (2, 4-di chl orophenyl) 1H i m dazol - 2-

yl) pi peridi n-1-y1)-1H pyrazol o[ 3, 4peipyioh 03-di ne (300 ng, 0.72 nml) in

nmet hanol (7 nL). Concentrate the mxture In va uo to dryness. Dissolve the
residue in nethanol (2 15 - e earb: (50 nmL) to forma
precipitate. Filter the precipitate, and wash the filter cake with Et20.

D1 ssol ve the sol g 5t RAR], (Gh0) ) 0ol SRUE 150 ERks by acuo to
4- (4- (5- (2, 4<t.ehlLp4. qubmntyia)eadﬂdmdmpdazmwzc Yy ;:hepw:mh mniss ytl()°€]fdr1khpyr azol o[ 3

DY g BT L5000 BRI, PR AR AE A RIEL 15
31-33H may beopr eparosdcewsente divly. Reludebe raadiod mass EXAWFHQE nfonit@EXAMPLE Coi n
ound Ph si Ca'r%!?e%ab {rd frobetadind Bﬁribéﬂz[?%%?ﬁfrﬁ%/ r)eea@ﬁ%%&qithdemcgﬁﬁ’cl) m z

= 2 imdazol peri |n 1-y1)- razo rimcline
hydrochl ori deandmwr [hﬁ/pqncmtra@d rcactm QTESS(CWCF(W‘*M G B’ﬁﬁéﬁmmdrﬂ-‘?irh depaird| -

ether and wash with saturated 2q. sodium chioride. Dry the organic layer over anhydrous
15 sodium sulfate and concentrate it under vacuum to get pale yvellow solid as product (6.2g,
40 %).

Preparation 95-B

1-(4,6-Dichloropyrimidin-5~-yDpropan-1-ol

20 .
Chargc 4,6-dichloro-pyrimidine-5-carbaldchyde (2.5g, 1.0cq) and tolucne {30 mi)
in a round bottom flask, Cool the reaction mass to —10°C. Add ethyl magnesium bromide
(3M) in THF solution (5.1 mL, 1.leq) drop wise at —10°C. Slowly allow the reaction mass
to come 1o RT in 1h, Charge chilled ammonium chloride solution to the reaction mass and
25 extract with diethyl ether. Wash ether layer with saturated ag. sodium chloride solution.
Dry the ether layer over anhydrous sodium sulfate and concentrated it under reduced
pressure to get the desired product (2.3g, 79.3%).
The compound of Preparation 95-C may be prepared essentially as described in

Preparation 95-B.

Preparation Compound
95-C 1-{4,6-Dichloropyrimidin-5-ylethanol

30



M5 (APCl): mz = 4 yppiperidin-1-y1)-1H pyrazol o[ 3, 4-d] pyri m di ne
hydr ochl ori de 380 [M+ H 4-{414-(3-(Trifluoronethyl)-phenyl)-1H M5
éjAPCI ): mz =5 imdazol -2-yl]-piperidin-1-yl}-1H pyrazol of 3, 4-

pyri m di ne h drochl oride 414 [M+ H|
4- (4-(4- (49 "7 rifluoromet hyl ) phenyl)-1H M5 (APQVUSHE21E
i m dazol - 2-vyl )p| per| din-1-yl1)-1H pyrazg o[ 3, 4- d] pyri m di ne hydrochl oride
432 [M+ H -43- EXAMPLE Conpound Physical Data
4-{444-(4-Fluoro-3-trifluoronethyl-phenyl)-1H M (1S): (mz) =7
I m dazol - 2-y1] - pi peridin-1-y11-7H pyrrol o[ 2, 3- d] pyri m di ne hydrochl ori de
431.41 [M+H  6-(445-(4-Fluoro-3-trifluoronethyl-phenyl)-1H

Preparation 95-D

4-Chloro-3-iodo- 1H-pyrazolo(3 4-dlpvrimidine

Charge 4-chloro-1H-pyrazolo{3 4-djpyrimidine (6.1g, 1.0eq), N-iodosuccinimide
5 (NIS)(21.55g, 2.0eq) end DMF (213.5 mL)ina round bottom flask . Stir the reaction
mass at 50°C for 16h. Monitor the reaction by TLC (10% acetone in DCM). Concentrate
the reaction mass under reduced pressure. Charge ethy! acetate and \_#ash with water and
saturated aq. sodium chloride, Dry the organic layer over anhydrous sodium sulfate and
concentrate the organic layer under reduced pressure to give 4-chloro-3-iodo- 1 H-
10 pyrazolo[3,4-dJpyrimidine (6.8g, 61.43%).

Prenaration 95-F

4-Chloro-3-({trimethylsilyDethvovDl-1 H-pyrazolof3.4-dpyrimidine

Charge 4-chloro-3-iodo-1H-pyrazolo[3,4-d}pyrimidine (5.4g, 1.0eq), trimethyl

15 silyl acetylene (11.347g, 6.0¢q), Cul (1.833g, 0.5eq), TEA (2.68 mL, 1.0eq), DMF (67.5
mL), and THF (202.5 mL) in a round bottom flask under argon atmosphere. Stir the
reaction mass under argon atm for 30min. Charge (PPhs).Pd (2.225g, 0.1eq) and stir the
reaction mass at 35°C for 3h. Monitor the reaction by TLC (10% acetone in DCM).
Concentrate the reaction mass under reduced pressure, Charge ethyl acetate and wash

20 with saturated sodium bicarbonate solution, water and saturated aq. sodium chloride, Dry
the organic layer over anhydrous sodium sulfate and concentrate the organic laycer under
reduced pressure. Purify the compound by column chromatography (silica 100-200 mesh,
DCM — Acetone) 1o give desired product (1.81g, 36.14%).

25 Preparation 96
Cvelopropvl-{4 6-dichicro-pyrimidin-5-vi-methanol

Add slowly n-BuLi (2.37 g, 36.0 mmol) to a cooled solution of diisopropylamine
(3.72g, 36.0 mmol) in 50.0 mL THEF at -78 °C under nitrogen atmosphere. Stir the
reaction mixture for 30 min at the same temperature, then add 4,6-dichloropyrimidine
30 (5.0 g, 33.0 mmol) dissolved in 153 mL of THF. Stir the resuitant reaction mixture for an
additional 30 min at —78°C., then add cyclopropane carbaldehyde (2.58 g, 36.8 mmol).

Allow the reaction mixture to warm up to room temperature. Add 50.0 mL of water and



Ms (1S): (mz)

431. 41 [ M+H]

MS (I1S): (MQJ0&88Tnet hyl - 1H-i mi dazol - 2- y11- pi peri di nPETAIPO8{06R143
pyrazol o[ 3, 4-d] pyri m di ne hydrochl ori de 446.2 [ M+H]

4- (4-(1-Methyl-44(3-trifluoronethyl)phdhyl)- M5 (MJ): mz = 11
1H i mi dazol - 2-yl ) pi peri di n-1-y1)-1H pyrazol o[ 3, 4-d] pyri m di ne

hydrochl ori de 428 [M + H]

M5 (APCl): mlz = 12 imdazol-2-yl)piperidin-1-yl)-1H pyrazol o[ 3, 4-
d] pyri m di ne etx-'tyaq{ tﬂgmg&gé \gﬁl e[tl}%r?ac[eMe-tB HJ'O mL), wash with saturated aqueous sodium

10

15

20

25

chloride, then dry over anhydrous sodium sulfate. Concentrate under reduced pressure
under vacuum to give Cyclopropyl-(4,6-dichloro-pyrimidin-5-y1)-methanol (4.0 g, 54%
yield). MS (APCI): m/z =220 [M + H]

Preparation 87
Cvclopropvi-{4.6-dichloro-pvrimidin-3-yl}-methanone

Add chromium oxide (VI) (5.84 g, 58.4 mmoles) portion wise to cyclopropyl-
(4,6-dichloro-pyrimidin-3-yl}-methanol (4.0 g, [8.2 mmotes) in 80.0 mL acetone at 0 °C
and stirr for 30 min at 0 °C. Next add isopropyl alcohol to quench the excess reagent and
stir for another 15 min at room temperature. Cool to 0 °C and pour onto sat, NaHCO;,
solution. Filter through Colite® bed, cxtract with cthy! acctate {(3x50 mL), and wash the
combined organic jayers with saturated aqueous sodium chioride. Dry and concentrate
under reduced 1o give the title compound as a colorless ol (2.0 g, Yield 50 %, 9.2 mmol).
MS (ESY: m/z =218 [M+H].

The following Preparations may be prepared essentially as described in

Preparation 97.

Preparation Compound
97-A 1-(4,6-dichloropyrimidin-3-yDpropan-1-one
97-B 1-{4 6-dichloropyrnimidin-5-ybethanong

Preparation 98
4-Chloro-3-cyclopropyvl-1H -pvrazolo[3.4-dlpyrimidine

Add hydrazine hydrate (2.67 g, 53.4 mmol) slowly to cyclopropyl- (4,6-dichloro
pyrimidin-5-yl)-methanone (9.66 g, 44.5 mmol) dissolved in 300 mL THF at room
temperature and stir for 4 hours. Upon completion, partition the reaction mixture
between water and ethyl acetate, collect the organic layer, wash with saturated aqueous
sodium chloride, dry over anhydrous sodium sulfate, and concentrate under vacuum,
Purify the resultant title compound by passing through a short silica gel (60-120 mesh)
pad using Chloroformy/ mcthanol {97:3) as cluent. .

MS (ES): m/z =195 [M + H].

= 8 imdazol - 2-yl kpi peri din-1-y11-9H puri ne hydrochl ori de -
5-Fl uoro-4-{444-(4-fluoro-3-trifluoromethyl- M5 (1S):
9 phenyl)-1Hi m dazol - 2-yl kpi peri di n-1-yl |
hydr ochl ori de 449. 40 [ M+H]

(mMz)=

-7H pyrrol o[ 2, 3-d] pyri m di ne
4- (444-(4-Fluoro-3-trifluoronethyl-phenyl)-1-

4-(4-(1-nmethyl -44(4-trifluoronethyl)phenyl)-1H



4-(4-(4-(3-Fluoro-4-(trifluoronethyl)phenyl)-1H . M5 (APCl): mz = 13

i m dazol-2-yl)piperidin-1-y1l)-1H pyrazol o[ 3,4- d] pyri mdine hydrochl ori de
432 [M+ H  4-{444-(4-Fluoro-3-trifluoronethyl-phenyl)-1H M (1S): (mz)
= 14 i mdazol - 2-y1] - 3-net hyl - pi peridin-1-y1}-1H pyrazol o[ 3, 4-d] pyri m di ne
hydrochl oride 446.2 [ MtH  4-{444-(4-f) uoro-3-trifluoromethyl -phenyl)-1H
MS (IS): (mz) = 15 imdazol -2-y1]-3-nethyl -piperidin-Il-yl}-7H

pyrrol o[ 2, 3-d] pyri mi di ne hydrochl oride 445.2 [ M+tH 16 4-

(444- (4-Fluoro-3-trifluoronethyl 1).-

met hyl - 1H i m dazol - 2-yl kpi peri di w&#@ pyrrol o[ 2, 3-d] pyri m di ne
di hydrochl ori de M5 (| S}:CHlbtozI-icdodAB pRribMiHB-Al#yrimidine '
4-{4-14-(4-Fluoro-3-trifluoronethyl-phenyl)-5- . .

met hyl - 1H i milfasadye @DW%?ﬁéM%WQCWi7§-&I£U PR ZBI0dF-300psagGRiETds dide

di hydrochlgri de, N5 ; )N . - :
Cabae a8 RpBRL R AL S UEIDREC foak Mt ¥ temperaturg in hg darkncss
met hyl - Id¥et fi g8z Blapdratd fhepdddesmit.d DistAbyd hOfhrk pusitnebetwepd 1506 mIoof eiyld46. 2
Mt .
[ MH acetate and 130 mL of 10 % NaySO;. Wash the organic fraction with 10 % Na;SO;
~ (2x100 mL), saturate aqueous sodium chloride solution (150 mL), dry over Na;5SO, and

evaporate. Crystalize the yellow residue from ethanol to yield 16.2 g (83%) of 4-chloro-
5-iodo~7H-pyrrolo[2,3-dlpyrimidine as off-white crystals. Evaporate the mother liquor,
dissolve in toluene, and purify by flush chromatography on silica gel (7x 4 cm). Wash
the column with toluene until the eluant is colourless then elute the title compound with

5 % ethyl acetate in toluene to give an additional 3.5 g of the product.

Preparation 110




19 20 21 22 -44- EXAMPLE Conpound Physical Data = 23
4-(4-[5-(2-Chloro-5-trifluoronethyl-phenyl)-1H

i rai dazol -2-y11-pi peridin-1-yll-1H pyrazol o[ 3,4- d pyrimdine

di hydrochloride M5 (1S): (mz) = 448.2 [M+1l-1] 24

4-{445- ( 3- FvoanmABssT i f | uor omet hyl - phenyl) - 1H- PCT/US2008/062143

‘i mdazol -2-yll-piperidin-|l-yl1l-1H pyrazol o[ 3,4- d pyritnidine

di hydrochloride M5 (1S): (mz) = 432.2-4§MH 25
4-(415-(2-Fluoro-5-trifluoronethyl -phenyl)-1H

i m dazol -2-y1]-piperidin-1-yl}-7Hpyrrolo[2,3- d]pyrimdine dihydrochloride

4-(4-Chioro-7H-pyrrolol2,3-dipyrimidin-5-vH)-2-methvlbut-3-yn-2-0l
Charge 4-chloro-3-iodo-7H-pyrrolof2,3-dipyrimidine (5.0g, 1.0eq), 2- methyl-3-
butyn-z-.ol (9.02g, 6.0eq), TEA (1.68g, 0.93eq), Cul (1.36g, 0.4eq), DMF (62.5 mL) and
THF (187.5 mL) at RT under argon atmosphere. Stir the reaction mass at RT under argon
5 atmospherc for Smin. Charge PA(PPhy)s (1.03g, 0.05eq) and stir the reaction mass at 45°C
for 16h. Monitor the reaction by TLC {65% CHCla: 23% Hexane: 12% Agetone).

Concentrate the reaction mass under vacuum. Charge ethyl acetate and give weshing with
water and saturated aq. sodium chioride. Dry the organic layer over anhydrous Na;304
and concentrate it under vacuurm. Crystallize the compound in 65% CHCls : 23% hexane
10 :12% Acetone to give the desired compound (3.35g,79.7%).
The compound of Preparation 111-112 may be prepared essentially as described

in Preparation 110.

Preparation Compound Physical Data
11 3-{4-Chloro-TH-pyrrolo[2,3-dpyrimidin-5-
yljprop-2-yn-1-ol
112 4-Chlore-5-trimethylsilanylethynyl-7H- L.OMS=250{M+H)
-pyrrolo[2,3-d}-pyrimidine
. Preparation 113
15 4-Chioro-5-(3-methvl-3-(rimethvisilvloxyibut-1-vavi}-7TH-pvrolo[ 2.3 -d]pvrimidine

Charge 4~(4-chloro-7H-pyrrolo[2, 3-d]pyrimidin-5-y1)-2-methylbut-3-yn-2-ol
(3.35g, 1.0eq), imidazole (2.9g, 3.0eq), TEA {(2.16g, 1.5eq) and diethyl ether (84 mL) at
RT. Cool the reaction mass to 0°C and add trimethy! silyl chlonide (1.53g, 1.0eq). Stir the
reaction mass at RT for 4h. Monitor the reaction by TLC (5% MeOH in DCM). Charge
20  chilled DM water and extract with diethyl ether, Wash the ether layer with saturated aq.
sodium chloride. Dry the organic layer over anhydrous Na,SO; and concentrate it under

vacwum to get the desired compound (3.06¢,70%).

Preparation Compound ' Physical Data
114 4-Chlore-5-(3-(trimethylsilyloxy)prop-1-ynyl})-
7H-pyrrolof2,3-dpyrimidine

25 | EXAMPLE 1



MS (IS): (mz) = 432.2 [ MtH 26

4- (445-(2-Fluoro-5-trifluoronmethyl-phenyl)-1H

i m dazol - 2-y11-pi peridin-1-yll-1H pyrazol o[ 3, 4- d] pyrim di ne

di hydrochloride M5 (IS): (mz) = 432.2 [ M1-1] 27

6-{415-(2- Fl uoro-5-trifluoromethyl -phenyl)-1H

I m dazol - 2-yl kpi peridin-1-y1}-9H puri-ne di hydro chloride M5 (IS): (mMz) .=
432.2 [Mr1-1] 28 3-Cycl opropyl-4-(445- (4 fl uoro- 3- trlfluorometh-

yl phenyl) - 1H i I-% Iy

di hydr ochl oﬁﬁ@.ﬁﬁ@g}u@ :

30-D

pyrimndine hvdrochioride

Heat a mixture of 4-(4-(2,4-dichlorophenyl)- 1 H-imidazol-2-yl)piperidine (270
mg, 0.91 mmot), 4-chloro-1H-pyrazolo[3,4-dpyrimidine (280 mg, 1.82 mmol), Et;N
5 (0.63 mL, 4.5 mmol), and 2-propanol (10 mL) at 90 °C overnight under Na. Cool the
mixture to room temperature and pour into water (1 00 mL). Extract the mixture with
CH,Cl, (2200 mL), combine the organic layers, and wash with water (50 mL). Dry
(Na,S0,) the organic layer, filter the mixture, and concentrate the filtrate in vacuo.
Purify the residue by silica gel chromatography (25 g of SiOy, elute with CH,ClL,/CMA
10 4:1, 1000 mL) to provide 4-(4-(5~(2,4-dichlorophenyl)-1 H-imidazol-2-yl)piperidin-1-yi)-
1H-pyrazolo[3,4-d]pyrimidine (304 mg, 80%). Add hydrochloric acid (2.0 M agueous,
0.36 mL, 0.72 mmol) to a suspension of 4-(4-(5-(2,4-dichlorophenyl)-1H-imidazol-2-
yl)piperidin-1-yl)-1H-pyrazolo[3,4-d]pyrimidine (300 mg, 0.72 mmol) in methanol (7
mL). Concentrate the mixture in vacuo to dryness. Dissolve the residue in methanol (2
15 mL) and add diethyl ether (50 mL) to form a precipitate. Filter .the precipitate, and wash
the filter cake with Et,O. Dissolve the solid in methanol (10 mL) and remove the solvent
in vacuo to dryness to provide 4-(4-(5-(2,4-dichlorophenyl)-1 H-imidazol-2-yl)piperidin-
1-yD)-1H-pyrazolo[3,4-d]pyrimidine hydrochloride (210 mg, 65%) as an off-white solid.
MS (APCI): m/z = 414 [M + H].
20 The compounds of EXAMPLES 2,4-18, 23-28 and 31-33H may be prepared
essentially as described in EXAMPLE 1.

