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BENZI M DAZOLE- CARBOXAM DE COVPOUNDS AS 5- HT4 RECEPTOR
WSO EBE 10 15 BACKGROUND OF THE | NVENTI ON  PCEIUS2008/020085

the I nvention The invention is directed to

benzi m dazol e- car boxam de conmpounds whi ch are useful

as 5-HT4 receptor agonists. The invention is also

directed to pharnaceutical conpositions conprising

such compounds, nethods of using such conmpounds for

treating 20 or preventing nedical conditions nediated

by 5-HT4 receptor activity, and processes and

i ntermedi ates useful for preparing such conpounds.

State of the Art Serotonin (5-hydroxytryptam ne, 5-HTI)

EITRAPARECA ORI PPt mep T T R R o

system and in peri pheratA é&g At | east seven

subt ypes of serotonin receptors have been identified
and the interaction of serotonin with these different
receptors is linked to a wide variety of

physi ol ogi cal functions. There has been, therefore,
substantial interest in devel oping therapeutic agents
that target specific 5-HT receptor subtypes. 30 In
particul ar, characterization of 5-HT4 receptors and
identification of pharmaceutical agents that interact
with them has been the focus of significant recent

activity. (See, ' ngl oi s
Field&D Fi.schpei st erﬂgéﬁ%ggﬁl@ gﬁﬁfﬂ%ﬁ%%%oﬁx@lg 344.)
—g—ﬁhh&gle@@or agoni sts are useful for the treatnent

of Tde sieB6:SisirebREYS BchziRIakd 1k Y gﬁiaﬁlﬂ@ copggunds which are

gastroi ntestinal tract. Such disorders inc
usefpilasiSHBh techpiwesgonystd r Theen8dtioh BSso dheaed © pharmaceutical

R IR N T LG —
or pi@a&itingesaROR o8&l itibRf thitiatdd & @3?1“&@@?@1* cﬂ@%‘}g .08 fo%%és%s and
i nt es I nal eu 3tru

post - operative il eus,
lntemlaéﬁsugeﬁlhﬂmwmpadag ayebcbotpansdy. . I n addition, i t has
been suggested that sone 5-HT4 receptor agoni st
conmpounds maybe used in the treatnment of centra
Statd & ti@Ugt syst em di sorders including cognitive
di sorders, behavioral disorders, nmood 5 disorders, and
di Septhais(Seltydcontryptantfie, St G revtatratmitier tReipiidely

h ut|I|t of pharmaceutical agents nDduIatlng
distrl %‘F?fﬁfr"é‘g% ballyy ‘?Q}ﬁf@thefcsa?@ DEFFRUF BYSRRR aRd BgRsripheral
systeBRMAUSHEE sVes sﬁlﬁyﬁés'o@ s&BlondPRcitoRHEFERen identified and the

interaction of serotonin with these different receptors is linked to a wide variety of

physiological functions. There has been, therefore, substantial interest in developing
therapeutic agents that target specific 5-HT receptor subtypes.

In particular, characterization of 5-HT, receptors and identification of
pharmaceutical agents that interact with them has been the focus of significant recent
activity. (See, for example, the review by Langlois and Fischmeister, J. Med, Chem, 2003,
46, 319-344.) 5-HT, receptor agonists are useful for the treatment of disorders of reduced
motility of the gastrointestinal tract. Such disorders include irritable bowel syndrome

(IBS), chronic constipation, functional dyspepsia, delayed gastric emptying,
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Accordingly, there is a need for new 5-HT4 receptor

agoni sts that achieve their desired effects with
woreveeis1si de effects. Preferred agents nay poBGEES2006/020085

anmong ot her properties, 10 inproved selectivity,

pot ency, phar macoki netic properties, and/or duration

gastﬁ?esmg%ﬂ% reflug diagared GER D HEastrovEIeFIsPOSHapeTativesittuis pintestinal

Psetgé'ooélﬁss cctloﬂ id d gq&ﬁ‘nﬁ‘géeﬂ%{’]ﬁ?t{:ﬁﬁ? gxz?s‘qd%é mﬁ@%ﬁ,ﬁ%%ﬂ?ggested
that @6mb lsa{Tmeammgoh@w@dmﬂdi R Be 1Sedia the e RRLAYS caftehl

sel ective 5-HT4 receptor agonists. |In addition,
nervopg Fystenbdiserdisduslading cogmiave m@rdpxismhﬁmeal deserdets ood

5 d1so}d%rse>§.Fd Hfssrg]:aﬁvo?r gﬁk&ar Eﬁ{gng tic', gf pggggrt ies in an

bi @rewpitd b btdatl Yitiliposk plfaﬂhac’édfﬂdﬁ 'agérfts'iﬁlb@ﬂatmg 5-HT, receptor
Accor dingly, the invention provides a conpound of
activifyy fRYY P&ﬁ)rece@tqq axomuswompomdq ary in Qlcmveﬁ gsedtpres@it. i s

| tit u
Acofrdir, e 15U MBS ol el Rttt i beni iR f aesired
effeeté GiBntiniahe Ride affRets € PRefBrrédBadin@ rmély poskdal, ahgx@o%r properties,
wherein R3 is selected from 25 phenyl, optionally
10 impuoyed slectiviy natengy.phapnacokingtis abweHticasamdéor detationed sétiom
Cz_4al kyl, hal o, G 4al koxy, -CF3, -0OCF3, -OCHF2, and
-CN, Cl. 5al kyl, C4 _5cycloal kyl, and 2 WD 2006/ 127815

PCT/ US2006/ OZOWMAMNT‘?HMNWN'TI@NS 0 or 1 and A
Is selected from am no, an t hi ophenyl ,
oA BRBIVERAN progidesingiel éqimp@mﬂ% thqﬁpo$8§$SrﬁfHT4 receptor agonist

actnﬁ@f Fctie cﬂﬂ%r pr p(? 5 éé;sggéllﬂecrunla g@;gﬁl‘? &tlﬂg :héve been found to be
15 poteﬁtfﬁnd&@llebtﬂderB’JHTﬂreéep@dr%?@mbﬁO‘I@bcﬁﬁﬁ’&) \A%kéﬁ{tlred &ﬂﬁbo%més Sf the

di met hyl i soxazol erein R4
inverfjqiy ye heasy foand Bagsbyhit faanmbREphaﬂnmmkngehc pumertms aﬂl hry animal

mod%%&? éru tp?gd1¥1¥15\16 of1 g@ﬁg hlaﬂaﬁgﬁaysl ép%tg gr% : 1?116%1%3})1? def Ir:gm
( d)&cc&fﬁi@k@&ﬁi@%{\)eﬂoﬁ\@%ﬁdé@ ARBuipdully Bf RIGAIAQT): C1- 3al ky!
and R7 is hydrogen,