EXAMPLE Compound Physical Data
4-(4-(4-(4-(Trifluoromethyl)phenyl)-1H- MS (APCI): m/z=
2 imidazol-2-yl)piperidin-1-y})-1H-pyrazolo{3 4- 414 [M + H]
dlpyrimidine hydrochloride .
3
4-(4-{4-(4-Chlorophenyl)-1H-imidazol-2- MS (APCI): miz=
4 yl)piperidin-1-yl)-1H-pyrazolo{3,4-d]pyrimidine | 380 [M + H]
hydrochlonide
4-{4-[4~(3-(Trifluoromethyl)-phenyl)-15- MS (APCI): miz=
5. imidazol-2-yl]-piperidin-1-yl}-1H-pyrazolo[3,4- | 414 [M + H]
dlpyrimidine hydrochioride
4-(4-(4-{4-fiuoro-3-trifluoromethyl)phenyl)-1H- | MS (APCD): m/z=
6 imidazol-2-yl)piperidin-1-y1)-1H-pyrazolo[3,4- 432 (M +H]
d]pyrimidine hydrochloride




31 6-{414-(4-Trifl uoronet hyl-phenyl)-1Hi n dazol -

‘2-yl | -piperidin-1-y1}-9H purine hydroeftori de M5 (ES):

32 6-{4-[4-(3-Trilluoronethyl-phenyl)-1Hi m dazol -

2-y1]

-pi peridin-1-yl}-9H purine hydrochloride M5 (ES):
33 4-(444-(4-Fluoro-3-trifluoromnethyl

- phenyl) - 1-

(n z)
(' z)

nmet hyl - 1H- 1 m dazol - 2-yl kpi peri din-1-y1}-7H pyrrolo[ 2, 3-dl pyrimcline
hydr ochl or | [ de I\/B ( ES) (m2) 445.0 [ M+1-1] -45- EXAMPLE Conpound
i’m/smgl 43 (J_ S50y 1141(4 trlfluoromthwh)yghgr;yaga
I M daz®o ya 1 1 Il
di hydrochl ori dé i?:o Lg]gﬁ th %nJml %ﬁ;ﬁ?ﬁimﬁy eﬁ%&ll ]\%/éi]( MCl
= 441 [M|+ BIT diigd ’8—&7? %;‘? ae{L:
4( 441, 5- di_met hy1- 443Ipyimid 1R¢r henye-
1Hi i dazol - 2-yl ) pi fei4-0i-tA-Flup1o-3 @ﬂwﬂwf&ywhewh}%yr iMP diSelmz) =
di hydrochl ori e ( Couiptidzgl-2edlepipendin-vli} Péf-nysifeor manm det3i4lAMBTL MOl ) :
= 441 [M{+ 1] dii|so@esgpidrichyl anmi ne)
5-Fluoro-4-{4-{4-(4-fluoro-3-triffuoromethyl- MS (IS): (m/z) =
9 phenyl)-1H-imidazol-2-yl]-piperidin-1-yl}-7H- 449 40 [M+H]
pyrrolo[2,3-d]pyrimidine hydrochloride
4-{4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-1- MS (IS): (m/z) =
10 methyl-1 H-imidazol-2-yl]-piperidin-1-yl1}-1H- 446.2 [M+H]
pyrazolo[3,4-d]pyrimidine hydrochloride
4-(4-(1-Methyl-4-((3-trifluoromethyljphenyl)- MS (APCI): m/z=
11 1 H-imidazol-2-yl)piperidin-1-y1)-1H- 428 [M +H]
pyrazolo[3,4-d|pyrimidine hydrochloride
4-(4-(1-methyl-4-((4-triflucromethyl)phenyl)-1H- | MS (APCI): m/z=
12 imidazol-2-yl)piperidin-1-y}}-1H-pyrazolo[3,4- 428 M+ H]
djpyrimidine hydrochloride
4-(4-(4-(3-Fluoro-4-(trifluoromethylyphenyl)-1- | MS (APCI): miz=
13 imidazol-2-yl)piperidin-1-y1)-1H-pyrazolo[3,4- | 432 M+ H]
dpyrimidine hydrochloride
4-{4-[ 4-(4-Fluoro-3-trifluoromethyl-phenyl)-1H- | MS (I8): (m/z) =
14 imidazol-2-y1]-3-methyl-piperidin-1-yl}-1H- 446.2 [M+H]
pyrazolo]3,4-d]pyrimidine hydrochloride
4-{4-[4~(4-Fluoro-3-trifluoromethyl-phenyl)-1H- | MS (IS): (m/iz) =
15 imidazol-2-y1]-3-methyl-piperidin-1-yl}-7H- 4452 [M+H)]
pyrrolo[2,3-d]pyrimidine hydrochlonide
4-{4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-5- MS (IS): (m/z) =
16 methyl-1H-imidazol-2-y1]-piperidin-1-y1}-7H- | 445.2 [M+H]
pyrrolo[2,3-d]pyrimidine dihydrochloride ' _
4-{4-[4-(4-Fluoro-3-trifitucromethyl-phenyl)-5- MS (IS): (m/z) =
17 methyl-1H-imidazol-2-yl]-piperidin-1-y1}-1H- | 446.2 [M+H]
pyrazolo[3,4-dJpyrimidine dihydrochloride
6-{4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-3- MS (IS): (m/z) =
18 methyl- 1H-imidazol-2-y1]-piperidin-1-yl }-SH- 446.2 [M+H]
purine dihydrochloride
19
20
21
22 .

414.0 [ M+H]

414.0 [ M+HL



33-C 4(444(3- chl oro- 4-f1 uorophenyl) 1, 33 di met hyl -

1H i m dazol -

2-yl)piperidin-1-y1)-1 prrézol o[ 3, 4-d] pyri m di ne

di hydrochl oride (Coupling reaction in dinethvlfortnamde with M (APCI)

mz 42

4(444(3 f 1 uorophenyl)-1, 5-di net hyl-1H

5 [M+11]

di i sopropyl et hyl ami ne). 33-D

I m dazol -

H-pyrazol o[ 3, 4- d] pyrim dine di hydrochl oride (Coupling reaction in

2-yl)piperidin-1-y1)-1

‘di-met hyl formamide with MS (APO): m z 391 [m +11] -diisopropylethylam ne)
33-E 6- 1[4&44AR5p4-10) T | uor o- phenylﬁ:eﬁrpbaaﬂr opyl-1H- Physical Data_
I m dazol {2=yIT=-pi peridi n- I-y11- 9H purine hydrochloride M5 (MCl): mz|= 424
[M+ El] 33-F'4-{4[4(34 Difluoro phenyl) 1- isopropyl 1H ' :
i m dazol -2—y+i-pi-pe 1= | ETTE. gydrochl ori de
VB (APCI): Mz, = Zzzmﬁ G ?“@LEP%&@W b i BT NS S BV
{441- 1 sopr opyd2 443- 5129]6 K Wﬁﬂ@y&b’{pw&oloﬁ A | 448.2 [MAH]
1H-i m dazol - 2- yl kpi '@ | o[ 2 3-alpyrinidin L ori de
MBS (MOI):| mz = 458 4 M—&S (3=EIPOWSS tMoromathyl-phasg)- Lt 41M3) (18:33#14;
4-{ 4] 1- 1 Sopr opy 1- 4(|3nkddzb)-Rrotlenparhin-1 phpayipyrazolo[3,4- 432 2 [M+H]
1Hi m dazol - 2- yl kpipgpirtthidide dEidrddiyridez ol o 3, 4-d] pyriim di ne_hydr ochlori de
4-{4-15-(2-Fluoro-5-trifluoromethyl-phenyl)-1H- | MS (IS): (m/z) =
25 imidazol-2-y!]-piperidin-1-yi}-7H-pyrrolo[2,3- 432.2 [M+H]
dlpyrimidine dihydrochloride
: 4-{4-[5-(2-Fluoro-5-triflnoromethyl-phenyl)- 174~ | MS (IS): (m/z) =
26 imidazol-2-yll-piperidin-1-yi}-1H-pyrazolo[3,4- | 432.2 [M+H]
dipyrimidine dihydrochloride
6-{4-[5-(2-Fluoro-3-trifluoromethyl-phenyl)-14- | MS (IS): (m/z) =
27 imidazol-2-yi]-piperidin-1-yl}-9H-purine 432.2 [M+H]}
dihydrochloride
3-Cyclopropyl-4-{4-[5-(4-fluoro-3-trifluorometh- | MS (IS): (m/z) =
28 . yiphenyl)-1H-imidazol-2-y1]-piperidin-1-y1}-1H- | 472.2 [M+H]
pyrazolo[3,4-dipyrimidine dibydrochloride
29
30
30-A
30-B
30-C
30-D
6-{4-[4-(4-Trifluoromethyl-phenyl)-1H-imidazol- | MS (ES): (m/z) =
31 2-y1-piperidin-1-yl}-OH-purine hydrochloride | 414.0 [M+H]
6- {4-[4~(3-Trifluoromethyl-phenyl)- 1 H-imidazol- | MS (ES): (m/z) =
32 2-y]-piperidin-1-yl}-0H-purine hydrochloride | 414.0 [M+H]
4-{4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-1- MS (ES): (m/z) =
33 methyl-1H-imidazol-2-yl]-piperidin-1-y1}-7H- | 445.0 [M+H]
pyrrolo{2.3-dlpyrimidine hydrochloride




REFERENCE EXAMVPLE 34
54-{44544- Fluoro-3-tri fl uoronet hyl- nhéiwl) - 14 i m dazol- 2-v11l- Mperazi n-1-y1)
-1H nvrazol or 3, 4-dl nvri m di ne hydrochl ori-de Conbi ne

14544- Fl uor o- 3-tri fl uor onet hyl

- phenyl) - 1Hi m dazol

- 2-yl kpi perazi ne (195 ng,

1.00 equiv; 0.620 mmol es); 4-Chloro-1H pyrazol o[ 3, 4-d] pyri m dine (1.00
equi v; 0.620 mvles; 96 ng); isopropyl alcohol (3 m);
di i sopropyl et hyI amne (1 n). 10 and heat in a m crowave reactor at 80C for
E/gOIrPV n. E ! ne Teact | on ﬁnana purify on "SI T iph3eigA DRt N )?/;/o f
CoFb-Ae— LIU 2132 (0" [II (€]
4- {445-(4- Fluor0-3 4f(|4’ @1 %fbhf;ﬁ Tqugbenlyﬁ‘l czggl( g@u pi per azin-
1 -yl}-1H pyrazol o[ 0} 5 the free 4aagpl + B]DCM MeOH and
add 1.0 eq 1M-ACL i@ S4%ure t9 gi ve 237.2 ny|4-
(44544- Fl uoro-3-t1{ mdwmfkmz;ﬁavrmm.zdﬂzﬁ!zm 2-yl kpi perazin{ | -yl
- 1H pyrazol o[ 3, 4- E)dlzmmomwrochl oride. M5 (ES): mz = 443 [M+ H].
The fol | gwing conmpoynds( Mn&ﬁl}@ﬁ%&hﬂdoﬁmm};ﬂchyl)as MBg4PChednkr EXAVPLE
34. EXAMPLE Conpound gPhysghsl- 3@%1% (59-132 4 4. 4543 - ChI ro-4
- f1 uor o- phenydly- 111\ i, 0182 @l 12z midine dihvdroch onde 441 ™M
yli-pipenidin-I-ylk- i Hydrcchlorlde mz =398
[ Me-i-H |36 4- (4454 : y1)- 113-
i i dazol 12-y1}- pi pedisgmrogvielilaming o, o oo o di nyr. -
hydrochl dri de m z = 434g4 @zphierﬂ 4-Byorgphanyy- s d(l@efﬁzifdi YN CRerg?) |
1H i m dazol - 2-y1}- plu%emqum- per_n.dmﬂysrlhiéﬁo[s 4- d] Py ik gligne
hydrochl ari da34@vi = pdiakoloid4flipyrimidine dihydrochlonde
(Coupling reaction in dimethylformamide with
diisopropvlethvlamine)
4-(4-(4-(3-fluorophenyl)-1,5-dimethyl-1H- MS (APCI): m/iz=
imidazol-2-yl)piperidin-1-y1)-1 H-pyrazolo[3,4-
33-D dlpyrimidine dihydrochloride 391 [M+H]
(Coupling reaction in dimethyiformamide with
diisopropvlethvlamine)
6-{4-[4-(3 ,4-Difluoro-phenyl)-1-isopropyl-1H- MS (APCI): m/iz=
33-E imidazol-2-yl]-piperidin-1-yl}-SH-purine '
‘hydrochloride 424 M +H]
4-{4-[4-(3 ,4-Difluoro-phenyl}-1-isopropyl-1H- MS (APCI): m/z=
33-F imidazol-2-y1]-piperidin-1-y1}-1H-pyrazolo[3,4-
d)pvrimidine hydrochloride 424 [M+H]
4-{4-[1-Isopropyl-4-(3-trifluoromethyl-phenyl)- | MS (APCI): m/iz=
33-G 1H-imidazol-2-yl]-piperidin-1-y1}-7H-
pyrrolo[2,3-d|pyrimidine hydrochloride 455 [M+H]
4-{4-[1-Isopropyl-4-(3-trifluoromethyl-pbenyl)- | MS (APCI): m/z=
33-H 1H-imidazol-2-yl}-pipenidin-1-yl}-14-
pyrazolo]3 A-d]pyrimidine hydrochloride 456 [M+H]
REFERENCE EXAMPLE 34
5 4-{4.75-(4-Fluoro-3-trifluoromethyl-phenvl)-1 H-imidazol-2-vl]-piperazin-1-vl}-1H-

10

pvrazolo[3.4-dJpvrimidine hvdrochloride

Combine 1-[5-(4-Fluoro-3-trifluoromethyl-phenyl)-14- -imidazol-2-yl]-piperazine
(195 mg, 1.00 equiv; 0.620 mmoles); 4-Chloro-1H-pyrazolo[3,4-dpyrimidine (1.00

equiv; 0.620 mmoles; 96 mg); isopropyl alcohol (3 mL); diisopropylethylamine (1 mL)

and heat in 2 microwave reactor at 80°C for 60 min. Evaporate the reaction mixture and

purify on silica gel with 5% MeOH/DCM. Combine the fractions to give 213.2 mg



38 4-(4-14-(4-Fluoro-phenyl)-1Himcl azol-2-yl)-
- 1H pyrazol o[ 3, 4-d] pyri m di ne hydrochl ori de odz
{44443 - Chl or o-4-fl uoro-phenyl)-1-ethyl -
i m dazol -
= 426 [k dog/14487 4-
inidazo
= 412 [ M++H 41 6-
|n1dazol 2-yl]-piperidin-1 -y1)
-A 3-Cycl opropyl-4-(4-(4-(4-fluoro-3-
(triquoronEthyI)phenyl) 1- met hyl -
yl) pi peri din-|
3- Qycl opr opy 19-
-1Him ?agiln i
(MH): mz =
pi peridin-| - yaln1j dddl‘l‘i—*’ﬁﬁ”‘aﬁ@ll

[ Me+H] 43 4- 1Hadrel3 (rzl,uémamhmms@-})abbemda)zom:ﬁ] -pipeaaol y2- lyﬂg}yrazﬁib{p,élfl d| n- | -yI |

| H

111-i m dazol - 2-
zol o[ 3

-4%/4(“1471‘3{ /@Q(Pégfsz ﬁr[ﬁ1({18}?1@[%*1}@%19%@):%&}%—&%&1“8 IH—nm:daze

%) E:téerﬂf Cg?clﬁéj;{:a}?

pi peridin-|-yl}
= 364.2 [M.+1{1 39 4-

2-y1] - pi peridin-1-y1}-1H pyrazol o[ 3, 4- dl pyri mi di ne hydrochlorlde
(444- ( 3- Chl or o- 4-f | uor o- pheny1) parusbéspbzitH

-2-yll-piperidin-1-yl)-1H pyrazol o[ 3, 4- d] pyri m di ne hydrochl ori de
(4-[4-(3-Chl or 0-44- f | uor o- phenyl ) - 1-met hyl- 1H

-9H purine hydrochloride niz

-y%}

}ym szrﬁh%'fd[ﬂll mpynm@mlﬁxsswta@@éa@g@,xﬁadwermm dl ne MS

ﬂ%l%ww&éﬁg §é4 4-

razo) of HHJ |n%g e hydrochloride salt nilz 382. 0 [ M++H]
£ oot e By e |
MS (ES): m/z = 443 [M + HJ.
The following compounds may be prepared essentially as described in EXAMPLE
34,
| Physical Data
EXAMPLE Compound MS (ES)
4-{4.[5-(3-Chloro-4-fluoro-phenyl)-1H-imidazol-2- | m/z = 398
35 yl]-piperidin-1-yl}-1H-pyrezolo{3,4-dJpyrimidine [M™+H]
hydrochlonde
4-{4-]5-(4-Chlore-3-trifluoromethyl-phenyl)-17- miz = 348
36 imidazol-2-yl}-piperidin-1-yl} -1 Hpyrazolo{3,4- M'+H]
dipyrimidine hydrochloride '
4-{4.75-(3 4-dichioro-phenyl)- 1 H-imidazol-2-yl}- miz = 414
37 piperidin-1-y1}-1H-pyrazolo]3,4-djpyrimidine’ M +H]
| hvdrochloride
. 4-{4-I 4-(4-Fluoro-phenyl)-1 H-imidazol-2-y1}- miz = 3642
38 piperidin-1-y1}-1H-pyrazolo[3,4-djpyrimidine IM"H]
hydrochloride
4-{4-[4-(3-Chloro-4-flucro-phenyl)-1-ethyl-1H- m/z = 426
39 imidazol-2-y1}-piperidin-1-yl} -1 H-pyrazolo[3 4- [M™+H]
dipyrimidine hydrochloride
4-{4-[4-(3-Chloro-4-fluoro-phenyl)-1-methyl-14- | miz = 412
40 imidazol-2-yi]-piperidin-1-yl}-1 H-pyrazolo{3 4- M +H]
dipyrimidine hydrochloride
6-{4-[4-(3-Chloro-4-fluoro-phenyl)-1-methyl- 1H- miz =412
4] imidazol-2-yl}-piperidin-1-yl}-9 H-purine [M*+H]
hydrochlonide
3-Cyclopropyl-4-{4-(4-(4-fivoro-3- 7 MS (M+H):
41-A (trifluoromethyl)phenyl)- 1 -methyl- L -imidazol-2- m/z = 486.5
yvpiperidin-1-v)-1H-pyrazolo[3.4-dipyrimidine
3-Cyclopropyi-4-(4-(4-(3 4-diftuorophenyl)-1- MS (M+H): m#z
41-B methyl- 1 H-imidazol-2-yhpiperidin-t-y[)-1 A~ =436.4
pyrazolo[3,4-djpyrimidine
4-{4-[4-(3-Chloro-phenyl)- 17-imidazol-2-y1l- m/z = 380.2
42 piperidin-1-yl}-1H-pyrazolo[3,4-d]pyrimidine [M™+H]
hydrochlonde
4-{4-14-(2, 4—D1ﬂuoro—phenyi) 1 H-imidazol-2-yl}- m/z = 382.0
43 piperidin-1-yl}-1H-pyrazolo{3,4- a'jpynmldmc IM™+H]
hydroch\onde salt

= 412 [ Mr+H. ]

= 486.5 41-B




MS (ES) 44 4-1444-(3-Chlor0-5-fl uoro- phenyl) - 1Hi m dazol

yl kpi peri

dazol

din-1-yll

-2-yll-pip eridin-1-yl)
hydrochl ori de Ms (MCl):

-1H pyrazolo [3 ,4

mz = 395 [M+ H 44-B 6-

{4-[4-(3, 4-Di fluoro-phenyl)-1-m et hyl -

-2

~Htpyrim di ne hydrochl oride nilz
398.0 [ M++1-1] 44-A 4- {444-(3,4-Difluoro-phenyl)-1-nethyl-1H

-7H-pyrrolo [2,3- d syrimdine bis

i m

i m dazol - 2-y11-pi peridin-1-yll-9H purine bis. hydrochl oride M5 (M): =

_39_6d[ M I-|r = |44 C4- 34441(\3 lC:’lI or70 4-1T uor o[ rz)hgn 3(;]1) 1 - rrg?ﬂwc;égam

i m dazo X‘ﬁ’tﬁﬁl i n- yll - pyri midi ngg

hydr ochl C'ZE':‘"' o |-ﬂ:uomf’p'ﬁ'é@ -imidazgl-2- ) :

{444- (3-Qnl org- 4-f| j Wf@ 'S0 é’j m-qaz i’“ ﬁlperlclln-l

-y11- 14 dyrazbfo [ 3, %lpipe ‘1%P W%d&é’ PWW = 4 %@% F1V1++H] 46

A4-{4-[4-(I3,4-Di f] uorhy dp- 1-nethyl -11/- i midazol-2-ylil-piperidindl

-y11- 1H pyrazol o [ 3, 4{4-[4-(3, ymiﬂu@p@eny]dﬂo@mhahlﬁe n 7z = 368 (4P Ne+H| 47 4-

(4-[4-(3,4- Diatlaior o- mhm&)lwyllkblpmdiazleyl}27—f9—[p}mrob[233er| di n-m/2=3¢p| [M+