@“@Q

HN~<
®

20  wherein:
R' is Cy.salkyl, optionally substituted with -OH; and
X is selected from
() -C(O)OR? wherein R? is Cy.4alkyl or —(CHy),-phenyl wherein n is 0 or 1;
(b) -C(O)R? wherein R® is selected from:
25 phenyl, optionally substituted with 1, 2, or 3 substituents selected from
Ci.qalkyl, halo, Ci4alkoxy, -CF3, -OCF3, -OCHF,, and —CN,
Cisalkyl,
Cs.scycloalkyl, and



10 -OH, or Cl.3alkyl; or R6 and R7 taken together form

oxo or -(CH2)2-; and R8 is phenyl or cycl ohexyl,
wob@sae2is1phenyl or cycl ohexyl are optionally PCT/US2006/020085

substituted with 1, 2, or 3 substituents sel ected from

Cl 4al kyl, halo, Cl.4alk ,
- CN; (ey =(@E@n@6mm?mlsmrleﬁl}4§a@s s%cﬁ%@ é?ilﬂ&% fufanyi

Cl 3al kyl, a [

subst it ut ed #?@%le Mo ﬂé&é %éh%t&hgﬁﬂg}l é’éf“elm LJe I}tg%enyl
Cl. 4al kyl, padelyl, @ﬁoﬂﬁiﬁh@h&yl p}@ﬁﬂxdm}ﬂmﬁenchm}d O)(B@Hﬁm;myl
and (f) S(O)2R11 wher ei n is selected from

Cl. 3al kyl , - tygzofdeyll;1- flwaﬂﬁﬂthlaz idingyhrad g4

nDrphoIinyI ranyl, pyridinyl,
napht hal eny I ﬁi?{i)ﬂﬁx?{ﬁ%wt hi onor phol i nyl

pyrr qk) dl(nmNR wmemm‘ws hydogar et Cgiatigll, an@® is phenyl
thi azolidinyl, 1,1-dioxo |soth|azoI|d|nyI
2, 4-di nemypm%bﬁa‘%}twd Wil 2pPich sHbsHpeRis selpsigd from Cygalkyl,

substltu or S t nts sel ected from
h%f%ht‘{ Aiko]&z [OBF; L%’g LhEt 4

Cl_4al kyl 3Rox - OCHF2, and

-CN, @ —a(cmmR?MgsRmvhaeiﬂ B actgemgeub beCsailityl end RAistaideogen,
or stereoisonmer thereof.. The invention aI SO Vi
a phar macObb ot S allehrR ek cté'ﬁ‘?i’rqoé‘i’thﬁ qrm 980 anggizjfﬁ

of the i j t

oo, TR} T8R! RRESHCRlA cA0ErR PRl Snionaty
parti cul aubgtdmpduingd 10D, (5103 sablsetuedty sélacted ﬁymt @{_4alkeyd halo,
free base form Crystalline

4- ( 4- { [ ( L1i88050 pGFs, I-POFe T 20 a3b Ny -

o8 OB PCIRLTR R e EL MR

have a neiptibadglytsabRitiet with 1,12, bh® sutatigentisclrbwed frod?6; £lkyl,
to about 30 155 C, ty |call¥ bet ween about 146 and
about 148ab, Caudllgivadaks JACFe e ratife adove about

240 h |
200 <, AR KL aheE BOACES. Rl RS hARY furanyl
huni di ty ihiephe@sn nahphmug/l ety 9Py idingl, nephihaleny]

tenperature. Additional crystalline faorns
4- (4- { [ ( 2veebbrbioyorphe ik :Pwm@ayl@p@ﬁmd@ywoazetldmyl

2006/ 127Qﬁgzdﬁ{l{l—?éj%9'%?(4)(%%9&§360hd1&y1 %4 dtllﬁle hsoxazol 1, and

car bonyl )amn pl peri pl peri | ne

- 1- car boxgtkhy optibshlBubMtitued tweith 1,3 er Zﬂblﬂﬁtmfemslsdkedted firom
further aspects of the invention. In a nmethod aspect,

t h e | nv erftisatkyb halpi @e@l@%t%d @FFs, ragHFpgnd §MNease

e 8r ag %&r{sal 3 1caﬁ\6gc%egf uce tsal Eﬁg%r rs%?e%%to?{?r Aekdogi LY,

gagthe ehvehaeh hie@provides b phbhfacelidad dorﬁpﬁﬁiﬁdrﬁddﬁ@nsmg a
adm nistering to the manmal, a therapeutically

com@ommf the nyeipn angra phagssstierllyorcosiable AYERE i on.

54 i e PO 2o PO S 80
crysﬁtﬂlﬂe%ée%abé‘fo@mﬁﬁl’f?ﬁhﬂm& B 4gE2eepropyIPI A-Bbii@imidazole-4-
carbonyl)amino]methyl}-piperidin-1-ylmethyl)piperidine-1-carboxylic acid methyl ester
has been found to have a melting temperature in the range of about 145 °C to about
155 °C, typically between about 146 and about 148 °C, a degradation temperature above
about 240 °C, and to exhibit weight changes of less than about 0.25 % when exposed to a
range of relative humidity between about 2 % and about 90 % at room temperature.

Additional crystalline forms of 4-(4-{[(2-isopropyl-1H-benzoimidazole-4-
3
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adm nistering to the manmal , a therapeutically

ef fective anount of a pharmaceutical 10 conposition
w@booshzrsifhivent i on. The conpounds of the i nvent POGRUSANG/020085

al so be used as research tools, i.e. to study

| |. t e . . . r i
eGP e P B AR Sty ot
arcalRtrevided inl futhérRisprts dpetiventiddhe i nvention provi des
a nmethod of using a conpound of fornyla (1), or a
phalmamethor eapact %a%l@@mtwlpéo‘géﬁa wethgd jof eatingra disease or
Ler eo t-her Q. re r 1
ot BB A 8L PRl LY G Lt motity of
thelaSiesiM@Etidal tradtetive mdtHal doageriny adagoidicsing to theenaminkiod
conprising contacting_a biological systemor sanple
thevappwlcaﬂl&@gfp@m@nwnt P2 camRavir of thedBVedioBr mi ni ng t he
ef fgc C . . ' [ o
oy BRI bASeE MO Rl Nipld: Solion
assbéiBtet] MGNS-HAN rédep@r REBNTydR 8 nsanhbie tHean@thed easgdsing? 0
and i nternedi ates described herein, which are_ useful

adrnigistesingga thegameip suhergpeticelhectivotiye amonnf of pharmaceutical
i hvent i rovides a conpound of the invention as
CO%%%S%}?%%h%{élﬁgﬁnﬁmf or use in nedical therapy, as well

as tThecstfpodilds of elipaumion 6dn 418ebé Nssdnikirearch tddls i.e. to study
manuf acture of a -fornul ati on or nedi canent for

biolqgicsl Bystpras o sseiss, o for gRAYIRg e agiuibe plgtber chsmige] ppmpounds.

AL G P o ol e

cmﬁﬁl@ﬂ IPESERIIP(TH, ON a GharhiiceliRAN ez piddld @ltsor asivertos sefeoisomer
e p

t resent invention are illustrated by reference to ,
theraed, aszoesserchripelfor stadyingapinesicatisyiiera oL samplasT Borispaesring
nevﬁSEIi%{ %‘{:%tgraé:gtolm%ps, {hFé>1§IEleC[PPIOCP %rﬁfﬁﬂngoéonﬁc}/iﬁé %lbkdlgﬁcal system or
sanhyS16 RAQRYdonhgdube BZ telThekatioh and deambiatigl thesifevdd cmbdiyby} the

-pi peridin-1 - ylmethyl)piperidine-I-carboxylic acid
corpaui] ondhe biolqgivnl gystgm onsapple.006/ 127815

PCT/ US2006/ 020085 . Fi : dj f f er ent il
CcaliPRg LG Rt PP o BRMEh fagbiol Bl Mg proceses
and/Bikdrinéaiated describad Herdir, RidNBire gsefivli fOEprebarii @mifugds of the

~ (TGA) trace (bottomtrace, left vertical axis) for
mveptyast. al | i ne

A- (4 {[(2-i. -] H b i - 4. carh '
T red R e R OB ide s RRRPRLIE R G RRR b Bttt for
useAigirhedigyll MerapSsiekel( BOthBE of Dedthiiiime of tidiaventidandy tR

nmoi sture sorption (DMS) isothermfor crystalline 4-(4- |
mapufactprg efpfonpylation or medicament for treating a disease or condition associated

it 3 RehOP A s 6 SR TR o B Bosfelfpa

traétF@rdMdhmali gure 4 shows a differential scanning
calorinmetry (DSC) trace (top trace, right

BRIEF DESCRIPTION OF THE DRAWINGS
Various aspects of the present invention are illustrated by reference to the
accompanying drawings.
Figure 1 shows a powder x-ray diffraction (PXRD) pattern of crystalline 4-(4-{[(2-
isopropyl-1H-benzoimidazole-4-carbonyl)amino]methyl} -piperidin-1-

ylmethyl)piperidine-1-carboxylic acid methyl ester (Form I).
4
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vertical axis) and a thermal gravinetric analysis
(TGA) trace (bottomtrace, left vertical 10 axis) for

W@ eopst1zishd ne PCT/US2006/020085
4 (4 {[(2-isopropyl - 1H benzoi m dazol e- 4- car bonyl ) an no

| o2 SRS a1 Bk ek B0 o BB o
veﬁl(iczﬂ%ms?i hﬁ({ 4 ﬂﬁhhﬂrgré‘ﬁfﬁ}g@c @m}'@ﬁr(me ey odtot ﬁ’e&e left vertical

4-(4-{[(2- isopropyl-1 H benzoim dazo| e-4-car bonyl )
axighfion efyatetling k- {[ yfg@pnogyhlﬂwenzmmldazole -4- carbonyl)amlno]methyl}

. | t
pinflFr Vel BBl o aBGRa Rl Py B P 850 g
cal pidurees Ehbvs(sQS@nahﬁ@ﬁﬁlsﬂrS Borptiag GDMSI) @@thermeﬁ)i drgethlline 4-(4-
axis) and a thermal gravinetric analysis (TGA) trace

{[(2tesprenyl-1 Haeazoimidaz 41car@any1)aamng}1nml}@mﬁ§ﬂa}-h ne

| H- 4- b I
T L o R R A A R S e et U
aCI @ fh}iﬁovﬁsd ﬁffe{dﬁﬁﬁl@chﬁrﬁﬁg cAOriRETAMED) RS CRpRTECENight
| NVENTI ON The i nventi on %r ovi des novel

Velttieaiqurﬁb aad o thermalr gyavimeltireamslysisd TE9 disee fbodiganiraceslefigertical

o D ol 4. OB RL R LBl PSSR AP o e et
pipeHBmL 1 - ety 3) pastiiditl Legbak dic Riemeng] éstor {Fevi 11)3

representative exanples of various aspects of

i nv8igureoh shorrrespowdss kagr dithection (WARIDpagiem qu@waw 4-64-{[2-

isopifpb (- R RA R RR e S p SRR AR R, Fipbffin 1 Sled O

lrheﬂ inel NcabsRARI dciCmagpeester@Foih B Nvent i on R1
Y N}‘ac);tf%alk optionally sﬁ]gstltuted with -OH

an oﬂ?re &5 @ws adlféegg@@ﬂ scammgs"yabgm@aw@ﬁc) soce ﬁomtrh@a right
Ve%lgelt h‘{) a%(ﬁ? &erma %{a\gﬁgﬁh smﬁ*b@(%%lscgg%cﬁ%n@&fégf%ﬂxjertlcal

axis PP E@@télhne l4n(ay ﬁ(Z QbEﬁ)F)yIS DHCUeﬁzcﬁnﬁ&e&@Iétéﬁcarﬁ’ényl)ﬁmmo]methyl} -
1- hydroxy- 1- net hyl et or 2-hydroxy-1- nethylethyl.
plp@nmlzmm&/thsé)p&mdp@ﬂ wﬂzg@sdxw sthy] eptey (Emﬁb
aspect, Xis -C(OOR2 wherein R2 is Cl-4al kyl or
-(CH2)n phenyl wherein nis 0 or 1. In another
speci fi c asppHTAK.ED DESCRARION OETHEENVENZION! Ky

or phenyl. In other specific aspects, X is -C(OOR2
wheT&F inveationsprewidey hovsl bptramidazolsroartmxgmmidedi-HTRpeceRfor agonists

| f
o PR o b B BEEGR  FB T
Thé folbowifg substitieis iahd %]I‘ilés seligeh®d tb fpﬂml&lr@ @k&ﬁdtﬂve%&hﬁples of
Cl. 4al koxy, -CF3 OCF3, -OCHF2a and Cl_sal k%mher

vaiiusFeyestso] thiy Imveahqn ( Thezp represenighize saliesare intdsd tq

define such aspects and are not intended to exclude other values or limit the scope of the

invention.