- 1H pyrazol o[ 3, 4- d] py (ﬂuﬁtﬁmﬁlﬁﬁtﬁzﬁeﬂﬂbﬁdt de mz = 382.0 [[ME+H 48 4- {44443

-Trifl uorpomet “y' p“eéb(h 2B a0 eRy VI KBERERED n- 1| MS (ABCL):

- yL1- 7 pyrr ol gk 2, 3 RN i ASehMANOGHLOTEdRnahR = 413 | [ME<Hbs v+
hydrochloride’ H]
4-{4-14-(3-Chloro-4-fluoro-phenyl)-1-methyl-1-- MS (APCI):
imidazol-2-yl]-piperidin-1-yl}-7H-pyrrolo[2,3- miz=411 M+

#4-C | npyrimidine bis hydrochloride | H]
4-{4-[4-(3-Chloro-4-fluoro-phenyl)-1-isopropyl-12- | m/z = 440.2
45 imidazol-2-yl]-piperidin-1-yi}-1H-pyrazolo[3,4- M +H]
dipyrimidine hydrochlonide
4-{4.[4-(3 ,4-Difluoro-phenyl)-1-methyi-1H- m/z =396.0
46 imidazol-2-yl]-piperidin-1-y1}-1 H-pyrazolo[3,4- PIMHH]
dipyrimidine hydrochloride
4-{4-14-(3 4-Difluoro-phenyl)-1 H-imidazol-2-y!]- m/z = 382.0
47 piperidin-1-yl}-1H-pyrazolo[3,4-d]pyrimidine IM-+H]
hydrochloride ' |
4-{4.[4-(3-Trifluoromethyl-phenyl)-1H-imidazol-2- | m/z = 413
48 yl]-piperidin-1-y1}-7H-pyrrolo[2;3-d]pyrimidine [M+H]
‘hydrochloride
4-{4-[1-Methyl-4-(3-triflucromethyl-phenyl)-14- m/z =427
49 imidazol-2-yl}-piperidin-1-yl}-7H-pyrrolo[2,3- [M*+H]
dlpyrimidine hydrochloride
6- {4-[ 1 -Methyl-4-(3-trifluoromethyl-phenyl}-14- m/iz = 428
50 imidazol-2-yl]-piperidin-1-y1}- 9H—punne [M+H]
' hydrochloride
50-A
50-B
50-C
50-D




49 4- {441-Methyl-4-(3-trifluorone vyl -%henyl)-lH : : '

I mdazol-2-yl]-piperidin-1-y1}-7H pyrrof o[ 2, 3- d] pyri m di ne hydrochl ori de
mz = 427 [M+H 50 6- {441-Methyl-4-(3-trifluoronetlayl-phenyl)-1H

i m dazol - 2-yl ki peridin- 1 -y1} -9H purine hydrochloride mz = 428 [ Mt+H|

50- A 50-B 50-C 50-D -48- EXAMPLE Conpound Physical Data M5 (ES) -
50-E 50-F
Physical Data
EXAMPLE Compound MS (ES)
50-E
6~ (A-(A-(3-bromophenyl)-1-methyl-1 A-imidezol-2- | ES-MS (M+H)
50-F yi)piperidin-1-yl)-OH-purine hydrochloride = 438.0
4-(4-(4-(3-bromophenyl)-1-methyl-14- -imidazol-2- ES-MS (M+H)
50-G yhpiperidin-1-y1)-1H-pyrazolo[3 ,4-dlpyrimidine =438.0
hvdrochloride
50-H
50-1
5
10
15

20



6- (4-(4-(3-bronophenyl)-1-nethyl-1Him dazo 2- yl)piperidin- 1

-y1l)-9H purine hydrochloride ES-Ms (MtH) = 438.0 50-0

4- (4- (4-(3-bronmophenyl)-1-net hyl - 1H i m dazol -

yl ) pi peridin-1-yl)-1H pyrazol o[ 3, 4-d] pyri me hydrochl oride ES-M5 (M+H) =

438.0 50-H 50-/ 5 10 15 -49- BEXRAMPLE 53- A
44444(4-fluoro-3-(trifluoromethyll phenvl)-1-methyl-1H i m dazol-2-vl)pip
eridin-1-vl)- 3-methyl -1H pyrazolol3. 4-dl1 pvrim dine In a

m crowave vi al charge

444- (4-fluoro-3-trifluoromethyl - phenyl) 1- nethyllH-lnldazoI 2-yl1ll-piperidin

e di hydrochloride salt (0.5g, 1.0e }

1- (4, 6- dlchloropyrlnldln 5-y1) - eth 1.0eq), TEA (1.2 ni, 8.0eq)
I I St h 1A 3

and isopropy! 3? 2& fgggg ;gﬁg%q iq nin

i crowave. N e pgrgme i Iphen ]

reaction nass to 000 and ad@%gq ﬁﬂg@d[mQﬁ\&nﬁam@L 1.2eq). S owI y
bring the reaction mass to tirr the reaction _mass at 8QC for 45mn in
m crowave. Moni fora mHeromasie ti@nchapeer Ad A(¢osavedHrifinopenhylahse il rasayl he
reaction der. V.3 uum Char ace e t wa Grovat er
and satur gﬁzéﬂ%gaz% R%EHF%‘F" dﬁﬁy‘%&&ﬁ‘%e o%%{anl((gg ayggg%%e%%\#h% ous
Na2SO4 and ,GRRGERLI- ﬁl[)«%tﬂahow(iﬁﬂgt emqudrmwss:ume 8 gy fned id@prc@ghﬁlowmdi (by
col um chrgmat ogr ap (Silica gel 60-120 mesh, DCM - Met hanola1 ¥1 II|ze
the productni S@mﬂnwbacézpnénasarﬂag@ G far43 min én grgewave. Monitor the reac
4-(4-(4-(4-fluoro-3-(trifluoronethyl)phenyl)-1-nethyl 1H i m dazol -2- yI)p
iperidin-1-yl)-3-nethyl-IH pyrazol o[ 3, 4-d] pyrimdine (0.254g, 1050.29% . MS
(Mi-H. mz = 460.5




The foll ow ng exanple may be prepared essentially as described in Exanple
53- A. Exanpl e Conpound Physical Data - 53 B 3-Ethyl-4-(4-(4-(4-fluoro-3-
(trifluoronethyl)phenyl)-1-nethyl-1Him dazol -
2-yl)piperidin-l-yl)-1H pyrazol o[ 3, 4- d rimdine M5

5E¥(A?V2LE 53{@0{;3/14%94)7 24 [ I'py ) gcrfggzoesmszm
3-ethynyl-4-(4-(4-(4-fluoro-34trifluoronethyfiphenvl)-1-nethyl-1H i m dazol -
2- vflpineridin-1-v1)-1H pvtazol 013, 43t ovri m di ne In a mcrowave
vial charge
4-[4-(4-fluoro-3-trifluoronethyl-phenyl)-1-nethyl 1H i m dazol - 2-yl kpi peri din
e.2HC (0.2g, 1.0aq), 4-chloro-3-trinethylsilanylethynyl-1H 20 pyrazolo
[3,4-d] pyri 7. 6eq)
nd 1 sopr opyl 1 (EAGReCHh g S me R RRRERPK GL MG A Ay Tl T P

m crowave. M®Wt ot. th@ﬁﬁ%ad!h@mtbyﬁﬁb@m@3@@@#@%§@m§wﬂﬁmﬂﬂwyﬁs@deéntrate
the reaction Y t e, t

sat ur at ed aqfﬁﬁﬁﬁwﬁﬁﬁgﬁﬁbfﬁkg Mmﬁg?tﬁ%%ﬁgﬁgn%ﬁeﬁéyerbb$%¥ﬁgﬁ%;§?gﬁs Na2504
and concent r dioacentraty g spactiengmess andst sgpmneCharggr sty et 24 Rgipouéh by col um
chromat ographysd 2hd {aaRet@flq. IAm2Q0 2B SHry ¢ M%ame% QA& )anky@drddlh WQgSOq
4-14-[4-(4-fluoro-3-trifluoronethyl-phenyl 1 1H | dazol 2-yThpi per
i di n1-y1}- 3- t4f NeonpRpTa | }fah%%tfﬁ%ﬂﬁ%iilpiwﬁirr 8 ofs, aof%f]oﬁv{n% §PHE" (0. 180,
60.56% - 51-chromatogra dRa 4et sh424 ﬂ'rc(i‘A{)de\«DOI‘[\@e’t}&mBHj Idrjfsuﬂll‘z@mtﬂﬂ()ducz-xﬁhenyl ) |
-nethyl-1Hi m dazol - 2-y

si | anyl et hy nydlmlﬂl-l-eﬁ‘?'r%{‘fc;]fl’éf)é t%gﬁ’éﬁgft‘("h%dé“r‘i’éo % @f“g‘gﬁorxeihy@@l}ffﬂ} K&5h. 057¢,
3.0eq), MeOH (IBimfddxb)2-AnthePEM! (y1)- Bibethitl) | H-pyracioBumndphptidiem f | a@ikkS4Gtir t he
reactlon Om n nitor the reaction by TLC (30% Acetone in
. 5 Cd ce%ﬁ%é$§ﬁ§ﬁ€+ eﬁgilg%%nass under vacuum Charge DCM and gi ven
vvat er and sat ur at &8 fatowispehatinie alal o¢ premradasdentindis as @royibechie Eargnie | ayer
over anhy. Na2SO4 and concentrated it under vacuumto give '
3-ethynyl-4-(4-(4-(4-fluoro-3-(trifluoronethyl)phenyl)-1-nethyllHim dazol -
2-yl) pi peri d| nEtamglld - | H pyr azol o[ Gendpaddhgyri m di ne (Q. QPAgsicallBa@7%|. LCMVS =
470.4 (Mr1).| 10The f o] 3-Biwirg4edipliomat3nmay be prepare@ﬁéﬁﬁéﬁtméFiy as
descri bed in| Ex 5@ foroEx dsthenyOorpotivid Pmyéizdall 4t a 53-D
4-(4-(4-(3,4tDi ??EoroQhEhywﬁdQJ%ﬁEUﬁmeq*ﬂiﬁﬂidazol-2 yl ) pi peridin
-y1l)-3-cthynyl-1H pyrdpalmigine 4-dlpyvrinidine MS (M) : miz = 420
EXAVPLE 53-E 44444-(4-(4-fluoro-3-(trifluoronethyllphenyl)-1
: 15v1) 7H ovrr.ol of 2. 3-dl twri m di n-5-v1)-2-net hvl but - 3-vn- 2- ol

i5 EXANWLE53C
3-ethynyl-4-(4-(4-(4-fluorg-3-(trifluoromethyl)phenvl}- 1 -methvi-1 H-tmidazol-2-

74.6 |

1

Iipiperidin-1-v1-1H-pyrazolo[3 4-dlpyvrimidine
_ In 2 microwave vial charge 4-{4-(4-fluoro-3-triflucromethyl-phenyl)-1-methyl-
1 H-imidazo}-2-y!]-piperidine 2HCI (0.2g, 1.0eg), 4-chloro-3-trimethylsitanylethynyl-14-
20 pyrazolo [3,4-d] pyrimidine (0.151g, 1.1eq), diisopropylethylamine (0.72 mlL, 7.6eq) and
isopropy! alcohol (6 mL). Stir the reaction mass at 80°C for 45min in microwave. Monitor
the reaction by TLC (30% Acetone in DCM). Concentrate the reaction mass. Charge
ethyl acetate and then wash with water and saturated aq. sodium chloride. Dry the organic
layer over anhydrous Na:SO; and concentrate it under reduced pressure. Purify the
25  compound by column chromatography (Silica gel 100-200 mesh, DCM — Acetone) to
givé 4-{4-[4-(4-fluoro-3-triflucromethy -pheny!)-1-methyl-1H-imidazol-2-yl]-piperidin-
1-y1}-3-trimethyl silanylethynyl-1H-pyrazolo[3,4-d]pyrimidine (0.18g, 60.56%)



In a microwave vial charge -
414- (4-fluoro-3-trifluoronethyl-phenyl)-1-nethyllHimdazol-2-yl)-piperidin

- .. e dihydrochloride (0.5g, 1.0eq), 4-chloro-3-(3-nethyl-3-

20t ri net hyl si | anyl oxy- but - 1-yny1l) - 1H pyrrol o[ 3, 4-dbyri m_di ne %}ﬁ

1.0eq), di MEOPPBHYRE hyl amine (2 nl, 7 6eq) and i sopr opyVUSIE %}r‘f’(lo m) .
Stir the reaction -52- nmass at 80Cfor | h in mcrowave. Monitor the
reaction by TLC (10% MeOH in DCM . Conglentrate the reacti on mass under
vacuum Charge ethyl acetate and give water and saturated aq. sodium

chl oride washings. Dry the organic |ayer over anhydrous Na2SO4 and
concentrate it under vacuum Purify the conmpound by col um chromat ography

5(Si | | 60- | . t hyl
e'E hlerl gﬁdgfe il terlj&?‘%JE 3 wu%%st?‘?g%ﬁ‘%ﬁ ﬂh&f?l)hhﬁetmqwﬁtd ign2Ghet hy

roauc
4- (4~ (4- (4- f Ipipen @in3- :(ihartmmﬁ@ﬁéﬁ@vﬁwr)wgrwfﬁ;ﬂwﬁe‘ﬂwfmq*%@ﬁ?%d?@ﬂ) 2- yl) pi pe
ridi ndl yl% Oﬁgdl@mfﬂ%ﬁm oz %]M&dsm@mw DO XYL i 2 W60AE botldek 1 rsak of 2, 3-d] p
ri mdine
2 (4-(4-(4-f Iﬂl?dP%jU‘BU(l%“F #AR L foF SRR MAnit sy agion byrEth PP %erigetons M 2-
10yl ) pi pery d'd?méchﬁfelc) méro%«ﬁroﬁﬁiaﬂmhd@viohﬂm mrymm yﬂdOQI%)a lovtor dndgwit):z TH ]E)lyr r Ic<)l
un om as

o[ 2, 3- 4pyrimdine Oe and TJ - I
Cool the reac*ﬁﬁﬁﬁ“‘i’fﬁg@“‘fe ‘B'@“““ }g‘%ﬁ ‘F?‘&‘Cdﬁi?f §‘§ﬁ%‘%ﬁ (?‘I "Ggf‘?nag 6 19 ni,
2.0cq) drop Wi ®@er v&ufn tb Biee B-emgiyl-om-Magshato- Ririfiorombdyl)phenVphintdyl- t he

W L sat ur ot A ERBRIABPERT Dbk U e bore dniBEel B 2ROn G m "

chloride. Dry47¢ (mrganic |ayer over anhy. Na2SO4 and concentrate it under

vacuum Qystalli2g ARGRE QUG Bl ShOX SLRGHy WkIbbd iR O Ol ve

fluoro-3-(tr |53Kmororret hyI )phenyl) 1- net hyI 1H-i m dazol - 2- yppi peri di n-1-y0-7
VB

Hpyrrol o[ 2, 3 wi 'l'” chi n- 5= yl) Ad:ldﬁ;iléylh&)m-o yT="2=00 (@ Jcidi DRE 70 -

(MH): mz = i Wo:l e&iyl %&M? vy be r{ﬁp_@l? eg.essentially
as descri bed| i n.Exanpl: E. hysi a 53-F
4- (4 (4-(4- (B, 45%5“ S"g%’l PheE er"]y| O(J eals I

i m dazol - 2- yBpirperidi ] -yJ.)- FF pyrrOI of 2,73
dl pyrim di n-5-y1)-2-nethyl but-3-yn-2-ol M (I\/H—l): nilz = 475.6 53-0
3- (4-(4-(4-(3,4-difluorophenyl)- 1- ESARALESAE

i m dazol - 2- yepi@er tﬂddmu%royal&mf%’a%u it HREVA)- Bmethyl- 1 H-imidazol-2-ylipiperidin-1-

I\

gl FZ“(T ?Ijgrrgt h;/I) pLOE) i I 1 . 4 Eim‘i,-%l‘%methvﬂa%t ﬁvnS. -oH
1H i m dazol - 2-y1) pi peridin-1-yl1)-7H pyrroFof
2, 3-di pyrimdin-5-yl)prop-2-yn-1-01 F
FF
NN
6 OH
I
NT
W

In 2 microwave vial charge 4-[4-(4-fluoro-3-trifluoromethyl-phenyl)-1-methyl-
{ H-imidazol-2-yl]-piperidine dihydrochloride (0.5g, 1.0eq), 4-chioro-3-(3-methyl-3-
20 trimethylsilanyloxy-but-1-ynyl)-1H-pyrrolo[3,4-djpyrimidine (0.47g, 1.0eq),
diisopropylethylamine (2 mL, 7.6eq) and isopropyl alcohol (10 mL). Stir the reaction



M5 (MtH): nil.z = 481.4 53-1 5-Ethynyl-4-44-p-nethyl-4-(3-trifluoronethyl -
phenyl)-1H i m dazol - 2-y11-pi peridin-1-yl1l}-7H pyrrol o[ 2, 3-capyri m di ne
(heat in sealed tube 100C overnight, Et3N, deprotect with TBAF) I\/B (MHH) :
mz -- 451 ~-53- Exanple Conpound Physical Data 53-1 4-

f1uoro- pheMAPH ¥ hy1- 14 imi dazoi-2-yl] -p iperidih® /USZX()%%Z:SHS
-ethynyl-7H pyrrolo[ 2, 3-d] pyrim dine (heat in seal ed tube 100C over ni ght

Et 3N, deprotect with TBAF) MS (MH): mi22= 419 53-K

5- Et hynyl-4- {444-(4-fluoro-3-trifluoromethyl- phenyl)-1 -nmethyl-

i mdazol -2 -yl kpiperidin- 1-yl1) -7H pyrrol o[ 2, 3-abyri m di ne (heat i n seal ed
" tube 100C overni ght, Et3N, deprot ect wwth TB,4F) M5 (M+11l): nilz = 469
EXAVPLE 54 4g.c5 at 80°C for 1h in microwave, Monitor the reaction by TLC (10% MeCH in DCM
(444-(3-Trifluoronet hyl -phenvl)-1Hi m dazol -2-v11-pineri din-| - 1- 1H ovrazo
| 04- cf | ovr i niCePesayHE/AF Batiiop Fietendgr pacu. (Hiegeg ethy! scetysang ygsiEr doked 1 ound

bott om fl ask (el & soMdtictRdde kMol WHBE oreiit ra%@wrtaﬁt@ah@ma,mndenser
scrubber and nechanlcal stirrer 3-trif | - ace%ophenone (1500

|
g, 1.00 equi \#nd cpneppirpip |t grder yaqup PE’TﬁgétPe(fﬁ@P‘ﬂ’éfﬁg gu%’?ﬁ OrqeEPBhe resul ting |
clear, colorlgss g&mwtmmqmbmpommoanws&mwme Mddcﬁtnaddiyn@leaarﬁid‘htﬂxtl on of
brom ne 10( 127

1. Q0 e 9 S n_di room
t emper at ure Vit 33%3& “i“ﬁﬁp ‘F‘ﬁ"l%‘l(4 %z\"fé'ﬂuﬂmﬁ (%ﬂ’dé‘oro@ﬁ@mﬂg' aig}éti?%n by sl ow
addi ti on of satduxoalz@dp:aqmeewl) N H@EBy I 200 tinglily! o@ﬂh&trkqlnb/i)ﬁg thc tenperature

by ice bath to I S ate the phases and wash the organic
| ayer with saﬁyﬁ ?%cfh nﬁne‘%ﬁes(gs% ?um[chl oride (2000 nL), then dry the

sol uti on over sodChmes&ﬂddff{a{@flwa-B{(feﬂuiamdetm}nhwmt)flanﬁéhYﬂ -bHamidezsh?- col or | ess
Oobe ¢ o2 EH L blidtn. P HAG U ﬁyPy Y.(lnbh ARl ASE,ARMY L st ep gradient,

20% to 50 ptane
2- Br ono- 1- ( 3- aﬂmnﬁﬂidjnﬂr{@ﬁég qu)pmemwr@mhamqéd otiem Agsk. Gog Aengsrtion780 as a

clear, colorless @bt add tora-buytlafddhER Auoride (0.19 mL, 2.0eq) drop wise. Stir the
2- br omo- 1- [3(tr|%l uororrectrﬁylu Senyl] forét (anone ¢ ‘ 1 .00 equiv; 6.23
OHéé\ik@ﬁan

nol es) and t eErcHpryEEsepiUFRiT $0rED didonpnihe rsecgon by TL KHE- bot t om f 1 ask

(fitted 20w t@uaY@%@Ma%%k ef SRNAENSEKIE RutAAa6Mub bR ate soeediand cal stirrer

and cooling bath
SC, safurated aq. sodium chloride. Dry the organic layer over anhy. NSO, and concentrate it

‘under vacuum, Crystatlize the product in diethyl ether and filtered it to give 4-(4-(4-(4-(4-
fluoro-3-(riflucromethyliphenyl)- 1-methyl-1 H-imidazol-2-yDpiperidin- 1 -yD)-7H-
pyrrolo[2,3-dipyrimidin-5-y1)-2-methylbut-3-yn-2-0l (0.1 g, 64%). MS (M+H): m/z =

474.6.
20 The following compounds may be prepared essentialiy as described in Exampie
53-E.
Example ‘ Compound Physical Data

4-(4-(4-(4-(3 4-difluorophenyi}-1-methyl-14- MS (MAH): m/iz=
53-F tmidazol-2-yDpipenidin-1-y))-7H-pyrrolo{2,3- 475.6
dipyrimidin-3-y1)-2-methyibut-3-yn-2-ol
3-(4~(4-(4~(3 4-difluorophenyl)-1-methyl- 1 H- MS (M+H): m/fz =
53-G imidazol-2-y)piperidin-1-y1)-7H-pyrrolo{2,3- 449.4 '
Jpyrimidin-3-vl)prop-2-yn-1-ol
3-(4-(4-(1-methyl-4-(3-(trifluoromethylphenyl)- | MS (M+H): m/z =
53¢ 1 H-imidazol-2-ypiperidin-1-yl}-7H- 14814
pyrrolo[2,3-dpyrimidin-5-yl)prop-2-yn-1-0}
531 | 5-Ethyny}-4-{4-[1-mecthyl-4-(3-trifluoromethyl- | MS (M+H}: m/z=
phenyl}-1H-imidazol-2-yll-piperidin-1-yl}-7H- 1 451
pyrrolo[2,3-d)pyrimidine (heat in sealed tube
100°C overnight, ELUN, deprotect with TBAF)




-54- Charge sodium azide (425.6 g; 1.05 equiv; 6.55 noles) in one portion.
Rinse into the flask with water (135 nlL). Stir the pale yellow slurry at RT
under. nitrogen. After 6 hours, add water (260 nL) and continue to stir
overnight. Filter the resulting orange slurry over at Oel ite(r)
and rinse WAHSHE4T |1 ). Divide the resulting sol uti onp‘g\qﬂ{%@%(}v&yequal
portions (5146.5 g each). Charge two |(§*Ient| cal 22 L 3-necked round bottom
flask (fitted with additien funnel, ¥r - cool ed condenser, nitrogen

bl anket, nechani cal stirrer and cool ing bath) with tri phenyl phosphi ne (889
g, 3.43 nmol, 1.1 eq), ptoluenesulfonic acid nonohydrate (1304 g, 6.86 nol,
2.2 eq) and THF (5. 6L) ‘Add the two portions of internediate mixture via
addi tion funmgl g e The Thdl VI dUghmpharKs over 10T OUr Agiika pa&ontr ol | ing
the foani ng o T T QYR evzpbmun@@m quétHlQﬂ[ Fatievand-Aps, ienperature by
use of an ige bath. Op,;g0nP. b @ghcgfl@ A QPrati r o tye slurry at anbient
tenperature |for two h }Ho‘io[zfs nmdmeeaeamls@fgmgeom both reactors pnto the
sane filter.. Wash bof 05 t@ségg,gﬂngﬂ be-cenhined cake with a total [THF (4 L).
Dry in a vaquumggyen |alEaiiyis- Qﬁlﬁf@mﬂ%}b Shen@kddadls | MS (MTH): m/z =
(2-Am no-1-(13-trifluok ﬁ)é’,!,? E;ﬂlq eAYhiaRl-Danene)idin- pr4¢0l uene 15sul fonate
(1:1) as a vhite, crystyq ‘l’ﬂI—{)ﬁnﬁQde}p&ﬁ&éﬁQ@(&a.?ﬁ rTDI, 729 . Char ge
(2-Am no-1-(j3-trifl uorswz@artamélmmahzgmeszh’am@mr)ecz, pFt ol uenc sul fopatc (1:1)
(913 g, 2.43 nol) andwltrerty But oxycar bonyl i soni pecbtic acid (623/g, 2.73
mol, 1.12 eq) along wth THF (2.75 L) and EtOAc (5.5 L) and cool to 0-5 C
Add 1.2 equival ents of propyl phosp G t5'| dride (T3P) (1.2 eq, 2.91 nol,
1.512 L of a 50% solution in 20 Et%mgl ntaln t he reactlon

t enper at ur e at 40450 3dIHTiutg i '

N- net hyl nor phol i ne (566 g, 5. - |ng t he terrperature bel ow 5
C during addition. Warmthe r R v”%dsne% Aro %’% erature and after 10
hours, cool in an ice bath and add water (4 3 L). Separate the |layers and
wash the aqueous |ayer wth B, NSgnbi ne the organic |ayers and

wash wi th 0.5M aqueous sodiu i siol ution (2.75L). Wash the
organic |layer with saturated eous di uM chivefhde (2. 75L), then treat
sodi um sul f at J

the resulting organic layer nnt filter. Renove the
solvent via distillation down ¥o -4.6_L. Add badty eptane (11 L) while
renovi ng sol vent via distillation un?¥l the final. vol ume reaches -11L. Cool
to 50C andsseed. Hold the resulting slurry at SOéfor 3 h, then cool the
slurry to roomtenper nd stir ter, the . O|IdS and wash

the cake, first w PH 6‘&2’“9%%%@;‘%@?"5Ii’ﬁ‘thtaﬂéé‘h‘mvﬁnfnh -HEPAne (2L).

After drying blenid, M}&\@dﬂxlslfm @Mﬂﬁhr aid (H@infcarstidh) a@00-tgilfor@ghyef 4- - 55-
[ 2- O0x0-2-(3-trifluoro | - phenyl) r 1-carboxylic
aci d ten-but yf<® @B}{eg?“erggstogét %@e@g%,ja‘éwem?’\%# ?n% dE)C%PD%HelhaHE @%Hﬂt‘gﬁ?e a sol ution

of requktmg clear, colorless solution at room temperature while adding a solution of bromine

442- 0xo- 2-,( 3- . r | - car boxyl i
c acid t er1§ {11217 g’lf%{) g@%& ?%g "g)lﬂsgﬂx él)cggltogl)éljhg& ap’%&ggéﬁr#oﬁl‘ggﬁf“i %'dilr%gi}t hanol
5(2300 ni). Pﬁmmpeerahm UBucosh thef rezetiprolyi v widbionpesazss 2080y NBC89 npl es)

' n_met hanol Onllf-opsBRR b Aok thARS 0 ma 25+¢. Shraloel O OF

ammoni um acet e ZP - OX®- _ ) _

2-(3-trifluor ghrmsmyd wish Srey1geaie tdyg 6 Birspiasg Pauepssedivral Fiieride (2089 Bbkyl i ¢ aci d

tert-butyl estpry Vc\ﬁe tBrubod &5} 80K 8uI T BIR hnd il 8% cle@%&t@h&@oi‘% he two
streans in a tee roomten\gerature and then allow to flow into a thernal
£

tube reactidr Rpuf ﬁt“H‘éUQWéﬂ?Y PR S Ao LTOBY (“‘f?é’@d‘fﬁ%’rzo%’ hote §pibi ne al |
of the coll ecth@gangftgggg,g > SR LS @tr@gg}oggmﬁ%a&rrygte&amgﬂl’éé‘fgedmlﬁ& pressure,
t hen sol vent exchange into 3500 triL of n-BuOH Wash this solution with a
m xture of 3odé%wa§iea%aqi9fﬁea%% aqueous NaHCO3 and 1000 nlL water. Wash

aoe0tropi 6 dryl ng. GRLSRTIE AT CHBP oD BRI A5 e B R il ¢ er
t he solids thai23kapseadprkiatidefaten (7509 radi)sd a 12 I’:I.B{nm‘kﬂd Ghargacrs Askffidetirate to a

5L 4- k fl K i w to th
2ol ut i on Sbnar BRI TR P %ﬂé"ﬁ"’%‘w‘és“ DR E QR e B O Y N0 the

conpl etion of reaction add Heptane (4000 rnL) slowy via addition funnel,
then cool the resulting slurry to <56 Cin an ice bath, hold for 15 mn.
Filter the solids and-wash the cake with heptane (2 x 600 rnL). Dry solids
in 40 C 20 vacuum oven to afford
(4-[4-(3-Trifluoronethyl -phenyl)-1H i m dazol - 2-y1] - pi peri di neh
Hydrochloride (1:1) as a white solid (619.1g, 1.87 nol, 92%.



Charge 4-Chl oro-1H pyrazol o[ 3, 4-d] pyrimidine (93.3 g; 1.00 equiv; 603.66
nmol es; 93. 30 @), -
(444-(3-Trifluoromethyl -phenyl)-1/1-im dazol - 2-yl kpi peri di ne) -,

Hydrochl ori de (1: 1%)@ (200.1 g; 1.00 equiv; 603.13 nmol es% and Met hanol
(1800 ni) 0 HO¥BEHO0 ni 4- necked round bottom flask (FPFFLEHSHEH ni t r ogen
bl anket, rubber septum nechanical sti rer heating mantl| e, condenser and
t her nocoupl e probe). Add Tri et hyl am ne (1‘280 m.; 2.01 noles) via addition
-funnel over approximately 15 mn. Heat the resulting clear orange sol ution
to 50C and hold at 50 C for 15 mn. Wen reaction is deened conpl ete by
HPLC, add Water (2000 nmlL) via an addition funnel at 3050C. Add seed

crystal's durigng.t ol yaie (42‘3%%;12 bé)éauﬁn@si E‘x@%e@ﬁz%ﬁé%%m%ﬁ yehelihh aes. On

conpl etion of addition, e sl urrﬁ o reflux for 1 hour. Cool to room
t enper at ur e tfhé‘hwﬁi‘Fitt@ﬁ%m#)vﬁfsfﬁf‘%@ielyﬁ WleRy BEHREDETORE Waedr (2x250 ).

Dry the soli dgukhd@waeB60 m%wsanw&no alr 98GRy eNei Bhlesdishgathey d 4-
{444- (3-Trifl uoronet hyl -

phe
i ni dazol - 2- y Iwipiope itk Pﬁd|°f(}f=lrte@mdﬁw%‘£6‘} S8 (- JPisige theTagiifee YEEE t an sol i d
(211. 59, 05 60 mRd equﬁ%%tmnsmj 116,55 cddhd. Charddwbldendeath24. 1 Mckclil&unSmar ge 4-
(44443 - Trlfluororreth Xt) H i m dazol - ﬁ{) erld } -
1H pyr azol o[ 4BfEyAf tl‘ﬁdd‘i“ﬁé ‘%Zf’d? @dgw‘“i”ﬁ’?[e %/’5]‘] rggo‘ﬂﬁoﬂﬂ“ mﬁef-"’A (4 43L) and
stir the resuhéchiiGeabiittedad aiolt@rbatkﬁluﬁWtzyph&ddbhb@hmé 29 g 43afola. 5, @quUeEOUS
solution, 1.07 s and add
acet one (4. 43t°]li'ine§%ém€E’)ﬂﬁnﬂ‘%‘yﬂ@&ﬁ%ﬂi gfﬁfg% P 23 %E)anld%ﬁggm r“b’f%?h *2 hr then
filter the sofwogortihsi indnecdiatd rharurq:‘ak@ddwmlﬁmac:letoohmencmﬁé\&@&smgverand dry
resul ting

(as8 g, o4y b el RSl he A et in gl i Bl By Bl 11 T, 2O TP

[ MtFl ]  EXAMPLEMB&Gaturg 5 use of an ice bath, On completion of addition stir the shurry at ambient
{444-(4-Fl uor eergtﬁxjeffgr?&%mt lﬁ?fd ﬁl@p J—%rorﬁb@fﬁ?éﬁ&’tbrﬁ s 'th'@qgﬁ’ezfﬂ{er AWWnl piperid

in-1-yll - razol o r|m|ne I_yroc | ori de
net henam ne (uoﬂmasmudﬂlﬂ C@B‘llﬂ@%lfhmlhés‘om%@{ 4@ Lg) Deygn &V%?B‘PI%IPYGBﬁt‘iS’f 4 f1 uor o-

3-(trifluoro ht%raﬁ&aa mmmld t&ﬁ&r&@a heA 0y BEAHoN, &9 mmol es) in
et hyl acet at 23)(%0 i (5 ¢ ktllg %1 x%re gta)r(%é%tenperat ure

"
over ni ght 15Ret V@t@c(hé)ésc?l‘%étﬁtcﬂi“ﬁu’%w{% @i”ﬁ@g € ek 4% t he solid in MIBE.

Filter and dry un duced ure. 45 73 nol es),
fol | owed by hydrogcg‘ﬁrg?:&l‘g r % Owcmﬂ%g“c ?gﬂ]&ﬁm}? %Jﬂ%“ds"?fmg and stir
the m xture ag:neoimg EmeﬁlaindrleemBemmo@ibbnylszﬂmmchdnda(&bgv?éﬁtmqlri Macuo and
dry the solid in vac fo

f1uoro-3-trifFHSH OB%EE{QT% %%c%)f JF‘% %%Ié %dgg%c or| Qm%éqﬁg%m 100%
yield) as a \Mﬂfiif@mbspdomc anfidride (T3P) %@CPQN— Qﬁeltlﬁyllﬁéﬂpl’ﬁ@ﬁﬂ%éﬂl(l@ﬂeIQw Vo

631. 52 . . | d
oS0 Do MTo0es ﬁ&ﬁ% rﬂ%@a@%e%ﬁ%n%rﬁz&&& :'Bld@e@hﬂigqga &%;As;eufzﬁrd?ﬁeéy(hgoaa a

g
Cool the mi xt tire a@ctN n@m@mmhhhra (o, § ééwéééteeh@hiﬁthe teTNRRAETE BHRHY Y
chlorof ormat e.¢ ;Iiur?ng%g&lhéﬁ. Wam o6 IIDL &m t%gpegﬁurma)d A OPWoSE, ol &

ice bath and add water (7.3 L). Separate the layers and wash the aqueous layer with
EtOAc (2.75L). Combine the organic layers and wash with 0.5M aqueous sodium

25  bicarbonate solution (2.75L). Wash the organic layer with saturated aqueous sodium
chloride (2.75L), then treat the resulting organic layer with sodium sulfate and filter.
Remove the solvent via distillation down o ~4.6 L. Add back heptane (11 L) while
removing solvent via distitiation until the final volume reaches ~11L. Cool to 50 °C and
seed. Hold the resulting slurry at 30°C for 3 h, then cool the shurry to room temperature

30  and stir for 2 h. Filter the solids and wash the cake, first with 10% EtOAc in heptane (2L)
then with beptane (2L). After drying in a vacuum oven at 60°C for 3h, 800 g (79%) of 4-



5mai ntai ning the tenperature below -5 C. After 30 mmat -5 -10 C, add

2-am no-1-(4- fluoro-3-trifluoronethyl-phenyl)-ethanone hydrochl ori de
(54.23 g; 1,00 equiv; 210.51 nmol es) suspended in THF (300 nL) and stir the
m xture in at -5 Cfor 20 min. Stir for 1 houg aTol)s}
tenperaturV&9§3§%§g?er and Et OAc, then wash the organlc'ﬁg§%r mn?% wat er
and saturated agueous sodlunlchlorlde sy over My304, filter and renove 10
sol vent in vacuo. Suspend the crude in BE and stir for 2 hours. Filter
the solid and dry in vacuo to give

142- (4-Fl uoro-3-trifluoronet hyl - phenyl) - 2- oxo- et hyl car banoyl k

pi peri di ne-4-carboxylic acid tert-butyl ester (64.44 ¢g; 70.79%yvyield). Add
ammoni um acet[aogo -4 SuEmbhomethyl-pAehy kg ScarbdBoyBilpigtiding | 2as aylit hidvenf 14244-

fl uoro- 3- tr|fI uo r omet oxo0- et hyl car banoy1l] - pi peri di ne- 4- car boxy
lic acid 15t &FP! WEH?IOQ%%‘T%S (’%ég AP%S 1.00 equiv; 67.99 mmles) in I-butanol

(150 niL; 1 64 no t r nnol es;

9.48 nL). Stir thié %“On‘?"“ %qq%?é(’?n&é‘l@@#&(}‘% }%g’wfé{h"}??%%g’%\hd Et OAC and

wat er, then \mhdmchéc:obcgam widlterrarty hebteH 7ot & LWl eenv: 48d mokesup sedehohqueous

sodi um chl or

e e '(9 %@3 ﬁﬁ;agqaaxn@%ggmmyg@g%;aé {ﬂswgab 80 hiBRs)GH HEGadoD

4-[4-(4-Fl uor(éﬁQ@ nulmHmmpcstredweﬁqwlozwﬁéwmmmof %ﬁna%pm acpta{z19 494-B8ti di ne- 1-ca

:Ml‘)loi(yl i CI ag' o E3ef¥;ﬁucp&1tm)ﬂyl &ﬁﬁﬁf ciﬁﬁ&ﬂ%&o@i’]—pﬂ)@mﬁ& 1'15%‘2}31&: o6d tc&eo'@}ﬂ' eld) as a
Ite Ssoll

444- ( 4- Fl uor o&BE wtiﬂﬁmﬁtslﬁrt%ﬁ%ﬁhyﬁ%gﬁéﬁvi)%mnf? Hhe e Biearss i § yeo 51 188 di ne- 1-

(riie_lr b?Xé lic ﬁqie&l ériﬁﬁrE a&ﬁﬁ%'aii&ﬁfo&’(@lw(tﬁt@ an%rzﬁai nibe@éact&qvuth\thed&%n %gspé}ht]ﬂ-ﬁges) in 40
0 i met Yy Su oxl de to_a_ sol yt assi um.h I oXl1 ae EQUIV ;

58. 16 mmolles: #370% @55?9‘\‘“2&5’“‘?%‘*{{ %‘ﬁ B‘i?]ﬁﬁg‘ﬁif? tlfP]I”B PLCORENEF 5 i at

room t enper at tHder redyekll pidRiuRy thed Qikteflitex{hande 8603500 m4 3L BBuOHOWes;thi?. 66 ML) in

one portion. ir at roomt e for, two ur- the m xture
into i ce wat esros““l@i‘ Fld e é‘fgp@d“a{ﬁg%mwdtaﬂu%{}g#{&d%‘pgﬁo “giée,r reduced
pressure. Tri tdstadgsin wft&qmittmhquemuhmdxmeqmmneaom hit efollewnal bdraxzeedoumder '

reduced pressuyre

444- (4- F uoro&l@ gh’ ?‘%ﬁ]gtr’%]r%gt! mlcn'B OH>(/4IS) P tEf“P'P) Ei?—l-the ml(j{}'izﬁf)t 2-yl k

30pi peri dilfe- pregpitelpabaxibs ctstléaiwd Céﬂfgﬂfbuﬁwtewﬁrwﬁsk frasy in Spoagtpi el d) as a
white solid. é@%l%%&&?ﬁ&&& Qb Fnth 11t OBl AlmpiiRlB S:5528. 35 nl) to

a solution
[ 4- (4-Fl uoro Fith ick frrgorSMSnIsyInpipkRapf pctbn gkt Faptans (40G0lais1iy 92 A- pi peri di ne-