In a specific aspect of the invention, R! is Cs.salkyl, optionally substituted with
-OH.

In another specific aspect, R!is Cs.salkyl.

In other specific aspects, R' is Cs.4alkyl; or R' is isopropyl or tert-butyl.

In another specific aspect, R is isopropyl.

In yet other specific aspects, R! is 1-hydroxy-1-methylethyl, or 2-hydroxy-1-
methylethyl.
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and A is selected fromamno, furanyl, thiophenyl,
nmor phol i nyl, tetrahydrofuranyl, 10 pyridinyl,
woapatbmienyl , pyrrolyl, thionorpholinyl, pyrreCT/us2v96/020085

pi peridinyl, oxoazetidinyl, thiazolidinyl 1, 1-di oxo
|soth|azoI|d|nyI and 2, 4- dlnet |soxazolyl In
anbt mm%ﬁ'p‘@@péfqt X sssgé@bOR%ovhgreu(% fgnﬁcﬁs)nméwnyl
hen tionally substituted with 1 2, or 3

Whm% i%QQFﬁts sel ected from Cl-4al kyl, hal o,

Clufa] ofer ¥pecifidapect; %@g(())@@p'%er@ﬁlﬁz 1§ 3alkyl bﬂphenyl
anot her speC| fic aspect O R3 wherein R3

O Irbethényspecific @pestsy 8lin A (@G)OR thar@n& ety Hheeyl or
gt i.s -C(OR3 wherein R3 is -(CH2)m A wherein m
Whe'fegpg %f(h "is selected fromanino, furanyl,

t hippR B c asPBE,P0 R IGIDHR® wREreRIB Uik @él@ét@dﬂ Yt’om phenild bpiydnally
napht hal enyl, pyrrolyl . thionorpholinyl pyrrolldlnyl

substitupest with Ay2,,or 3csnbstmntsj$qh§qted fromazgplkeh hylp; Crualkaxyo

ke ORI . 8 .1 B oigr e (e

and RN§ Qéﬁbote@ﬁbﬂn%ﬁh& )fuﬁ&i? mlbpﬁe@sil ‘Mcir;liholm 1, té’lrahydrofuranyl
substituents selected from Cl 4alky al o, and - CF3;

pyridinylangghthabenyl, pyitobhdhipmorplelipgt, pyrpkdingppipptidiayl,

M AT Y NER T
ne‘lﬁ”.ﬁ‘lothé‘r@bé&iﬁe a§pbé&0ms @@QR3 Wrei®R’> Rphedf, btionally

furan-2-yl or thiophen-2-ylI". In a specific aspect, x
substiguted Oy Th NR2,RE 3vmb$téu¢nt$2&el¢0§,ed@!@|md@enﬂw} hdp, @amllgnxy, ’

ptionally substituted with 1, 2, or 3
‘chﬁb9F§F§ %§ gglected from Cl1. 4al kyl , hal o,
Cl i ghdiRer¥pecifis g’spectq?:@  CAMR R R i 'CRROEM6F Cyscycloalkyl.
specific aspect is -C( )NR4R5 wherein R4 is

hy dn exgpeher sgécifin aspncj; P(els @@& M}@rc-ag Beé;ﬁt ~(CK2)nsA wherein m is 0
O NRARS wh R4 | d
and b R OBl ey St ipHer B mosP R ST ot fn PR
ynéﬁ&? ﬁaﬁﬁhaﬁ&gmp%rogal tmapEbiEd, %yrrohﬁﬁ oI, figkn&ﬁ@l?l fic

cts ‘NR4ARS wheréin'R4 is rogen and R5
oxoamtlgjimgh yhla’minldlm'h dl, ] ~fioxahsnthiezatigenyhi 2tnlf1 214 ﬁm@hyhspxwobﬁ

ERIBaPEIBEAB e K i TR TRy 1 Bhepyh optionally

subs'tﬁtga @ﬁtﬁﬁ%&%&b%ﬁé&é Se1ed ﬁomr@n@n helo, &3d S, KftrarsA;-or
I's hydrogen, -OH, or Cl_3alkyl; or R6 and R7 taken

thloph@s'i her form 0oxo or -(CH2)2-; and R8 is phenyl or

h
b SRRy SEREs FPET 1‘%{85%3:%5“6 % e eptionity
subs?i%t@&w?tﬂ 1f Jrol'@ugg’aiﬂéﬂtg yélect&ﬁfr@m hdinflabiery fluofeFand -CFs; or R’

I'n anot her speci fic aspect,
1sﬁﬁ@n2-ylﬁ](®)dﬁ¢1%RMR8 V\herel n R6 is hydrogen. In another

%{sﬁ%ﬁ@f gstg ¢l ggx C?(O)ﬁ&l%%%greﬂ E‘Bm\lﬁ}‘arr ogen 01Ré1 3a‘QIkyl and R’
is phenyl optionally substituted with 1, 2, or 3 substituents selected from Cj.4alkyl, halo,
Ci.qalkoxy, -CFs, -OCF3, and -OCHF,.

In another specific aspect, X is -C(O)NR'R® wherein R? is hydrogen.

In another specific aspect, X is -C(O)NR*R® wherein R* is hydrogen and R%is
phenyl optionally substituted with 1 or 2 substituents selected from C.4alkyl and halo.