1-  -58- car boxld ¢uiQl ded Bhitsdtutting 8REE ko <(58C71n9»1ce]ba@10h&§]§8r\1/5 m@0. 35 mol es)
77 mtenperature. Stjr.the solution at

in di chl oromethane (101 mL

room t enper at AHEr haiolids Fgypsh ﬂ%?éﬂ’ﬁ\/‘é“htl}?é‘a%lz\)‘éﬂ? mizh sy S?I@H@c4gdcpr essure, and
gl Sﬁf)l ve %l?f‘ Qﬁd«&ﬁ’tﬁlolrdﬂ éé ﬁﬁl&j4 R @pyd3- &HMM@tl@ﬂ-Qﬂ%ﬂﬂYim%gﬁgg}yﬂ pipend;ne)SS 19 g)

-chl oro- 1Hpyrazol o m e mol es .19 ¢
and tri et hyl aﬁﬁyﬁfédﬂ%@‘“’@q]ﬁl 53/“’5‘5’35 ]%ﬂ(%ﬁéréq 257 mggb%/‘?) Stir the mixture at
reflux for 1 hour.cHzesevmidded-sohkxteols, 4wmﬂﬁm1dﬁr&(d‘lﬂﬁegﬂlpﬁe@$\uﬁ% @nd triturate

;(rzlgt gir,“u,? ?I : 2 V“v?"it‘q 9[589% ‘;!‘ﬁ,g {%P’y@ ﬁﬂuorgmethﬂ?{;hgn%} 19[»1mmdazot\ I:’lluyﬁ]lilprzpaeg'&ne)l n hot

(444- (4- Fl uor cafyarotmmdetgbmmuryu o@kmm 0313 thmoles), and Methanol (1800 mL) to

-met hyl-1H-.im - yrimdine
(8.42 g; I égﬁi@r""“e& f};‘pg@%o Gm d‘% (Mée)do uthélﬁ:ﬁ) bzzég%q—&%ﬂhr Seﬁ%"rﬁyel | ow solid.
Add hydr ogen cidcipmicdetifd, ?matexqmavtle Q@dagermme@mwm(er) 4dd a suspension of
;_1;1 44- (4-1 uor o- r§th¥1|?1|n*nle ZSI(} (r)nrlfé% lqinoleﬂ é’ﬁly f?gnon_ fﬁrénehover af ommat gzlglmm vl kpi per| di
n-1-yl | 1H pyr &l tbf @Sﬂhlﬁ]ﬁb&rrﬁrfwg@#oﬁ@%m-‘@ @andthD%ﬂéQﬁﬁ fpr 15wing Vol es) in

di chl or ot net harQa%n&FsQ d e Sy HPTIAN 8 R EUSR0 HRY vik aD oA Funh Q@M

t enper at ure Renpbve t e so I'n vacuo, 15 and triturate the crude in MIBE
for 1 hour30 Fi30t@rAddfecdsayisialy damz i yeerpddenendovearsdug veyselizyi Oa

4- {444- (4- Fl uqrgy, éﬁén@f%&&%%ﬁ&@dlunﬁh@%ﬁ fol 1 ARE. Ny éb'?bérmeﬁ‘@grghrez y11- pi per
idinl -y11-1 /(?ra20034‘h‘1‘s i ne ydrochlorlde(7 99 . 16 58

mol es;  98. 479w fdietand yashgoligsiveia 2891 NIgPH P vpieidR2 10309 MiRzthe

614. 01- 13. 99 (m 1H), 8.57-8.54 (m 2H), 8.26-8.19 (m 3H), 7.72-7.63 (m
1H), 5.23-5.20 (m 2H), 3.89 (s, 3H, 3.41 (m 2H), 202.15-2.07 (m 3H),
1.10 (s, 2H). EXAMPLE 56 Crystalline 4-

{444-(3-Trifluoronet hyl - phenvl)-1Hi m dazol -2-yl|-piperidin- 1 -yl1l) -1H



pyrazol 013, 4-dl pvri m di ne hydrochl ori de 25Suspend 4-

{444- (3-Trifl uoronet hyl - phenyl) - 1H i ni§azol - 2- yl kpi peri di n- 1-y11-

1H pyrazol o] 3, 4-4pyrim dine (134 ng) in acetone (2 nmL) Heat the suspension
to 77C, then add nethanol (1 nL) Add 0.25M HCl1 (1.28 nmL) to the solution
and cool slowy. Add heptane (2 nlL) followed by acetone (6 niL). Allow
evaporation overnight at roomtenperature. Add acetone (3 nL) to the
resulting oil and slurry the resulting white solid 30in acetone for 4

hours. Fihtein b0& aﬁ%%?@@%xﬁ&hﬁ%fﬁirﬁ 4004y] 4L G- P B8R eBF1-PRenylir 74 N vacuum
oven at 45C under vacuum The Rhin has endotherm c onset at 294 C. -59-

X-ray pounialazdi3-Fadpdrigin-andl-JEimyrislqddrdprenidipg i atapsoith Fdd\ves

di ffract pped with a CuKct source (X=1.54056 A) operating at 40
kV and 58ﬂﬁ§ '%hgﬂygnple is scanned from4 to 40 in 20, with a step size of

0.009 in 8. angdl ecsm8meaiga4qM »H). 5 sec per step. Sanple displacenent
error is corrected using the MST 5standard 8RIv1675 (standard peak at 8.8

i7“12g 5A28| g g%érgsh a4 7[4% lﬁnﬂd&&ﬂ&h%lyplhéhgnglfﬁnﬁrdhmtﬁqu_p@peiahiﬂ- nignsity A
1 H-pyrazolof3,4- d]pyrlmldlne (442.9 g, 1.07 mol) along with IPA (4.43L) and stir the
resulting slurry at RT. Slowly add HCI (214 mL of a 5M aqueous solution, 1.07 mol,1.0
eq) and heat to 50 °C. Stir for 30 minutes and add acetone (4.43 L) and continue heating
for 4 h. Cool to 15 °C for 2 hr then filter the solid. Wash the filter cake with acetone
10 (800 mL) and dry resulting solid in vacuum oven at 60 °C for 3 h to afford the title
compound (458 g, 94%) as a tan to off-white solid. M.p. =306 °C; MS (ES): m/z = 414

[M+H]

EXAMPLE 55
15  4-{4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-1-methyl-1 H-imidazol-2-yl]-piperidin-1-yl} -

i H-pvrazoloi3 . 4-dJpvrimidine hydrochloride

H,C
\
O
N N N ;
\_// \
HN
\N/ HCI
F
CF,
20 Add methenamine (1.10 equiv; 231.55 mmoles; 32.46 g) to a solution of 4-fluoro-

3-(trifluoromethyl)phenacyl bromide (60.00 g 1.00 equiv; 210.50 mmoles) in ethyl
acetate (450 mL; 4.60 moles). Stir the mixture at room temperature ovémight. Remove
the solvent in vacuo and triturate the solid in MTBE. Filter and dry under reduced
pressure. Add ethanol (430 mL; 7.73 moles), followed by hydrogen chloride (150 mL;
25  8.30 equiv; 1.75 moles) and stir the mixture at room temperature overnight. Remove the
solvent in vacuo and dry the solid in vacuo at 50 °C for a week to obtain 2-Amino-1-(4-
fluoro-3-trifluoromethyl-phenyl)-ethanone hydrochloride (54.23 g; 100% yield) as a

white sold.
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Add N-methylmorpholine (3 equiv ; 631.52 mmoles; 69.66 mL) to a solution of
'Piperidine-1,4-dicarboxylic acid mono-tert-butyl ester (1.20 equiv, 252.61 mmoles; 57.92
g) in THF (400 mL). Cool the mixture to -10 °C with a dry ice-acetone bath. Add
isobuty} chloroformate (1.1 equiv ; 231.56 mmoles; 30.26 mL) dropwise while
5 maintaining the temperaturc below -5 °C. After 30 min at -5 °-10 °C, add 2-amino-1-(4-
fluoro-3-trifluoromethyl-phenyl)-ethanone hydrochloride (54.23 g; 1.00 equiv; 210.51
mmoles) suspended in THF (300 mL} and stir the mixture in the bath at -5 °C for 20 min.
Stir for 1 hour at room temperature. Add water and EtOAc, then wash the organic layer
with water and saturated agqueous sodium chloride. Dry over MgSOy, filter and remove
10 solvent in vacwo. Suspend the crude in MTBE and stir for 2 hours. Filter the solid and
dry in vacuo to give 1—[2-(4-Flu0ro-3-triﬂuoromethyE—phenyl)~2u0x0-ethylcarbamoyl}~
piperidine-4-carboxylic acid tert-butyl ester (64.44 g; 70.79% yield).

Add ammonium acetate (15 equiv; 1.02 moles; 78.6} g) to a solution of I-[2-(4-
fluoro-3-trifluoromethyl-phenyl)-2-oxo-ethylcarbamoyl]-piperidine-4-carboxylic acid

15  tert-butyl ester (29.4 g; 1.00 equiv; 67.99 mmoles) in 1-butanol (150 mL; 1.64 moles),
then add triethylamine (1 equiv ; 67.99 mmoles; 9.48 mL). Stir the mixture at 160°Cina
sealed tube for 3 h. Add EtOAC and water, then wash the organic layer with more water
and saturated aqueous sodjum chloride and concentrated in vacuo. Triturate the crude in
MTRBE, filter and dry under reduced pressure to give 4-[4-(4-Fluoro-3-triftnoromethy!-

20 phenyl)-1H-imidazol-2-y!]-piperidine-1-carboxylic acid tent-butyl ester (18.23 g 44.10
mmoles, 64.86% yield) as a white solid.

Add 4-14-(4-Fluoro-3-trifluoromethyl-phenyl)-1 H-imidazol-2-yl}-piperidine-1-
carboxylic acid tert-buty! ester (16.03 g; 1.00 equiv; 38.77 mmoles) in 40 mL of dimethyl
sulfoxide to a solution of potessium hydroxide (1.5 equiv ; 58.16 mmoles; 3.26 g) in 200

25 mL of dimethy! sulfoxide. After 5 min at room temperature, add methyl jodide (1.1
equiv; 42.65 mmoles; 2.66 mL) in one portion. Stir at room temperature for two hours,
then pour the mixture into ice water. Filter the solid, wash with water, and dry under
reduced pressure. Triturate the solid in hot heptane, filter and dried under reduced
pressure to give 4-{4-(4-Fluoro-3 -trifluoromethyl-phenyl)-1-methyi-1H-imidazol-2-y1]-

30 piperidine-1-carboxylic acid tert-buty! ester (8.7 g; 52.49% yield) as a white solid.

Add hydrogen chloride (4.00 equiv; 81.41 mmoles; 20.35 mL) to a solution of 4-
[4-(4-Fluoro-3-trifluoromethyl-phenyl)-1-methyl-1 H-imidazol-2-yl]-piperidine-1-



18.9 9.8 30.3 7.2 19.4 17.3 The present invention provides

crystal li ne 4-{444-(3-Trifl uoronet hyl=fhenyl) -

1H i m dazol - 2-y1J-pi peridin-1-yll -1H pyrazol oP , 4-dl pyri m di ne

hydrochl ori de characterized by at |east one peak in the x-ray pattern at 20
diffraction angle of 7.1 0.1 10or 21.7 0.1. The present invention also
provi des a pharmaceutical fornulation conprising crystalline 4-

f444- (3-Trifl uoronet hyl - phenyl)-1Hi m dazol - 2-y11- pi peridi nl-y1ll- 1H pyrazol
o[ 3, 4- d] RybbRIIEH fted endneahker [sie gcheao aglies 2288 ntayolad) ih éaslorenethpeak in the
Xx-ray pattern at 20 diffraction angle of 7.1 0.1 or 21.7 _0.1. The present
i nvent i oGt méd, abrasm thaperafarey SET gfe sofufiopat Foque temperature for 1 hour.

4-{4-[4-(3-Trifluoronethyl - - . ‘o

15i m daz SF?YS]@%SPEV&EF ader 1@?@%%&%‘%9‘3%%&%%‘?3 isppropy, Aol or i de
char act eri@ewy hy ).andl aasilorong/-paakolbfB 4-Hipyxiniidineghts eqmval 3. 20midlés; act i on
angle of 7.1 0.1 or 21.7 0.1 for the manufacture of, a medicanent for the
i nhi bft | &l %% aaA giehdamine 18 eaivetivthmmsies; dedd ddl e i 558 R BHEWERE col on.

-60- Ceneral. Pr r r ' f ; A
st er e 1k T SPaL Rl PREL RIS Lo an BB ) B,
conmpound vdflerRthagnl Ffer theMpliddaé ditimatal ih hoekdesordedle,iffiteaa®bdmeh baduor mat . An

array of acids is dispensed to. each Il i t.Qj chionetri.c nol.ar
equi zal erft &4-[4rtfeFlyproy %?%?@G@VEBW&S&W%YE“&%Wﬁ% ‘\%éYIf@‘H?gaﬁgl'ﬁz}Genevac
Series 'F\g%fé%%@@&%d@%}ﬂi&ﬁegﬂi d. 1284 Hlﬂﬁﬁeé’;’m%%yﬂeﬁ? e taRSi &ra pl ate. An

array of s Ts drspensed to each one of these wells through a sealing
gaskat anight hdhwhedided to 55C with stirring and allowed to equilibrate for

60 - 90 m t t about  55C. h | i th fi d hot.

transfer T egut ?@@%&%rﬁfﬁ?@e\ﬂgﬁfﬁuﬁ’gr{g'ﬁggi‘}g%ﬁ%{]@o#“é)?og?e@}Sp%lsbﬁg i4|6i tation
ate. aonling _ oo . ,

plate anﬂg.ﬁ[g (%ggldéfgo@hﬂ&%meﬁﬂ@ pﬁ&%ﬁ?ﬁ@ﬁét 9Rhata8oll B yRIBRa _d%ilg%ﬂc hoat ed

transferr the fil'trate fromthe nmaster plate usin
syri nges Hpyhecloffediptimitdine¢7.5 @ 408 cgnid; il 684 enolgh)l io ek larome S8te to

dryness over night_at .roomt erature and anbi ent humi dit,y. The

preci pi té’c’f}aﬁn‘%?‘gt%e P’émﬁf@g%ﬁé?glgmb rAi PO . e%?vet%h%s?%ﬁtri%faécuf) tromthe
nast g5 Pl AHG kS heR PR NGANEHETYF | RIS HilferahdasiialndsRR LR owehight ot er

pl ate where each well contains an anti-solvent of 200 uL of 15 heptane or

wat er . Afgies 4-d4ud(fhearpdgrifiopromgseylinbandd- Lripetbyhbidrimideeor Syhriesrs-at ur e,

t he exces oJytiond i cked .gwa Si pres gyt I o . The
cool i ng pf"ﬁﬁé]I'}??yfﬁzgfﬁg%’g&ﬁwwggﬁé’fyglforcgﬁ’ggﬁgbggigf }/%?é e01{3§|’lgtt8'rg'g{ (gﬁgl ra?’)m t he
mast er platehige dondi 'V-soak (Y& VSIAIDMIOR ST heated q&xni&ng&sﬂsrﬁﬁm, 2H),
gasket-sealed titer plate, and cooling exponentially from55C to 10C over a
peri od of8.8648d9r(s, 3EROL. B2 EBdgy, APhsS.2T-8.20 dimi. 8E.eW8Dis: $Hb 3t @riZhl). in 20

each 1. ip.the 9 I I S using a Zeiss Axiovert 200Minverted

i nci t-:f‘ilgﬂto rﬁ%ggg@ol)%&ﬂ?%ﬁ a 2.5X objective. If the material is
crystalline, it exhibits birefringence that is displayed as white agai nst a
dark background. Anorphous solids or oils appear dark or as opaque droplets
or rings. 25EXAMPLE 57 4- |4-[4-(BXANBEBS8-trifl uoromet hyl - phenyl)- |

-met hyl- 1H-i m dazo] - 2-yl] =pixperi di.n~ 1. v 1 A=/ [ 3291 4= d] pyrHigm di ne
p-t ol uenesHRER .olﬁec‘!"bdé%cdéTg}gﬁﬁ%oflﬁuh%? hgl%%nu 6%1113{1%%(’ ?Izﬂ %%%6‘%5? h@?{)%{lnenacyl

brom de (93% pure by HPLCyyvAe0R]4-ddpainidRlcéstircahbridet r ahydrofuran (5 L) to

<5 Cin an ice bath. Add a - o
25 Suspend 4-{4-[4-(3-Trifluoromethyl-phenyl)-1 H-imidazol-2-yl]-piperidin-1-yl}-

1H-pyrazolo[3,4-dlpyrimidine (134 mg) in acetone (2 mL). Heat the suspension to 77°C,
then add methanol (1 mL). Add 0.25M HCI (1.28 mL) to the solution and cool slowly.
Add heptane (2 mL) followed by acetone (6 mL). Allow evaporation overnight at room
temperature. Add acetone (3 mL) to the resulting oil and slury the resulting white solid
30  in acetone for 4 hours. Filter the suspension and air-dry to provide 98 mg, dry in vacuum

oven at 45°C under vacuum. The form has endothermic onset at 294 °C.