In other specific aspects, X is -C(O)NR'R® wherein R* is hydrogen and R’is

phenyl optionally substituted with 1 halo, or with one fluoro or chloro.
6
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substituted wth 1, 2, or 3 substituents selected from

Cl_4al kyl, hal o, Cl_4al koxy, -CF3, -0OCF3, -0OCHF2, and
WO BN6/11B13 n anot her specific aspect, x is -C( QCX/BSR)EHR0085

wherein R8 is cycl ohexyl optionally substituted with

4 daineBrg o Sempat, XERAO) R ARSI kb op o«
R’ %ﬁg oEbiE éﬁpsﬂzﬂau&l* &R%@)f@(tﬁ@a%b?&h@iﬂsﬁﬁbﬁo a&(lcmz)z- and

rogen and hydrogen, -OH, or methyl; or

R¥ia IpﬂeIBlT ot a_kéohekyﬂg wfnh@m Prengyd @)ayc]@hexy(l @pngmonalg)hﬂlb pgguteg with

1 20565 BB S5 oCan o A Tl LR g% 5L DE E

andSghected from Cl -4al kyl and halo; or R8 is phenyl or

cycl ohexyl, wherein phenyl or 6cy7cl ohexyl f%
opt Inanathey speifistaspart, @6 LW@(@)@( ROR s\Mb@@lin dphydrogen.

:Sle]gllcatps egéi)?‘?r@n{f’tcra%@ Wﬁs\%ﬁ %gg Qoxélgrl%llg p%gslyl optionally
suthYter‘agﬁﬂ} P2, &3 %éﬁﬁlents s%ﬁc@ﬁ@ro‘fﬂ- €, 8k ley, | C; salkoxy, -CFs,

optionally Substituted with 1, 2, or 3 substltuents
-OGR|, €@CHH,,fandCNC1_4al kyl , hal o, C1_4al koxy, -

O3, and o2 | ar: -
- o(lypispflieos X8 T DERTE Gy ef%l?i%ﬁé%gyf?ﬁe?%
op :%glgﬁgs frﬁ'(t)ééievglﬂg?f)?‘zbtr% ﬁg‘%@ti}}t&né%e@ﬁlggﬁﬁ p@r?é%y hRdle) N

Ci mlitdxgvnalmy-%hstﬁ)@HFe,candn—ﬂml or 2 substituents

e S B Iy By i
{BR® anfl! &IL,)-; and R
e

pheﬁ@l ﬁiodyehbhéxﬂnwhHemqjhlcyyl or cymmexprhgn)optlomallrygsn‘wtltuted with 1 or 2

SRR TABROTLAY 4 AL O AR
phe?)&f 504ye Ifyc}j;@):(%tl ’are%fﬁﬁ)hgﬁﬂf EWstitufEORAR Y lodlb Rifbstituents selected from

I'oxo 1 sothiazolidinyl,
mefhyh ﬂilom:tahglfbh]sm(azol yl, and phenyl optionally

A R N e N e T
an@ﬁg)tlﬁ gfrﬂengl dpttflaiy %Sﬁ%@%@ltﬁgé L&%%@étﬂﬁ&ﬁ@@ledtéﬂ from

ecl f1c” aspect, s - R11 wherein Rl11 is
CyGlkyAahdiy, C1 Alkéx G h(yCFﬁ an@z@CXrl]F,z o r phenyl,

optional |y substitute ; substbt
sel GewmaiherFpesHiesPach %yf LRSS Ry SR b5t Seen or

meﬂ'&z': -OCHF2, and -CN. In other specific aspects X
S(O) 2R11 wherein R11 is nethyl ar phenyl
opt iwothkt spesitio atpects; Xdis wC{@)Q(HRY ) QR S uttesréin Ré rig hydr ogen or

| o f d
el 864 Koo PO PRerAy SHTTHEL WO | 2 Rab B e el fom
le%hr{ﬂgiﬁg %?Tb’e Smheetrngffo HOREMY SPRHRERAMVRISS of 2 GORERaLAE Rfected from

methyl, fluoro, and chloro.

In a specific aspect, X is —S(0),R" wherein R is selected from Ci.3alkyl,

o

-CH,-phenyl, furanyl, thiophenyl, morpholinyl, tetrahydrofuranyl, pyridinyl, naphthalenyl,
pyrrolyl, thiomorpholinyl, pyrrolidinyl, piperidinyl, oxoazetidinyl, thiazolidinyl, 1,1-dioxo
isothiazolidinyl, 2,4-dimethylisoxazolyl, and phenyl optionally substituted with 1, 2, or 3
substituents selected from Ci.salkyl, halo, C;.4alkoxy, -CF3, -OCF3, -OCHF?, and —CN.
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R is C3_4alkyl; and X is selected from 10 (a)
-C(O OR2 wherein R2 is Cl_3alkyl or phenyl; (b)

WO @@ RB1mwherein R3 is phenyl, optionally SUbSPAT/USIH6/020085
with 1 or 2 substituents sel ect ed from Cl_4al kyl,

hal o, and -CF3; furanyl; or_t ohen ;
RS DRHEE @FoRA fss-S ﬁ%REb s ﬁ(3*33 allrb vt

s B, L s 8% ol

fromm@mkyl Bﬁo 1(31 @mdm,gem?s,amdzﬂa?-oezﬂm dndg€EN, - OH, or
met hyl ; and R7 taken together form oxo or

- ( ém@;f@r swa%fu: 33peis Xo’ﬁer%@) Wb@remo‘?a exymethyherrhenyl

e o

or 2(stpstithind $a{ddrRA) fedih Gnetindy Ridro Rihdickldry.dr ogen or met hyl
and R10 is phenyl 20 optionally substltuted with 1 or
> Jni9¢ ranseihihs ISEmEen R AT qoringyng 9f fosmla{B) whereigng
(FlpEe 1 erein R11 is nethyl or phenyl,
optl ongl%ﬁﬁgluwltut ed wth 1 or 2 substituents
selxm@tbcfeﬁﬁnne;l 4al kyl and hal o. The invention
further 8row des a conpound of fornula (1) wherein:

25 R (@) sC{QEB O’HWGIEIR tig 612yl WP hetiyd X i s sel ected
f QL9 b
o0y BGHQIRSEn K T Rl T opli S s hpid BARYGr2 1)

W tsibstit@entseletddsdrh (R NAIRYIS ﬁhlepzhﬁlddﬂg oﬂmmgt by thiophenyl;
chloro, fluor and - CF3, furan-2-

t m opfRnCH Wq‘kawdle{f‘@} R’ e(la)dmrxm@n&ﬁe iptienplpntignally

5 d with
Y ufiche8 W Ton 25 R SR QTBoty RIS BIGD 06
| n st (d)l—cmoméab)@é Iﬁhe@elﬂkﬁQstlﬁﬁi;rogdhelndINemhydwgen -OH, or
provi des th ounds listed in the mpl esgand in
Ta phethylf %Rf nf@kﬁn tpgethenornoxp Oﬁafﬁ?lﬁzjz 3 amfi@ntsmélﬁnyl or

use cIoHEG) ihlgh 1§§1 0 E}“? Iie%/l 4B %pﬁ&@l?/léﬂgstﬂ&ted with 1 or 2
o1 Vg o

substltuents selected from Ci.4alkyl and halo;

(e) -C(O)C(HR’YOR" wherein R’ is hydrogen or methyl and R'® is phenyl
optionally substituted with 1 or 2 substituents selected from C;.salkyl and halo;
and

() ~S(0),R'! wherein R is methyl or phenyl, optionally substituted with 1 or
2 substituents selected from C;.4alkyl and halo.