30sol ution of sodium azide (239 g; 3.68 noles, 1.05 eq) inlWat er (800 ni)
drop wi se over one hour at <5 C. After stirring at < 5 C for one hour,
separate and discard the aqueous layer. Wile still cold, add the organic

| ayer slowly aover 3 hours to a solution of -61- triph e

(920. 2g, 3.“{(120% 4«”—3947 1.0 eq), p-toluenesulfonic acid ngﬁyc{h@'g& 2gm?lSSSg,
7.02 noles, 2.0 eq), and THF (5L). Miggain the tenperature at < 15 C

t hroughout this addition and solids precipitate during the addition. Stir
the reaction mxture at <20 C for 2 hours and then filter the solid, wash
with 5 THF (3 x 2 L), and dry at 50C under vacuumto give 1167.4g (85% 92%
corrected for starting material purity) of

2-am no-1-(4-fl UOXQ&y%onrfﬂth@d@&lei m@h@m&&& wit hanprra gt ol uenesul f onat e as
a white crystal line s

[
2- ani no- 1- ( 4-SeRstes eﬂ‘i‘?qﬁfiﬁ’é}%ﬁ“égo %“rﬁﬁ)éﬁffysﬁeﬂ?ﬁ%t%ab‘focﬁvuaé‘ﬂesul fonate
(1133 g; 2. 880w e sambte(it &:@ﬁmb&b@xy@ambmmﬁl Vil Pedbise Eo.dboranbendd i ¢ 10aci d
(795 g; 3.47 noles,, 1. 20 tetr ofuran 3450 21{ agd & hyl acetate
(7500 nL) Lo P 92 R o S‘F% %ﬁ“@?"r‘g&? "R ‘%PW% BEHSE i n jce bath
and add 2-3 pr@p@ﬂﬁmmmdm@eakdt ggrhydp)i de (T3P) (50% sol ution in Et0Ac)

(2385 g;. 3.75 poles; 1 u egq)—Fhen—add—-Nrethy-rerphoti-re—{£/95-4l; 7.21
noles, 2.5 e over Af mai_nt ai. ni n tEe tiur Varm t he

5. 2. £a) Vel ET{L Bl RiSueRd | aG LRI oS0t
resu tlng.s ur 1=y ﬁl St \,|||JC ti4 J_\Jollluwogl.ll ot L3 tH-S-
Quench t he rea¢ti-onr—by—additioen c.g‘watcr Scpm at-e—the—ergantc—phase, then
wash wi th aqueocus ’\.'am;,w, agHeous :?G ".‘;rmmg_ of 1 o0 50 Con a
rotary evapor at-es anr '%dd A—hept ajl\.}s B4 2,20{2 yeft undc‘id{‘l\facmm until the
final slurry voluse L appt-o imatr" B—t—Co '_)hc SitHy—te—+Fe8m
t enper at ur e and—f féisthe sa!ids,s‘gﬂvash M—(—-h—%é} ) and then
dry in a vacuur.nveni%. 50C_overnig H—FpsuhtEhg-+hn 1424417
fluoro-3-trifl Goromethil pheny ) Zgﬂ?xo et-hy c;'ebarmy | pi%??r: di-ne- 4- car boxy
lic acid tert-butyl &8%er (1124 82039008 L ac a28hi to sokie Conbi ne
142- (4-fl uor 0- 3-trif !I%%r oret-hy p%&yl) 2 cx027_ hy-eaf baﬁéﬂs’ﬂl pt-peri di ne-4-c
arboxylic acidHert ﬁclrgy! ester—{ 100 -g,—231 "3'C3 e -{—ahe bl acet ate
25(178.3 g; 2. 31-moled? 10 eg)—artdrethanol {000 )—TFhé“reactlor used for
this transfor mtion i%%a coilled1/t8" | B sotaintesslsteel tube (total

internal volunme of tubing in oven is 541 nmol ). Heat the reactor in an oven
to 140C. Control trheeprbhaﬁkapmaﬁsawvmcs drydedlin®e 4t Mkje-(RTrfRbnpsiygptoyyha regul at or

to all ow supe bove .its .noi.ni.al Ilng poi nt Punp
the sol ution [f( E’QggBV?dg%ﬁ?ﬂg ﬁ?o‘ﬁ’s"rzal @f‘g%rﬁm?ﬁehydm?lgn t ube 30under
pressure at 6clﬁﬁactaﬂleedrby1at(lca£tfom phiahp the A-0F abtteres ReEfoetidniange piv . I kd.theat ed

tube of 9Q.mn S t V, back to 20C in
a tube-i nq'?ubeu%ﬁ %UEA?E gae}%ﬁg‘%ﬁﬁegg%bg}éhm?d %g%‘ ?ergiemg% ul'flélﬁ%ﬁ process

t hrough t he r eamtising (r&tﬁmrfis{ctt[é{hlfrﬁﬁmmWi plepny - Wgjmidezohelipiventdin-t he
resulting oran t f 600 ni.
Add acet oni tl’l%g 1?92%}8& bﬂ? gﬁ[]elézgltﬁlg Mégcggnﬁg %r%]&etr%wtt% aﬁieasvgrle%\?\%tlgr (700 nm) -
drop wi se wit Ifhegeediaﬁg‘ﬂ@tv?@rdlfﬁﬂq{i@mf@ietoé’fér?@tléﬁ?llE’éotlhérhﬁPﬁﬁPBbt Cool the
resul ting sl UEnQ¥nt§>9fu?t9&3p?oQQie¢ t'h&&q%'bf&ri?h‘i‘atfﬁﬁ'«iqi [4-(3- *ﬂ%o‘t’@ﬁahly%ﬂeﬁyl)zgu% MeOH i n

water (2 X e resulting solid_under vacuumat 50 C.. Re-slurry

the solid i°n #eldazshd- Yﬁlpllp@dcnzbﬁl #ﬁ)PYﬁ’FOlS@ 4o mdiniy dFRlPTAs chaCkE ent
tenperature, fo%“l@aﬁt ch&18oal @ theh- @pgamzwimcﬁ&%g@bﬂwm (&Q07dpito afford
444- (4-fluoro-3-trifluoro thyI ?‘yﬁgﬁ I—t—)

yl kpi peri di nefrkeapBHRGWE @ "a’B?ddF r 91/*} i P“%‘%ﬁmﬁ’éﬁr trepmntffy) es, 579
as an of f 10wWhidn8eai@loind of the colon. Di ssol ve

444- (4-fluoro-3-trifluoronethyl-phenyl)-1H i m dazol - 2-yl kpi peri di nel-car box
ylic acid tert-butyl ester (80.02 g, 183.69 mmoles) in dinethyl sulfoxide
(1060 nlL).20Add KOH (18.47 g; 279.82 mmoles; 1.5 eq) in one portion. Add

met hyl i1odide (27.74 g; 193.48 mmoles, 1.05 eq) over 30 mnutes at 25 C
Stir the solution at 25 C 15for 1 hour. Add a m xture of

444- (4-fluoro-3-trifluoromethyl-phenyl)-1-nmethyl-1H _

i m dazol - 2-yl kpi peri di ne-1-carboxylic acid tert-butyl ester seed crystals
(0.17 g) and water (80 nL) over 5 mnutes to the solution. Stir the
resulting thin slurry at 25 C for 30 mnutes. Add additional water (240.73
m.) over 30 minutes at 25 C. Filter the solid and wash with 20% DVSO i n
water (2 x 120 mL) and then water (120 nL) Dry the



20 solid under vacuumat 60 C. Dissolve the resulting dried solids in

et hanol (480 nL) at 50 C. Add water (240 nL) over 5 m nutes. Then add

444- (4-fluoro-3-trifluoronethyl phenyl)-1-nethyl-1H i m dazol- 2- A-pi peri di ne-
1-carboxylic acid tert-butyl ester seed (0.038 g) and nore water (240 niL)
over 30 mi MRUSEYEl the resulting slurry to 25 C ovePCOVHSHEINE 1 ter the
solids and wash the cake with 20% EtOH in water. Dry the solid 25under

- vacuum at 60 C affording ~60- -

444- (4-fluoro-3-trifluoromethyl-phenyl)-1-nethyl -

i m dazol - 2-yl kpi peri di ne-1-carboxylic acid tert-butyl ester (72.36g, 92%
as a white solid. Prepare an anhydrous HCl sol ution by slow addition of
acetyl chloride (193.14, .., ,Procemrefo?thzrw@nt%%@fﬁh@%d@ﬂ%tﬁl? met hanol (1160
m.) over 45 m nutes at—z_% do-the 30resurting solution to a separate

fl ask cont ai ni ng ambmlat@ﬁp@parwﬂmﬂfuwa%ﬁsc base of the subject compound
trifluoromet h%@aﬂ P@()Jr)M)]adHal,%ittQh’ﬁ w;d:&ém Qarzwéuf%nyallmpar&@r)rmda@- | - carboxylic
acid tert- ester (290 g; . nmol es) i'-n net hanol (2320 nl)
over 90 ni nut@%’e’éﬁd tzeac@we%rrr romthrp@erréer%(tlrréwrﬁi%@fﬁ"u%e RIVHHAELHIETFT ght .
Concentrate the, :Klﬁﬁ%dl%@ﬁkrr{ﬁ'a)@d%ﬁc ghderr cV@GMtbﬂ’lc@&mg?&@h@cmﬁﬁi@ ofdieithy |

sul foxi de (1080 niL; 15.20 noles; 1.08 L; 19 kg), and tpe di trllation
conti nues untP¥ster Piateq AR aFayf SaERT ardipensed tPé?%fér‘?é%OfE%’b@%{ }5"‘1& 8ssure of 20
Efm gHg Agd?)g%ré? gkéﬁétlalxd thhenched @55‘\(9&1&%@@ aRdARwBL 10 e?ﬂﬂﬁﬂitatadﬁém r@g:]t hyl am nc
473 i, no addi tion arge
solid 4-chl or‘B‘“&tF?pag}Fl%‘t’i'bqsg%3¥%‘fgaﬂW‘? Hen ke iﬁ](af@“&m%ospog@p?ﬁ% 1.05
eq) in equal pa%tiGnspeauad pixe, &@&e@datmx@rate%dmcﬁmmgslatestrherevam'npesuI ting
slurry at

ter 9 nm) to
afford a &% a‘?‘qatgglpﬁcp rg%by @Q%WP%E%ruz‘aogﬁ%ﬁﬁmgen g a‘gérjréﬂ%dgm %%r% (1273 rnL)
sl ow y over 4helaramsymng¢mo‘uhb bpen ol steaplis zel it then PlovadioteyapOuuito deess| urry to 50

C and filter the d e & 290nl) ,

t hen wat er (Z%V(Sr ?ﬁlf{mﬁ) Y%%é%%odpg%k&u ﬁrﬁd‘ég %SE’ Hdélg @Q@ %?%Crld 4-
(444- (4-fl uorlg-d8ding 100 pL of the filtrate from the master plate using 55°C heated syringes to a

trifl uoronethy, Lok daPh HAZQha%s ¥ dntiRbRE&T bl ub oy 1} - 1H pyr az
ol o] 3, 4- d] py%ﬁﬁ?%ﬁ%%w%ﬂ@?ﬂ 3 as aan of f S%Ft e |r1:\ts]ol i dt 15D|;£sseol ve 4-

1. 444- ( 4- fibuohsptage @rrv‘rarerruéﬁ@ﬁ@tlkmtmgrfréﬁwmodfi mEe bRprs-a gomispRsREre Sie

y1l - pi peri di ”e;él:esxEérutﬂehh@%a@a%g[@xﬁpém& Wlﬂhtﬁrlmﬂﬁlteﬁ' B;ngs ”F%c&hﬁg@ht@ﬁs) ina
20:1 1-120: acetone -m xtur

%h ‘A utron[ 9 nlsulfonrc
aci d nonohydr BERE{ERY “25%’3”‘@320@ “Hﬁf) g flirag f?mé%m?sf‘?r UG E %i“f ‘iagffﬁ gfcet one
mxture (40 mygind B¢ At @atiksGna @aem.sémbdrmempraesanatooxega{poﬁdewryfmm reaction
m xture to 55 _C _h r 0 0ol to.25 2 Filter
the solid and Sggstﬁ% ﬂé"’%@l@é”% #ﬁh%{f er afaﬁbcr?ﬁ?}phsﬁcg%ge&% &%}%gﬁhm at 5000

af fords 4-20  each well in the 96 well plates using a Zeiss Axiovert 200M inverted incident-light

444- (4-1 3-trifl h di
Ty 1L 1H pyPIIBEB S S A i tien g L RE s Er g SR e, P0G
white solid. BXANP:HESas 25 Cuystsad ﬁarlnbackrground Armorphous solids or oils appear
{444- (4-FI uor%ﬁﬂ’% E{i %L(@gdggg%gyrlmoghenvl) 1- net hyl - 1H i m dazol - 2-vli -

pi neridin-I- 3 ,4-dl oyrimdine n-tol uenesul fonate
To a 1-L round bottom flask with overhead stirrer charge with 60.12g of

4-(4-[4- % EXAMPLES7 o
(4- Fl uor o- trrfluororrethyl-phen 1) -"T= et hyl - i m dazol - él]d‘{)p(ﬁerrdr n- 1-
I

y1ll-1H pyrazdt ‘dfs(%Fia?rmﬁrtrtﬂrqa@mréhylmﬂnrwé%f%’yU'IZBGGW oY1l BIP& OH. Stir
the resulting 139@1&515M@@9yr&qgn@pweh@m§ﬁ%fonr c acid nonohydrate (26.88 Q)
followed by a rinise forward with the remaining 50 mL of 5% aq. MeOH. Stir
the resulting sl UrCb(ol@@dutﬁﬁ@lf4~E1bﬁo@r(yﬁ‘[habs)ethylﬁaﬂena&yﬁ)bﬁmﬁe (Bbieretly h at 5 C,

stop stirring | te lurry.o nneL n t he flask
out with 75nL %64’ /05{1 Olefrsé/ﬁﬁf{-‘e%wﬂé} kﬂ}g{’ﬁ nsé (Iz)ce\%%hg?%e filter
cake. Trang{ ersotuln@l FGbdighs adide (23 B Ghimnlgs, d|0§ laq)amefatetr(§O0atL)5BopGriserpveracua al |

day and all air e T j .S, 7 4 g.
5X-ray powder ‘8?’?‘?‘?3& ? OL?I‘ ’gllﬁ NS tQ 5 %gcr’ffoggg%f& Sva%{aﬁvég& %gctagrfgﬁeagg/mecﬁs
- di ffract omet erlayceq@hidpeitl cwlidfddd aac@rgmc @umb&y Y@ pr-3thobrd @bBsohYiomgfer at i ng at 40

kV and 50 mA. The sanple is scanned from4 to 40 in 20, with a step size of
0.009 in 20 and a scan rate of > 1.5 sec per step. Angle 2-theta ( 0.1)




Intensity % Angle 2-theta ( 0.1) Intensity % 14 6.826 12 23.485 10. 256

23.615 17 12.984 24 23.866 21 13. 131 6%;.24. 024 20 13.431 25 24.667 11
13. 688 100 24.795 I
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triphenylphosphine (920.2¢g, 3.51 moles, 1.0 eq), p-toluenesulfonic acid monohydrate
(1335g, 7.02 moles, 2.0 eq), and THF (5L). Maintain the temperature at <15°C
throughout this addition and solids precipitate during the addition.

Stir the reaction mixture at <20 °C for 2 hours and then filter the solid , wash with
THF (3 x 2 L), and dry at 50 °C under vacuum to give 1167.4g (85%, 92% corrected for
starting material purity) of 2-amino-1-(4-fluoro-3-trifluoromethyi-phenyl)-ethanone p-

toluenesulfonate as a white crystalline solid.

Combine 2-amino-1-(4-fluoro-3-triflucromethyl-phenyl)-ethanone p-
toluenesulfonate (1133 g; 2.88 moles), 1-(tert-butoxycarbonyl)piperidine-4-carboxylic
acid (795 g; 3.47 moles, 1.20 eq), tetrahydrofuran (3450 mL), and ethyl acetate (7500
mL) to form a thin white slurry. Cool the slurry to <5 °C in ice bath and add 2-
propanephosphonic acid anhydride (TsP) (50% solution in EtOAc) (2385 g; 3.75 moles,
1.3 eq). Then add N-methylmorpholine (795 mL; 7.21 moles, 2.5 eq) over 1 hour,
maintaining the temperature < 10°C. Warm the resulting slurry to ambient temperature

and stir for 2 hours.

Quench the reaction by addition of water. Separate the organic phase, then wash
with aqueous NaHCOs, agueous NaCl. Warm the organic phase to 50 °C on a rotary
evaporator and add n-heptane. Distill solvent under vacuum until the final shury volume
is approximately 5 L. Cool the slurry to room temperature and filter the solids, wash with
n-heptane (2 x 1L) and then dry in a vacuum oven at 50°C overnight, resulting in 1-[2-(4-
fluoro-3-trifluoromethyl-phenyl)-2-oxo-ethylcarbamoyl]-piperidine-4-carboxylic acid
tert-butyl ester (1124.8g, 90%) as a white solid.

Combine 1-[2-(4-fluoro-3-trifluoromethyl-phenyl)-2-oxo-ethylcarbamoyl]-
piperidine-4-carboxylic acid tert-butyl ester (100 g, 231 mmoles), ammonium acetate
(178.3 g; 2.31 moles, 10 eq), and methanol (1000 mL). The reactor used for this
transformation is a coiled 1/16™ LD. stainless steel tube (total internal volume of tubing in
oven is 541 mol). Heat the reactor in an oven to 140°C. Control the back pressure in this
tube at 250 psig by a regulator to allow super-heating of the solution above its normal
boiling point. Pump the solution prepared above continuously through the heated tube
under pressure at 6.01 mL/min (affording a total residence time in the heated tube of 90

minutes). As the solution exits the oven, cool it back to 20°C in a tube-in-tube heat

24



14. 062 14 25.029 8 15.745 6 25.552 9 17.121 15 26.234 5 18.599 5 26.556 10
18.919 21 27.031 6 19.38 29 27.693 11-%30. 603 14 27.97 5 21.661

exchanger. Once the entire solution process through the reactor (8 hours total processing
time), concentrate the resulting orange solution under vacuum at 30°C to a total volume
of 600 mL. Add acetonitrile (200 mL) and heat the solution to 50 °C. Add water (700
mL) drop wise with seeding over 2 hours to crystallize the product. Cool the resulting

5 slurry to 20°C and filter the solid , then wash with 20% MeOH in water (2 x 200 mL).
Dry the resulting solid under vacuum at 50 °C. Re-slurry the solid in acetonitrile (200
mL) at 50 °C Cool the shurry to ambient temperature, filter the solid and wash with
acetonitrile (100 mL) to afford 4-[4-(4-fluoro-3-triflucromethyl-phenyl)-1/-imidazol-2-
yl]-piperidine-1-carboxylic acid tert-butyl ester (54.43g, 132 mmoles, 57%) as an off

10 white solid.

Dissolve 4-[4-(4-fluoro-3-trifluoromethyl-phenyl)- 1 H-imidazol-2-yl]-piperidine-

1-carboxylic acid tert-butyl ester (80.02 g, 183.69 mmoles) in dimethyl sulfoxide (1060
mL). Add KOH (18.47 g; 279.82 mmoles; 1.5 eq) in one portion. Add methyl iodide
(27.74 g; 193.48 mmoles, 1.05 eq) over 30 minutes at 25 °C. Stir the solution at 25 °C

15 for | hour. Add a mixture of 4-[4-(4-fluoro-3-trifluoromethyl-phenyl)-1-methyl-1H-
imidazol-2-y1]-piperidine-1-carboxylic acid tert-butyl ester seed crystals (0.17 g) and
water (80 mL) over 5 minutes to the solution. Stir the resulting thin slurry at 25 °C for 30
minutes. Add additional water (240.73 mL) over 30 minutes at 25 °C. Filter the solid
and wash with 20% DMSO in water (2 x 120 mL) and then water (120 mL). Dry the

20 solid under vacuum at 60 °C. Dissolve the resulting dried solids in ethanol (480 mL) at
50 °C. Add water (240 inL) over 5 minutes. Then add 4-[4-(4-fluoro-3-trifluoromethyi-
phenyl)-1-methyl-1H-imidazol-2-y1}-piperidine-1-carboxylic acid tert-butyl ester seed
(0.038 g) and more water (240 mL) over 30 minutes. Cool the resulting shurry to 25 °C
over 2 hours. Filter the solids and wash the cake with 20% EtOH in water. Dry the solid

25  under vacuum at 60 °C affording 4-[4-(4-fluoro-3-trifluoromethyl-phenyl)-1-methyl-1H-
imidazol-2-y1]-piperidine-1-carboxylic acid tert-butyl ester (72.36g, 92%) as a white
solid.