The invention further provides a compound of formula (I) wherein:
R! is isopropyl or terz-butyl; and
X is selected from:

(a) -C(O)OR? wherein R? is methyl or phenyl;

(b) -C(O)R® wherein R? is phenyl, optionally substituted with 1 or 2
substituents selected from methyl, chloro, fluoro, and -CF3; furan-2-yl; or
thiophen-2-yl; and

(c) -C(O)NR*R® wherein R* is hydrogen and R? is pheny! optionally

substituted with 1 fluoro or chloro.
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HN 5 which is designated
4-(4-{[ (2-isopropyl -l H benzoi m dazol e-4- car bonyl )am no
wO e@bhyisys pi peridin-1-yl methyl) pi peridi ne-| - cB€DUK3006/¢20085
acid nethyl ester, according to the AutoNom software,
provided by MDL Information Systens, GrbH (Frankfurt,
Gerlnatill othergeeci figsasgeqts. Hae Biventianprevidpethe sprpends listedjis the
t t.] "benzi mi dazol e". The two ternmns
Em%%%&%%@fbgﬁé%fngsggégwherein. As exemplified by
parthedtenficat aamigAdavdntivh@ded Rertings 1RBIrasd bglieyconptind of
conpounds of the invention nmay contain a chiral
Exagele &r . Accordingly, the invention includes racenic
m xtures, pure stergoisoners, and
st er eoi soner-enrichéd n xtures of sqgm\isoners, unl ess
ot herwi se indi g ) r ereoi soner is
shown, it wll

d. ey apar ti cii

und@dr st odnby 15 t hose skilled in
the art, that m o;Nam)unts of ~ ot her stereoi soners nay
be present in tHE‘;ﬁrcrpositi ons of the invention

unl ess otherw se i ngicated, provided that any utility
of the conposition as a whole is not elimnated by

1 -(af j 49 -
e S e L e

pipgridie-l idopthy]yipetidinbd radiaxytia acil encthyl aston agéordiagitmtiferret
AP B e A M RO &5 S0 S L ARSI ©
GerhiloRy). SRR rid g tRCAFOT TR A RESL A GALIRAMVE Ty AELRE] - et
hyI¥ pi peridin-~ 1 - ylnmethyl)piperidine-I|-carboxylic
"beraingdagblely Thetveterms are equivalent as used herein.
2-isopropyl -|.H benzoj m dazol e- 4- car.bgxyl.ic acid
1-A7 B3 hen BuBan o sormPpuRs dptedan ety o the compounds
of thd ReEhtHn 4y 3dniRh B¥hira1dhAL: Ardingly, the invention (i}lcludes racemic
2-1sopropyl™| H benzoi m dazol e- 4- carboxyl i c aci

mixfulre§, pufestetecisdihersramd stereoisomer-enriched mixtures of such isomers, unless

othefigatibed s el et eplre miena. v G phfestood by

thoddGkfliell i te drt, (ol i@l 2nfcin Her stereoisomers may be present in the
I rnetf%ls} am dg; 9

plperléln-4-y met hyl | pi peridin-4-y
comipOsiBo 066 11RF BivenRETUISR UG ORBABcated, provided that any utility of the
conipuOR LR ok BEnA Rl 03791 & 4 S LKL, S8 hers

CaI1R QR badb Bl il dhnin A dos&gﬁa%h{j dé1Beta wbaet hy! }

am de; -1 sopropyl -1 H benzoi m dazol e- 4- car boxylic

aci a4 {{(2-isopplyl-UHrtenseimidazole-4-carbonyl)-amino Jmethyl} piperidin-1-

b hh R e DR oYL Rl Rt 3 41 et hy Tt per i -4
2- izﬁ(fa?E[gl_lfYéloB%oﬁgf_!?Hl&h%iﬁﬁ&&bﬁzﬁe&%mqwhi&]-%%tﬂyl}piperidin-1-

{1-]
ylmpthsghpipeadibetmathopiy e adid iphemdd gétaret hyl | pi peri di n- 4-yl net

o 2Bl S Dokl SRPRGE PP Crlgebsnapy)
pipéridin—4-yhnethyl] piperidin-4-ylmethyl} amide;
2-isopropyl-1H-benzoimidazole-4-carboxylic acid {1-[1-(2,4-difluoro-
benzoyl)piperidin-4-ylmethylJpiperidin-4-ylmethyl} amide;
2-isopropyl-1H-benzoimidazole-4-carboxylic acid {1-[1-(furan-2-carbonyl)-
piperidin-4-ylmethyl]piperidin-4-ylmethyl} amide;
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yl met hyl ) pi peri di ne-1-carboxylic acid nmethyl ester;
2-tert-butyl -l H benzoi m dazol e- 4-carboxylic acid

wd@ 2006427825 f | uor o- benzoyl ) 10 PCT/US2006/020085
pi peridin-4-yl met hyl ] pi peridi n-4-yl nethyl } am de;
2-tert-butyl -1 H benzoi m dazol e- 4-car boxYI ic acid { 1-[
1- @asmomﬂ%bmym}lazoleA carboxyhc acid {1-[1-(thiophene- 2-

cartBiEie il R DR ER o0 e {1

1- Fz-laopréﬂylf1btpsmbﬁﬂm@zdlé-4-carboxyhc acid {1-[1-(2-fluoro-5-
pi peridin-4-yl methyl ]piperidin-4-ylnmethyl}ani de. 15
tnﬂwemnﬂhvlb@n@ylpmrdlméssdmﬁtbwﬂglpﬁﬁ@ndbﬁlﬁ%ﬂ%d ide;

t d net.h
f 0 Flg??é ﬂé}y n@{ S %ﬂ% 4f°8m° &Illlé Qc\{ﬁgﬁ rg?Ez ﬂtut;ﬁonl ess
phelgll&%am tpip&ﬁuﬁm%netﬁﬂgupa{m-@mﬁ)ethyl}nraama a
nonoval ént "sat ur af ed rocarbon group which be
20 4+-{@ride- tedrbxwlalfa@emzq»mldam&m%@wb@w@ M@pb@mthy{)ml igfin-1-