Prepare an anhydrous HCI solution by slow addition of acetyl chloride (193.14
mL; 2.71 moles, 4.00 eq) to methanol (1160 mL) over 45 minutes at < 5°C. Add the
30  resulting solution to a separate flask containing a solution of 4-[4-(4-fluoro-3-

trifluoromethyl-phenyl)-1-methyl-1H-imidazol-2-yl]-piperidine- 1 -carboxylic acid tert-



6-28.352 6 21.962 14 28.428 5 22.108 9 38.232 5 10The present invention
provides crystalline 4-{444-(4-Fluoro-3-trifluoronethyl-

phenyl) - 1-met hyl- 1Hi m dazol - 2-y1) - pi peri din-1-y1l-1H pyrazol o[ 3, 4-4pyrinmd
i ne ptol uenesul fonate characterized by at | east one peak in the x-ray
pattern at WQU¥HMAction angle of 13.70 0.1 or 10. 30PCHYS0%AY4Dy esent
invention al so provides a pharmaceutical fornulation conprising crystalline
4-1444- (4-Fluoro-3-trifluoronet hyl- phefdl) - 1-

15nmet hyl - 1H-i m dazol - 2-yl kpi peridin-1-yll -1H pyrazol o[ 3, 4-ci pyri m di ne p-
t ol uenesul fonate characterized by at | east one peak in the x-ray pattern at
20 diffraction angle of 13.7 0.1 or 10.30 0.1. The present invention

further provi v - o
{4-[4- (4-Fl ug 5Pt 0N B0l BRUD 3 hRER320 i) qve 90 pipuist 0 G S 2 y1)-

pi peri di n-1- y}ﬁ}rearwrpwf@zmié???wfmﬁﬂ |‘TFIEi*’lélfi'ﬂr*f\’@te WF@F%@EW&W&Y%‘Ium

characteri zed; fyecatagq d%ﬂuyk @ﬁ@%de‘{n@m%@@“b 'z@mbf}@ 16 Layy bRt at 20
diffraction angl e of . . .1 for the manu acture of a

medi cament  f gistifigien FWHF‘!?F timtéfbedfte%gﬁr@@@%rﬁéchﬁr”t?é‘eﬁ%ﬁtﬁ ¢f20 mm

adenocar C'sﬂoﬁﬁg Qfad s @ltPihe (oad Dh1hRE & o1 of. ﬂQ:ggdd‘{h&ﬁ},Sﬁmnc (473 mLP70 S6
ki nase (T412é)rﬁt9f rom Upstate USA, Inc. (Charl ottesvi s pr ei ncubat ed

with 10 concemfraissch) Bie sediiRsdumel over 3 mymues. Chiras *t?l‘r'é“ FH?“’? mn at room
t enper ature Wrag(ﬁc[\g\/ald]pyﬂh@d&% 100 GA7 1 3B GmdVAPKé R q) mPéH}uaS[ihﬁdrﬂé adiueuj rom

fdded To i ni tPEFLOER HOFL Rt PFAITE TS &\ oREH'PD POkl iof b0
mnutes at roomAdeRper @tume) ionrfferd kichal %CﬁEIOM_S%(MhHmctwhdﬁj’&dﬁ Imersf ol | owi ng
condi tions, 10 r P? VH 7ve§' 9519;* 0 % 11.?, th mXIu hgslg FH\/I EGTA,

0. 005% TRITON'3E SB35 K6~ KC T AL, ?OR/I[ bt Fate, and 5
nM enzyne. Re®@cCizohSitearhe st Nfaalathedaiw“nm 3% waker 1nm@9@mmahdle85 pL of
quenched reactlo I |ter plate
T oo & Aol B ARARASiE S B ESpRRGE! ORI oF P

mani f ol d. 100mﬁtprmfxetmwhphansk}almeﬂ@011@%@#@% dvheotide21)}- llf‘épsa@ébﬁ“t o each wel |

and plates w KRl gg 1 LoeAUIL oy Ui Q@ VWl lac Beta Counter. Relative
| C50 val ues a‘?]@' 1 atgg p)y non- | |lnear1 four paraneter fitting. The

exenplifi ed Coﬁpomvé/\ﬁb{aemt(@%@‘d 3Qﬁ§m&m@1k}h ﬁhs%?l)-@%&ﬁx@l reshiabove and were
found to have | C50val ues | ess ngg (g é%cj)ug .Tefollovvlng 20
conmpounds wer ¥l-piaEHEgt- é‘és}é{rﬂyfaé’i’l?-s PYGEEERS B %B’f?@ A% @&t e found to have
the fol |l ow NguABideMhd MixtubXAMPRE). |A2GQ s¢iddn of O-téldBdulforic acid monohydrate
(10.25g, 53.9 mmoles, 1.2 eq) in a 20:1 H,0:acetone mixture (40 mL) to the reaction over
20 minutes at 20 °C. Heat the reaction mixture to 35 °C, hold for 1 hour, then cool to 25
20 °Cover 1 hour. Filter the solid and wash the cake with water (40 mL). Drying under
vacuum at 50 °C affords 4- {4-[4-(4-fluoro-3-trifluoromethyl-phenyl)-1-methyi-15-
imidazol-2-y1]-piperidin-1-yi}-1H-pyrazolof3,4-dJpyrimidine p-toluenesulfonate (23.9¢,
86%) as & white solid.
EXAMPLE 58
25  Crystalline 4-{4-[4-(4-Fluoro-3-trifluoromethyl-phenvi}-1-methvi- 1 H-imidazol-2-y1}-

piperidin-1-v1} -1 H-pyrazolo[3 4-dipyrimidine p-toluenesulfonate

To a I-L round bottom fiask with overhead stirrer charge with 60.12g of 4-{4-[4-
(4-Fiuoro-3-trifluoromethyl-phenyl)-1-methyl- L H-imidazol-2-yl}-piperidin-1-yl}-1 H-
pyrazolo{3,4-d]pyrimidine, followed by 250 mL of 5% aq. MeOH. Stir the resulting

30 shurry and add p-toluenesulfonic acid monohydrate (26.88 g) followed by a rinse forward
with the remaining 50 mL of 5% aq. MeOH. Stir the resulting slurry 2nd cool the crystals



0.0103 8 0.00758 10 0.00379 57 0.0127 : Thi s denonstrates that
conpounds of the present invention are potent p70 S6 25Icinase inhibitors.
-66- Angi ogenesis Cord Formation Assay Human neonat al der nal
fibroblast cells (neo NHDF) are seeded into Parkard 96 well plate on the
first day, Wargosiisdébat ed in the 37 C and 5% CO |ncubgFﬁﬂm”Wﬁﬁﬁﬂ3unbirica
vein endothelial cells (HUVEC) are then plated on the top of neo NHDF
cells. 5Starting the third day, the cef4eulture is treated with ei ght-dose
series of the test conpound (starting with 20 nM 13 serial dilution) in

t he presence of 20ng/nL vascul ar endothelial growh factor (VEGF). The
conpound and VEGF are replenished every two to three days. The assay is

conduct ed ovels & A3LAY. AL AthiRE LY Ment Liptibeakngatieibanal for 30

m nutes on t ocesSed for anti” human CD31
i nmunof | uor eéh@ Apkeut viigh 7@91Lt0|§ F‘é%5°éla‘é Maetasd fresdthinries 1east &e SherceRsuman  CD3|

anti body andrihen srtidiesa @Mglﬁ%qh%ﬁﬂdﬁ ADI6SE Al 4B Basedentawith ant i body.
Cells are al so stained by o) V|suaI|ze t he nucl eus. After the
st ai ni ng, thés%ﬁﬁﬂb¥%¥ﬂﬁfﬁﬁﬁ“F§md'éﬁﬁﬁed and quantified using Cellonics

Arrayscan(sr) VTl kighpeari &fifactonagyssialcyfsingd plitht Do Emiadopt i ng the tube

formati on Bi oApplication par.anet er [ e; i ogenesi s

i ndex, are 1§@§@@”F@r8§¥%ﬁJ§§%d?H ¢ PEFRETY gﬁggggﬂEM§@#§#ﬁggfggg conmpound in

this ang|ogem@sn&eaﬁﬁaysaihedéomﬂbumﬁém@ﬂ\Emampbagﬂﬁﬁdﬁﬂmﬂﬂamb¥e tested and

anal yzed essentia Y BS, described above. EXAWPLE 5 10 icso (Am 2.92 4.78
§can o f I5se S tefz.

Angle Angle
2-theta (= 0.1°) Intensity % 2-theta (& 0.1°) Intensity %
6.826 12 23.485 14
10.256 24 23.615 17
12.984 24 23.806 22
13.131 61 24.024 20
13.431 25 24.667 t
13.688 100 24.795 11
14.062 24 25.029 8
15.745 6 25.552 9
17.121 15 26,234 5
18.599 3 26.556 10
18.919 21 27.031 6
19.38 29 ' 27.693 1!
20.603 14 27.97 3
21.661 6 28.352 6
21.962 14 28.428 3
22.108 9 38.232 5
10 The present invention provides crystalline 4- {4-[4-(4-Fluorp-3-triflucromethyl-

nhenyl)-1-methyl- 1 H-imidazol-2-yl}-piperidin-1-yl}-1H-pyrazolo[3 A-dpyrimidine p-
toluenesulfonate characterized by at least one peak in the x-ray pattern at 20 diffraction
angle of 13.7° £ 0.1 or 10.3° = 0.1. The present invention also provides a pharmaceutical
formulation combrising crystalline 4- {4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-1-

15  methyl-1H-imidazol-2-y1}-piperidin-1-yl} -1H-pyrazolo[3 4-d]pyrimidine p-
toluenesulfonate characterized by at least one peak in the x-ray pattern at 20 diffraction
angie of 13.7° 0.1 or 10.3° £ 0.1 The present invention further provides the use of
crystalling 4- {4-[4-(4-Fluoro-3-trifiucromethyl-phenyl)-1-methyl-1 H-imidazol-2-vl}-
piperidin-1-y1}-1 H-pyrazolo{3,4-dJpyrimidine p-toluenesulfonate characterized by at



Thi s denonstrates that conpounds of the present invention are useful in

i nhi biting 20angi ogenesis. Cell Assays Cell s are nmai ntai ned,

typsi ni zed and suspended in Dul becco's nodified Eagle' s nmedi um ( DVEM_

cont ai ni ng 10%fe%gg:_é bovi ne serum (FBS), 25 nM 4-(2-
1

hydr oxyet h}‘f%%"iﬁfﬁ
Pyruvate and 25 0.

t hen

razi neet hanesul foni ¢ aci d (HEPES) ,?CE’BSZWO%E‘{% um
ni M Non Essential Amno Acids (NEAA). |x 103 HCT116 and

2x103 Cells may be seeded in 50 pL in 98 well plates and incubated in 5%
37C overni ght. Conpounds are prepared at desired starting

CO2 at

concentrations and seri al

diluted in DVSO. 4 iL of diluted conpounds arc

transferred in 1 nL 10% PBS DVEM to make up 2X concentrations as added

501iL to theil8dn
are incubated at 37C in_5%

peri od,

ak 1 theEraP pRBANRE 8 Dffrabidh lageif 6 13d0sNG: 1074ve:- I Rkes - 67-
co2 f?r 72 haurs. At the end of ir}cubati on

104 Aegivayiegyrgal 1 2ediEment IME R & 2PPeRCRes s SRtHIHHR ¢

i s deter m nedddnbcatydoll-0@E c@tn. 530 nm exci tati on,

45. The followi ng conpounds were tested in the follow ng cell

he measur enent
580 nit em ssion and Gain
i nes

essentially as described above.gg?ée‘l.\/PLg 7&%{%{%}%49 A2780 NCI - PANC- Rat PC3
| C562 1050 1050 1050 H460 1 | 0=F C50 |

10

15

20

25

P70 S6 kinase (T412E) from Upstate USA, Inc. (Charlottesville, VA) is
preincubated with 10 concentrations of compound in a 15 uL volume for 30 min at room
temperature in 96-well plates. PKA, PKC, MAPKAP - K1 Substrate from AnaSpec (San
Jose, CA) and gamma “P-ATP from PerkinElmer (Waltham, MA) is added to initiate the
reaction which is allowed to proceed for 60 minutes at room temperature in a final 25 pL
volume under the following conditions: 10 mM HEPES pH 7.5, 10 mM MgCl,, 1.0 mM
DTT, 0.082 mM EGTA, 0.005% TRITON X-100™, 25 uM, 25 uM ATP, 40 pCi/mL, 4
uM substrate, and 5 nM enzyme. Reactions are terminated with 75 pL 10% H3PO4 and

85 uL of quenched reaction mix is transferred to a phosphocellulose filter plate (Millipore

HMAPHNNOBS0) and washed with 0.5% HiPO, using a vacuum manifold. 100 ul of
Microscint 20 (Packard #60113621) is added to each well and plates with liner are
counted using a Wallac Beta Counter. Relative ICso values are calculated by non-linear
four parameter fitting. The exemplified compounds were tested essentially as described
above and were found to have ICsp vatues less than or equal to 0.75 pM. The following
cbmpounds were tested essentially as described above and were found to have the

following activity:

EXAMPLE ICse (M)

5 0.0294
7 0.0103
8 0.00758 -
10 0.00379
57 0.0127

This demonstraies that compounds of the present invention are potent p70 56

kinase inhibitors.



(11'M (M & VO 1050 (Prvi) 1050 (PTH) O N O (iM - (j11Vl) 5 14.6 22
NA NA NA NA NA NA 57 27.52 10.28 |
WO 2608/140947 PCT/US2008/062143
-66~-

Angioegenesis Cord Formation Assay
Human neonatal dermal fibroblast cells {(neo NHDF) are seeded into Parkard 56
well plate on the first day, and incubated in the 37 °C and 5% CO; incubator. Human
umbilical vein endothelia! cells (HUVEC) are then plated on the top of neo NHDF cells.
5  Starting the third day, the co-culture is treated with eight-dose series of the test compound
(starting with 20 uM, 1.3 scrial ditution) in the presence of 20ng/mL vascular cndothelial
growth factor (VEGF). The compound and VEGE are replenished every two to three
days. The assay is conducted over a 12 day period. Cells are fixed by cold 70% ethanol
for 30 minutes on the 12" day and processed for anéi human CD31 immunofluorescence.
10 Culturss are incubated with mouse anti human CD31 antibody and then stained by goat
anti mouse alexa 488 secondary antibody. Cells are also stained by Hoechst to visualize
the nucleus. Afier the staining, the cord formation is captured and quantified using
Cellomics Arrayscan® VTT high content image analysis platform adopting the tube
formation BioApplication. Two parameters, the cord area and angiogenesis index, are
15  used to calculate the relative potency of the test compound in this angiogenesis assay.

The co:ﬁpounds of Examples 5 and 10 werc tested and analyzed cssentially as described

above.
[ TEXAMPLE ICs0 (nM)
5 2.92
10 4.78

This demonstrates that compounds of the present invention arc useful in inhibiting
20  angiogenesis.
Cell Assays
Cells are maintained, then typsinized and suspended in Dulbecco's modified
Eagle's medium {DMEM_ containing 10% fetal bovine serum (FBS), 25 mM 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 1.0 mM Sodium Pyruvate and
25 0.1 mM Non Essential Amino Acids (NEAA). 1%10° HCT116 and 2x10° Cells may be
seeded in 50 uL in 96 well plates and incubated in 5% CO» at 37°C overnight.
Compounds are prepared at desired starting concentrations and serial diluted in DMSO.
4 L of diluted compounds arc transferred in 1 mL 10% FBS DMEM to make up 2X
concentrations as added 50uL to the S0pL in the presence of cells for dosing. The plates



25,05 23.99 30.24 51.62 31.92 16.46 5 This indicates that the
conpounds of the present invention are useful in inhibiting the
proliferation of these cell Lines via a mechanisminvolving p70 86 | dnase.
Det er mi nat {,gn, of . B/Q S6K I'n Vivo Target Inhibition (FlgdrhdfisedAEHCT 116
human col on carcinoma cells* (5 x 106) are subcutaneously 1 nplanted into
the flank of athym.c nude mice in 0.2 pilL.of matrigel. Two weeks
post-inplantation, mce are dosed PO according to a tinme course, single
dose/single tinme point, or dose response protocol for the determ nation of
TMEDS0 (threshold m ninmum effective dose). Tunors are flash frozen -at
harvest. and blood is collected for the determ nation of parent 15 conpound
pl asma expos urnd@bddtan&r°cal 26 Cab Fop M2 bhursT WEBS end df Incetshied phrind, idpum ef f ecti ve
concentratio in.the e of. dose response studies. Jumrs..or tissues are
honogeni zed ?%”&?B‘?&ﬁ@ﬁﬁﬁ?f%?f%%ﬁﬁﬁfﬁﬁﬁ“%&ﬁ%%%%ﬁ%ﬁ“fb%%g?%ﬁﬁ

Trypsi n- Chy nutyroFst 2 S3nin bicktavion, 580 nggimirkioT ashyGainpdie At Blllaripk chl or onet hyl

s e e
p-t 0syl - L- ar {ERANPLESIERTM@EAS4 |(F7NE) | NCE (PN 4- Rat rlogkan) I'rﬁéﬁc sphat e
50
_NLW

(pNPP), 5 nmMi Benzani dj nise 1| dfifa; &aadatidé0 101 ¥ NadP76250 I€wg
phenyl met hang sul of nyl GMyor (rd® |( PVEBF) | 1@soriM BVD, |18Cse rli MMEDT 8.0, 5 nv
EGTA pH 8.0, |1 gM M cracystin, 1 gM OkafNx | Acid,. ia#8D1 Roche Conpl et e

prot ease inhilbitdr m pil4Gbl e?2 perN40 mYAusi My LyisiMy IMaitiai x KAt ybes (WP

Bi onnedi cal s,/ Sotspm, "PS7Ght | T@Ed 1730 90 [ abgh A BIh0G [BAeTM@ aggvant Fast
Prep FP12. Lysatés are aliqioted and elther!assayeld inmediately od stored
at -80 C fr later testing. In Vivo Target Inhibition of p70 S6K is

measured utilizi ngpVeaQaRGhk fe PhRSRHA! o te GRED B HBYE He udVB) in infiingEL| SA
technol ogy to assess effects of e conpound on _ phos ation of the

ot . und hor yl
serine 240/ 244e gpkferaign of Hiesegelinss Vigamesimsetir gm0 g@)}ﬁ‘ﬁ horyl ati on of p70
S6K(T389) and Akt (S473) is also assessed using this technology in a

mul tiplex format. In summary, 20 . of .| ysate |s.adde car bon

el ectrode 96-wel | plstesmpraocyad’f gg‘(gﬁ‘ Fﬁ%frﬁégeé fbé?)"f”i(gt(%{olé%:apt ure

anti bodi esg Thc phatrei fh@henicoibeELShomascer @b e do’yat ngoaarettshemblared abel ed
detection antj bo U t he passage, of current aver the electraode in the
presence of r @Q’&E%W E&%S‘hct %Bﬁ?’}?ﬁgl%%m%ﬁ P“é%‘é?"aﬁ}w ’f[ﬁ’ek? BosElofdnlBE

.el ectro- chen hitgkRdsee R0 eccoeiiglt stimncduve, sygiveiosetsingly tiofe poinglat dowhi ch i s
quant i fi ed and, 1 ecorded: 4810005 MER: SRAEA! 10A0R hASHLNIRRL, QS each

study, percent™ %It 1 ons are cal cu d refative to the vehicle control
group and ANOWmdr®arafizh ok af imrysetahdblnedis ogflested fontge dnpmigiangipdcpackage for

the, det er mynat g,y Shabloskheal (S GBI apeazCTe LRl Al demmeunds vere

tested esséntra S above and have the foll ow ng potencies
based on pl aspecentpissiinghe cEEARMSEresEBEr ysicy) Tgnors g tigsugs agphqgrogepizpd
in XY Lysis buffer (10pg/mL Leupeptin, 10 pg/mL Trypsin-Chymotrypsin Inhibitor, 10
pg/mL Tosy! phenylalanyl chioromethyl ketone (TPCK), 10 ug/mL Aprotinin, 60 mM
Beta-Glycerol Phosphate, 1% Triton X100, 25 mM Tris pH 7.5, 2.5 mM Pyrophosphate,
20 150 mM NaCl, 2 mM p-tosyl-L-arginire methyl ester (TAME), 15 mM para-nitrophenyl
phosphate (pNPP), 5 mM Benzamidine, 1 mM Na Vanadate, 10 mM NaF, 50 ug/mL
phenyimethane sullofnyi fluoride (PMSF), 1 mM DTT, 15 mM EDTA pH 8.0, 5 mM.
EGTA pH 8.0, | pM Microcystin, 1 uM Okadaic Acid, and 1 Roche Complete protease

inhibitor mini-tablet per 10 mL) using Lysing Matrix A tubes (MP Biomedicals, Solon,
25  OH, cat¥ 6910-500) and a BIO101 Thermo Savant Fast Prep FP12. Lysates are aliquoted
and either assayed immediately or stored at -80 °C for later testing, In Vive Target

Inhibition of p70 S6K is measured utilizing Meso Scale Discovery (Gaithersburg, MD)



10 1.97 *Alternatively, US7Ms cells may be used in the procedure descri bed
above. This denonstrates the ability of conpounds of the present
i nvention to inhibit p70 S6 15l dnase in vivo. Determ nation of p70 SOC In

Vivo Efficac 116 human col on carci noma cel | are

“subcut aneoﬂ’ﬁy’?“ﬁ“ﬁ?ﬂ*bnt ed into the flank of athynic nudécﬁ%goggﬂgﬁ%s of
matrigcl. One week post-inplantation, mce are dosed PO according to the
phar macoki neti cs and the phar nacodynaﬁffr:s of the 20 nolecule to maintain
30-50% or 60-90% p56 I nhibition over a 24 hr period. Dosing is continued

for at least 21 days. Tunor volunmes are neasured bi-weekly to eval uate drug
related tunor grow h reduction utilizing standard nethods. At the end of

the study, tgiRSAhQod 188det ErazeRr AL cMo\ﬁ@cﬁ&n ABGhE e dfsheG@inkect ed for
the determ nation of parent conpgQund @g %%ﬁ? 70 ?%?fg@?oﬁnd of
Exanpl e 5 wad¢/ @étsé@fé@sdél’fﬁ“ﬁ?“ﬂ §rffe&§’r c'E‘PEIpB 8:
2008/ 140947 PW(%@PQ%&@@&M& umﬁgth;q tevﬁ{wd;gbaa Bx@u]ﬂ”gé:k@n% 16 Binbnaty, 20) 60 ny/ kg
PO (BID x 21) 60 21) Day T VoI une’ Vol ume'  Tunor
Vol ume'  Tunoie %lpzﬁxﬁ:és adge a gar en43 Qg W_f_: p § PIggShgtie \?Hgtge appropriate
5 capture antibodics. The protein of interest is probed vsing & ruthemium labeled detection
antibody. Upon the passage of current over the electrode in the presence of read buffer
containing the co-reactant TPA, electro-chemiluminescence results in the generation of
light which is quantified and recorded using the MSD Sector 6000 instrument. For each
study, percent inhibitions are calculated relative to the vehicle control group and ANOVA
10 analysis is performed using the JMP software package for the determination of statistical
significance. The following compounds were tested essentially as described above and

have the following potencies based on plasma exposure.