[ t [
ylm%%ﬂ'?%???cﬁ?ed ﬁicir P 255'11%&00(2%%13{}/ g itrg P SRe pr gg Ie ?1? at iyv e
al Igyﬂerzgf@ﬁnsf b&fdoﬂﬂﬂazckw-ztvwbongm gxa r{ml[e,(zmbfwber(zbﬁ)w
(n-Pr), isopropyl (iPr), but yl

plpmdlm@rylmggﬂlmmr;dm- -yhsl@tbert}ytmldq,ert but yl (t Bu) ,

and Pyt e B i TR et R BE bt (L D A e R
pipedidRURyirRetB)fpiberidMatBmattWlandide; @ﬁ&fll ned as above.

RepresSent ative al koxy groups i ncl ude

f
ex azrtprtéautﬁehfﬁdwpzomm&m;e -4-c b@@dwwmdo{ﬂréxgﬂa Hm%abqrﬁ@yl)-
| ent
pivcsG R R I Ch “rmy e monocycl i ¢

or multicyclic. Unless otherw se defined, such
cycl oal kyl groups 30 typically contain from3 to 10
Defmsidnen at ons. Repr esent ative cycl oal kyl groups

oy S desobing B Bt CSHE’QW S%P%%%%}s A8 Binod R pi b etion, the

folléWigg |térﬁf§ havé'helfSNdWin aﬂﬁesﬁ bthRefwise Gldicated, br ono
or rodo. 10 WO 2006 12781 "PCT/ US2006/ 020085 The

t erlihe taxo“allpdamsass aloohdeldns ﬁ@t@@t@)@@e@v @ gupOyhiclrmay be
ans .a C

ined P LT PR T S eBroL N BLHAY A SNyreg M g sroups

typia§ toRtiPHofEl BPQ dafbn aléifs.! REgFeschiv@vaRRY! 50apd Mclude, by way
ef fecti ve amount” neans an anount sufficient to effect

of egarmpleanetbyik (Weethﬂdmpmr&'d ér-B0), tSoPI@PE]e(Iﬂ?résm“bliltﬁl (e, grc-butyl,
SB35 By 89 PR PRI e
like.

The term "alkoxy" means a monovalent group —O-alkyl, where alkyl is defined as
above. Representative alkoxy groups include, by way of example, methoxy, ethoxy,
propoxy, butoxy, and the like.

The term “cycloalkyl” means a monovalent saturated carbocyclic group which
may be monocyclic or multicyclic. Unless otherwise defined, such cycloalkyl groups
typically contain from 3 to 10 carbon atoms. Representative cycloalkyl groups include, by
way of example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
and the like.

The term “halo” means fluoro, chloro, bromo or iodo.
10



5

10

15

20

25

30

medi cal condition in a patient, such as a manmal
(particularly a human) which includes: (a) preventing
wo b@odesense, di sorder, or medical condition fPOMUS2006/020085
occurring, i.e., prophylactic treatnent of a patient;
%ﬁ anelioratin% t he di sease, disorder, or nedica
con ¢t

egi, oxo " gneang pidenblerhorge ?XY&%@%&Q)egr essi on of
t he S h
o7 RSB0 AR b MBS RSN BRD e o
prodectiddalang oﬂndr wayspch aseby metabolisng or arr est [ ng t he

devﬂlo?msrgt of the ssease di sgrder, or nedi
condift g " fherapestically effeetite ampunt gpeas| @Wﬁ%}'fﬁﬁl@m to effect
tree&%@}gt[@ﬁ% é?lfrmh@féréél' s %jﬁﬁent% ig{dj&r treafthedtEdI €2
condition in a
phfﬁhmu‘treﬂﬁiehly’ aame@maaheneaak the treaanént af s diskase, disorder, or
d froman acid or base which is acceptable for

epar
meligal caeiion i b RakE Supiaes ampmnl fpprdenlang hwan) el includes:
sal
phai ?rac euti %gﬂn??t}é;@gée%? Cﬁb{&&’éph%rrm%%mal cglrldlg(r)% gﬁ}ncocgg?jél ie,

and frommmbhﬂmﬂm&uﬁnﬁahbya@mmﬁpiabIe bases. Typically,
phargaceutlcally ﬁcce ptable salts of, conpounds of the
preant MRAERtE{he discaseediaerder. pF Bistligel @aditigg) ke, eliminating or
derived {

el ude, “BaTe AEERASHAC Biopte AR el Sntion n
benzenespitfeatyi ¢, benzoic, canphorsulfonic, citric,

eth@gesulfonlc 25 funarlc &g uconi ¢, glutamc,
hy dtCbr ofiPerestipe thsctiseass, disordssiqr anedigal epnditiopaf.p¢ slowing or

mandel i Cy, HR%E@%@&L 18@111 of tl{gjcﬁkeca’se rHls{ Eéie? or m dlcatl cond1t1on in
pantothenlc osphor succl ni c,
p-tol uenzepatiehtmrc Xi naf0| c (1 hydr oXy- 2- napht hoi c
aC|(dd§ ht hal ene- 1,5-disulfonic acid and the |iKke.