EXAMPLE 1Cso (1M)
5 7.3
7 1.92
8 47.7
10 197

* Alternatively, UB7MG cells may be used in the procedure described above.
This demonsirates the ability of compounds of the present invention to inhibit p70 56
15  kinase In vivo.
) Determination of p70 S6K In Vive Efficacy
HCT 116 human colon carcinoma cells (5 x 10°%) are subc_utaneousiy implanted
into the flank of athymic nude mice in 0.2 mL of matrigel. One week post-implantation,
mice are dosed PQ according to the pharmacokinetics and the pharmacodynamics of the
20 molecule to maintain 30-50% or 60-90% pS6 Inhibition over a 24 hr period. Dosing is
continued for at least 21 days. Tumor volumes are measured bi-weekly to evaluate drug
related tumor growth reduction utilizing standard methods. At the end of the study,
tumors are flash-frozen at harvest and blood is collected for the determination of parent
compound plasma exposure. The compound of Examplé 5 was tested essentially as

25 described above.



13 100.9 + 13.7 58.7 +.

4.8"

42.1 + 6.2*** 57.8 + 10.7**

16 163.1 + 25.7

90.9 + 9.4*** 72,1 + 11.8*** 85,0 + 13.3*** 20 287.1 + 31.9 134.6 + 13.2***
1390 26.4*** 142.5 18.4*** 23 402.2 + 43.1 192.7 13. 5*** 188. 4+ 25, 9***
194.5 + 25, 7*** 27 545.0 + 41.1 296.3 + 30.1*** 280. 0 xxx 252.7 +
344%++  Ve¥RWEHHE (mi) of 10 animals + standard deV|a 2(;]ﬂgﬂ}%ﬂiuafference

not significant elative to vehicle treatnent group.
relative o vehicle treatnment group 5**@p <0.001 relative to vehicle

treatment group This denonstrates that the conponds of the present

I nvention arc useful
of the conpounds of the present

in reducing rates of tunmor growth. Oa
I nvention is preferred.

"0.001 < p <0.01

adm ni strati on

30 mg/kg PO | 60 mg/kg PO 60 mg/kg PO
Vehicle (BID x 21) (BID x 21) (QD x 21)
Day | Tumor Volume® | Tumor Volume® | Tumor Volume® | Tumor Volume®
8 38.5+4.1 365+3.1° 28.8 +2.6° 30.6 +3.4°
13 100.9+137 587+ 4.8%% 42,1 +6.2%** 57.8 + 10.7**
16 163.1 +25.7 90.9 + 9. 4* %= 72.1 £ 1] 8%** R5.0 +13.3%**
20 287.1+31.9 1346+ 13.2%** | 13904+ 264%%* | 1425+ 1R 4%**
23 4022 +43.1 1927 + 13, 5% 18R 4 4 25 9¥** 104 5 4 25.7%%*
27 545.0+41.1 206.3 +30.1%%* | 280.0 + 36.1%%* | 2527 + 34.4%%*

“Mean volume (mm”) of 10 animals + standard deviation.

*Difference not significant relative to vehicle treatment group.

*#() 001 < p <0.0] relative to vehicle treatrment group

5 **%p5 <(.001 relative to vehicle treatment group
This demonstratcs that the componds of the present invention are wseful in reducing rates
of tumor growth. _
Oral administration of the compounds of the present invention is preferred:

10 However, oral administration is not the only route or even the only preferred route. For
example, transdermal administration may be very desirable for patients who are forgetful
or petulant about taking oral medicine, and the intravenous route may be preferred as a
matter of convenience dr to avoid potential complications rejated to oral administration.
Compounds of Formula I may also be administered by the percutaneous, intramuscular,
15  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 and the caregiver, and other relevant circumstances

(Remington's Pharmaceutical Sciences, 18th Edition, Mack Publishing Co. (1990)).

The pharmaceutical compositions are prepared in a manner well known in the

20 pharmaceutical art. The carrier or excipient may be a solid, semi-solid, or liquid material
that can serve as a vehicle or medium for the active ingredient. Suitable carriers or
excipients are well known in the art. The pharmaceutical composition may be adapted for
oral, inhalation, parenteral, or topical use and may be administered to the patient in the
form of tablets, capsules, acroscls, inhalants, suppositories, solutions, suspensions, or the
25 like.

The compounds of the present invention, alone, or optionally in combination with

an oncolytic, cytotoxic agent, or therapeutic agent, are usually administered in the form of



10 However, oral adm nistration is not the only route or even the only
preferred route. For exanple, transdermal adm nistration nmay be very
desirable for patients who are forgetful or petul ant about taki ng or al

medi cine, and the intravenous route may be preferred as_a matter of
conveni enc¥O0¥d0%Y0i d potential conplications rel at &iF% 1"‘6329)‘18‘39“3

adm ni stration. Conmpounds of Fornula | _may al so be adm nistered by the

per cut aneous, intranuscul ar, 15i ntrana&sl or intrarectal route in

particul ar circunstances. The route of adninistration may be varied in any
way, limted by the physical properties of the drugs, the convenience of
the patient and the caregiver, and other rel evant circunstances

(Rem nRton' s E’%ﬂ%@tﬁﬁ%ﬁr&ﬁ orSGHERGRS be MabiRiEl gaa%nformlmﬁ isshing Co.
(1990)). The® rmaceuti cal conposifions are prepared in a manner wel |
known in thex@oﬁﬁwm@m&mwpm@wwwﬁ@ tableisy Fasthepurpseof pridhrenflif be a solid,

sem -solid, QfmhiGof tﬁ%ﬁ?étﬁhq h A iRARoRe Wt Afcifen @Rl 6le@ irQke RAI UM f or
the active ingredient. Sui |l e carriers or exc%f%)rl ents are vveII known in

the art. The °pRBPFHHORIE CRAPE FRTOSHPPBP Y Be VTSP SR SFmsgpde

i nhal ation, pasemnkQAdparafins El@ﬁﬂd@&{talﬂﬁacaﬁﬂﬂé by daelpaﬁhmomhsprecrcad to the
patient .in the formoTP .table

Ejjé caps er osol s, lhnhal an %

supposi t or i edIVRBRURS HHE ng ‘iﬁ’éﬁ‘éﬁw e"f’)’t’ed FREDG Y YHRR the particular conpounds
of the presenhd inVeAtdnRBry RIboREen 4% toadbtT0EIF the vaigi@fithi nsit T Wi th an
oncol ytic, cytotox a l‘.\XlI @dm ni stered

or therapeutic. t usual
in the form c?fmunt?lt-)t%e b%ﬁ’ﬂ*ﬁi&@é‘?ﬁ?"it TP RY IR gtsg"grﬁnhsata mta%n gOs’afe:b admi ni st er ed
orally, for esampd. G?ref\‘bllrftdhomﬁmltﬂﬁm’dnd dicbaretivhs ofithaqapsuiresntion mephpr essed into

t abl et s. or the r r dm nistration, the conmpounds
may be in’c: S5FEap (Lléb&n ﬁ‘ogsx\%c?’ }CI%%\F]I% @g‘gﬁ%ﬁﬁ&s?ﬁs“gn the formof tablets,
troches, capsul esTheghllsd, pidls, Cmaslpﬁensqhgmsnd By lilgpezy alymewtain one hewpragf gums and
the 5like. These,nr: S g LoREA R afk sleid%e.0f the conpound of
thc present Pﬁg\/@u({%%ﬁﬁhﬂé@g@gl veylén re {jen]@ )Jlr&ﬁ / be evarl ed dependi ng
upon the par trhigiebrawtal fasreathasel ofrgRjatisoRrIRIfRE AT 41'94615%5“613%5\/\%‘?*1 koipto about 70% of
the wei ght of . { g Ullide celiife @Jm%unp% oTa;hﬁteC&ﬂiH B8 QRkL ad:N COMposi tions
is such that a suitable dosage wi || be obtained “&S %red conposi tions and
prepar at i 6hs Cé‘fsc%fﬁ‘é“oﬁ?»é%’@?r‘?t"dPW‘Fv@HWP’dF?”W&“;}YCB]é“%l‘GH‘e“E ANEEY et hods wel |
known to the gkichiedicRist ingfsium stearatihﬁbahakﬂz@ta&,or pydrd@matsaa:pgdtubﬁsm troches,
and the |like nay al so cont

nore of the /ant s:
bi nders such %@afﬁWFlﬂﬁﬁéno‘“ﬁ%/ ?%952318#‘8597 S PET Sé‘é% o rﬁo ‘HS’QMF%T’ i ne
cel l ul ose, or m@@bmdmze %}(ﬁﬁp@v&lﬁhﬁmﬁxg@genw shahesnt sicoic Bpatimest scahrin hact ose,
m crocrystal lineg.cellul ose or dical cium ph . Al Sl r agents
such as: 15cr & a%g?drf’éfik{%sogng &g ch\“ d%eﬁgergun E%r%fg Sgllc ?d?:%drgfag%o{%%rﬂ,% corn
st arch andat he/hknd tkedoshgelunit famntiss cspm-h asry nepTe Biadditicn te saknids ofdieeari ¢ aci d,
talc or hydro en C licon
di oxi de; wetti%n thg%%%égﬁﬂag%rg%ﬂhi R Hr#ﬁp%l? &Cﬁa z)tﬂe@‘lg%lgﬂo%gél ‘i/rgéor bat e 80;
and sweet eni n’@nax}emcwn\smwmea@m@me@g’é hapmpd tt@rﬁé}’%ﬂﬂf iopeefibg dorrgfay be added
or a flavori ng{h?ﬂﬁ" arr@&ceg cga%mgso‘?ﬂﬂet%ﬁ@gr’pﬂ@ﬁalﬂﬁk c@abiviik@le or orange

flavoring. 20Whén t bsage tnit formis a capsule, it may contain, in
addition to rrhxdeﬁvwmyiwhvlhélumv@m%@fﬂﬁeﬂ ‘?rﬁ’g‘ie%i:c’&%{‘rgrai%@ﬁs Y '

pol yet hyl ene gl yGok, Qfiign o@el¥esGit Eemﬁlﬁtﬁrsuﬁlx@&%g@swﬁéiehmé %eﬂ%&nﬁ%‘taﬁaont ain
other various matérials that nodify ysical formof the dgsage unit,

for exanple, B&EseEWHYISTHES 20dRejering %&Sil f@f"%rs oMa‘ﬁ‘i@*SI usedp prepating BEsedAT WMt h sugar

hydr oxypropyl csmtdevbicahdui &?ﬂamﬂ&hﬁdiﬂ? B@e il ndt-eic iDthe @hf@L ug@at i ng agent s.
Syrups may 25 contain, in additi ogrlto t he 1;)Jlrgsent corr‘ggunds sucrose as a

sweet eni ng agent an§ cEBPAGST 5’?"5’%‘ FRrzevdly efferdEe W WF FT856E%End f 1 avor s.
Materi al s usegoi dxaiple Qi@{algﬂgmt ch@ﬁ@'mdﬁjf fan u&thﬂ@kﬁ:pﬂ%b bfl abong OB @dbauthe
pharmaceutjcal ly re, and, naqn- tOXI : The conmpounds
of For mul &9 w@(g@ghc&ygfer,}t 3’? foé’l?t‘f"“\f‘é‘ce(?\%gfa %ﬁ’/ﬁ 5335 ogé%zaeerrhénﬁt £ Eor “exanyl e,
dosages per dajrdigi Fﬂh};& yayf 2l oranbithidagarewiiiRigeho basedsd Ufar@r @gestoaydoout 10

30ng/ kg of bod |
PImt of 1 ho dPBGET or g ROy R AR Bk R Rl Rl R

cases still larger doses nmay be enployed w thout causing any harnful side
effect, and therefore the above dosage range -71- is not intended to limt
the scope of the invention in any way. It will be understood that the
anount of the conpound actually adm nistered will be determ ned by a
physician, in the light of the relevant circunstances, including the
condition to be treated, the chosen route of adm nistration, the actual
conpound or conpounds adm nistered, the age, 5weight, and response of the

i ndi vi dual patient, and the severity of the patient's synptons.



For exanpl e, one formation may include a conpound of Forrmula | and 2.223 pL
of I N NaOH per rag of conpound, with 1% EEC /0. 25% Tween 80 / 0. 05%

Anti f oam 1510- US vehicle according to the follow ng cal cul ation: niL "of

vehi cle tqaddsT6sy0 of conpound / Theoretical ng/ nl) rersmomdszmonpound /
1200 nmg/ mL estl mat ed conpound 10 density) - mL of IN NaOH added. Another
formul ati on may include 5% vitam n ETEGS, | % hydroxyethyl cellul ose, and

0. 05% Dow Coming Antifoamin purified water. The bi oavailability of -
conpounds of the present invention nmay be measured by net hods known to the
skilled artisan. For exanple a compound of Formula | is‘ adm nistered to
Sprague Dawl ey rats at doses of 1 ng/kg (I1V) or 10 %}gral gavage)
15i n a convemhdtdnakisd to fimitlthetscepa of thpingensipn @ErYRAL Yﬁ‘H t"*TS

suspens! on (e gt t%%%’cslf\é?uﬁﬁ&tuaﬁy DRk mxad@daenmad%)l phicRg, iff [l ed
conpound of Formnu | es are obtained and conc trat| ons of

t he conpoundthefighFefthareiavant g:cemm@um@iadmgr%cwswwr?a TEAedERE PR 57 was

eval uated in,g, 'E!szdﬂx‘?ﬁst%hﬁ}x%@%t&a%d&boﬁﬁdﬂr lc@;ﬁpoh@dstahhaimsd&sam akge.d above and
found to have an ora |oavallab|I|t¥ 0]

A
conpound bf whightfaod rrsroasc affferindipidualypatient, epéé*jﬁ‘-‘ ﬁ°%fﬁ8‘7‘§°zpaéﬁ"}§s fyﬁ“cP "“‘éndent ly CR3
or N, provided t @gxtefxgﬁll%i@%% %%nﬁfoﬁrrﬁﬂncﬁﬁg'fboh«lpoﬂd of Borkuian 3%2235}2, i s phenyl

1 r

substituted with a substituent sel ected %@I o%%%ﬂ ri fluoromet hyl
and opt i onal bfi N NeQHhesr mgwbeamirewde ity @W@@@ééﬁ’é“%‘h & Rikfer ei n sai d
S ;‘glogg | Isg;’ft '1§l@q.%vehéleQ@clof:ﬁhng%thh%lﬁ%ﬂ@@ﬂ@ﬂhtloﬂahtl,of@&\rcﬁao aldy(ng o€3- C6

ynyl , wherein tio y
substi t ut ed WWW“W&F‘WWIME’% (8 °§?"€‘WW§262¢QJQ¥* un.P 5ge Eﬁli')dr Cl -
al kyl; RBgi s st og,grbfimva@fmh@eﬁrrmﬁmbi forduligionmeeiptiadel E’/osradnum Ehereof. - 73-

2. The corrpound of r eut  cal | e t thereof,
wherein Z2 i JPHE, Wghydqqziéet}éréﬁ?ﬁlﬂgﬁqﬁgﬁ 0% d_l Xtha}ga% ﬁbﬁjﬂ{eﬁ \ﬁt@l
{ 444- (4-Fl uor o- 3-e bfoﬁ&tﬂﬂﬂi’lﬂ?bfﬁbhtpahﬁnqﬂl)e—present invention may be measured by

1- net hyl - 1H i m_dazol di n= 1 ] pyri m dine, or
a phar naceut |“E§’PN“8‘6%E’6‘B‘3§%1HE§§'JHTEP W an]{c?f! ﬁlﬁ’é%tgdrégﬁﬁg claim3.
which is administered to Sprague Dawley rats at doses of 1 mg/kg (IV)or 10 mgfkg (oral gavage)

44444 (4-Fl ugro-3-tr.if @hge,e 341 pi pelid
in-1-y11-%H “b%/‘f"&%%‘F%“[ "m“ g{%@/ %‘%?@f%% a“ilmﬁ% @Xlﬁde%e_i’tpmsgﬁgt e 5.

phar maceut i caisss,vHEGDIOS Antifremiis ivter) asi el areppeynd shforgle & S}aﬁﬁa 1to 4,

or a pharmaceutically tat%g?rmc%meﬁtrﬁi%hstoftﬂﬁ%liﬁ@und bﬁoﬁﬂﬁi’l dﬂ@-fnb@ﬁ}‘ed/\ﬁ th a

phar maceut i cafty=acce carrier uen exci ent A compound of
any one of ClTi nmpl)umbofzﬁmnﬁﬂe &7 ‘ﬁﬁe?i’“ﬂ%?é"é‘d’ﬁﬂ‘ﬁtlh?‘g/*’“%@é‘ Yk Eoé]i“f t her eof ,

for use in t c%Bé’davae @%M@h%eﬁa@ﬁ@@%@:}@ofamwwf Claims 1 to 4, or a
phar maceuti ca y acceptabl e salt thereof, for the manufacture of a

medi canent for the treatnent of adenocarci nonas of the col on.
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WE CLAIM:
1. A compound of the formula:

oo

e

\2;721 R
I
wherein:
Y is CR%
Z; and Z, are independently CR?*or N, provided that Z; and Z, are not both N;
R'is H or CHs;

R? is phenyl substituted with a first substituent scle_c’ied from halo and
trifluoromethyl and optionally further substituted with a second substituent

wherein said second substituent is halo;
Riis hydrogen, halo, C;-Cy4 alkyl, C3-Cs cycloalkyl, or C,-Cg alkynyl, wherein
C,-Cg alkyny! is optionally substituted with hydroxy;

R* and R® are independently hydrogen or C1-C4 alkyl;

R¢ is hydrogen; or a pharmaceutically acceptable salt thereof.
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2. The compound of Claim.1, or a pharmaceutically acceptable salt thereof, wherein
ZQ is N.

3. The compound of Claim 1 which 1s 4- {4-[4-(4-Fluoro-3-triflucromethyl-phenyl)-
_1-mct}1yl~ 1 H-imidazol-2-yl]-piperidin-1-yl} -1 H-pyrazolo[ 3,4-d]pyrimidine, or a

pharmaceutically acceptable salt thereof.

4. The compound of claim 3 which is 4- {4-[4-(4-Fluoro-3-trifluoromethyl-
- phenyl)~1~mcthy1-1H~imidazol~2-y1]—piperidin-l-yl}-lH -pyrazolo[3,4-
dlpyrimidine p-toluenesulfonate.

5. A pharmaceutical formulation comprising a compound of any of Claims 1 to 4, o
a pharmaceutically acceptable salt thereof, in combination with a

pharmaceutically acceptable carrier, diluent or excipient.

6. A compound of any one of Claims 1 to 4, or a pharmaceutically acceptable salt

thereof, for use in therapy.

7. The use of a compound of any of Claims 1 to 4, or a pharmaceutically acceptable -
salt thereof, for the manufacture of a medicament for the treatment of

adenocarcinomas of the colon.