er n@l eypipathesympions of the fisrese. disordgy pepstisalwndisign in a
by one of.; e 30 nolecules of a solute, i.e. a
conpound of the invention or a

phaTietean t*pleainbyeuticalbpicbptable salt't meharaatt préjacedofiem ah acid
nor e ngl ecul es. of a solvent. Such sol vates are
or basewhicfis accgptplle £p1 adpuinisBrRtioustoraRAtigh!. suckAs emagmmal. | Such salts

canl e’&%ﬂvé@ﬁ%ip\ggﬁfggfﬁﬁc laﬂée t 29 négéa}él%notr organic aculls and from

epr esent ven Way Of Sexapl 6

phanaieenticaligtdeadiddble Bidas n’Djlpwa]ll]y YEr20&11ikaTBasreptable salts of
PCT/ US2006/ 020085 i .sopropanol, acetic acid, and the
compopads efthe picprnt ipeption alegreparest frompeidsol vate formed is

a MQ rd@fl a(%rflyhac ac p tﬁ%ﬁg %Séel%%a%?e :gch&tl Elﬂ? étbu¥ gxle no{ lithited

pharnaceu T

to, &ietic,adiqienzenbmifoaic, bd:r&oid’lb:ﬁﬁpiﬁﬂsdlﬂ)nim ¢itti€l @tinbsulfonic,
permyt ations of, salts, solvates 5 and stereoisoners,

fumgrie Bluconie, ghitarsic chygrobiomia hidoelipriedpatie, melsigpmegicemandelic,
metﬁgﬁegul%m& mucic, nitric, pantothenic, phosphoric, succinic, sulfuric, tartaric,

p-toluenesulfonic, xinafoic (1-hydroxy-2-naphthoic acid), naphthalene-1,5-disulfonic acid
and the like.

The term “solvate” means a complex or aggregate formed by one or more
molecules of a solute, i.e. a compound of the invention or a pharmaceutically-acceptable
salt thereof, and one or more molecules of a solvent. Such solvates are typically
crystalline solids having a substantially fixed molar ratio of solute and solvent.

Representative solvents include by way of example, water, methanol, ethanol,
11
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stereoi somer of a conpound of forrmula (1). The term

"am no-protecting group" neans a protecting group
w@iobaises f or preventing undesired reacti ons BCT/ER2006/020085

am no nitrogen. Representative am no- protecting

groups include, but are not limted to, forny yl

150125?12)@@& acetigracid, gﬁ%t}@ likek Mﬁl@gfq th@ p@yp@ is W@teg,ljhehsqigate formed isa
hyd?zﬁéstyl al koxycar bonyl groups, such as

tert-butoxycarbonyl (Boc); aryl nmet hoxycar bonyl

gr aupsll be usrecisied &z fHeaxyc %rwmkmé@aﬁ&al@%ceptable salt or
9-f1 uor enyl met hoxycar bonyl EFrmc aryl met hyl graups,

sol\@g‘cq;f Séﬁfe%m?l therepi’ is ingqnded qqrpl)ude al) pgrmutations of salts, solvates

e T
steré&i&@hﬁ)ofaaﬁdrpbhﬂd bf foemulb¥NCener al Synt heti c Procedures

ounds of the invention can be prepared from
r ear%iel fgroavamingretesting arpwy’ mﬁﬁtsaprategt%grﬁgp fytable for
pre&e?rltlkrg {f'é%lrgc? &%Eﬁpr%s%%lb?%ﬁma}ﬂgo eg)%s% tréél Mﬂ]ﬂ%ot%ctmg

aspec res ven 1 on

grotllps| inglbdgbatlare hot hwited g mi‘ﬁlybéﬂcsild‘groﬁ}bw% ex Kiin leertkaneylt d¥éups,
art 20 wi Il recognize that_ all aspects of t gresent
o§

such p, gebilorkerisanbenyl ey cich 86 frgl- rtexwermls(B scri bed

L e T LN

9- ﬂh@renwltﬂeﬂmkgcarb@yagpﬁ@g j @Bkthylrouas esfuehtay Bﬁ&@d (BY), trityl (Tr)
preferred rocess_ _conditions (i1.e., rea

andtlehrfierdamesteexyphenybencting) |lyt grovps saeh aSetaleteﬂwﬂelyl (TMS) and fert-
b“@@%ﬁ&%}% cﬁe]?w)g thghﬁe) are given, other process

US&d unl ess ot herwi se stat ed.
25 Optimum reaction condrtr ons may vary with the
partlcul ar_reactants or solvent used, but such
P deternmi ned by one skilled in the art
by [
. l(F&g}gét&ﬁs 8PEh IHI‘;E?I{I xﬁgan tperslﬁr%ﬁ?qg& ?r% % 3}2{V%ﬁg1lle Xtartﬁl%

ar ent tO

mate@:ﬂy asihg ﬂm&bll@wmtg%@herﬁﬁne@b@yﬁﬁl IifB&edb&sn @ﬂﬁ}‘éﬁg’i ¥ pirficular
prevent certain functional groups from undergoin

aspesh gbdie pEesentnvendiands idlustratahim thpsehemes belgvs thosa ralrlged in the art
w1ll%?(fg%fzte thdl a agﬁe%tsf St pﬁ%géntt 1 %tr?&n £ NG §r8 na?ed rgsrn?éj fhe ni&thods

as Sul e con I'ons Tor protecti

desdttRd ObRdt bi106Y; ustigothed rhetliﬂ@ég\/f’ealg&rtk Bed sthiting fﬁﬁHtenﬁ%lﬁlmt'rﬁto

nuner ous protecting groups, and their introduction and

thoqe@kﬁlpgpn tr@raét dggr@}hab@d)e apprevigteigbg / vilperg typical or preferred process
con@%@yg%ogge(cggg Pe%? eraltt?ragf trrxgscrﬁgieex{iﬁoggﬁreaqtﬁﬁlt &olgg s1 pCressures

ti’n esi s

etc. itk %WenJ\thWer\fﬁf)&ss %o ReEn bR B eB&EmI6dslofitkriviie sRtda.
In one nethod_of synthesis, conmpounds of fornula i 1)
Optigpem seasHen g@pcb‘gor}séw \raﬁgwath the partrcular reactants or solvent used, but

sucleén%'ltF% ?Fu{r Pg desgrln%%d ﬁlﬂz ([)]l¥g] ﬁqeltlehcy n theg] a1$ lr){/nraou’u%t %pﬁmlzatron

procedures.

Additionally, as will be apparent to those skilled in the art, conventional protecting
groups may be necessary to prevent certain functional groups from undergoing undesired
reactions. The choice of a suitable protecting group for a particular functional group, as
well as suitable conditions for protection and deprotection, are well known in the art. For

example, numerous protecting groups, and their introduction and removal, are described

12
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N\v~~NH 14, 5 RmMmth a reagent of formula (Il1l): L-X
(I'11) 10 where Lisa |eaving group, for exanple a

whadoe/12uth as chloro, or an acyl oxy, sulfoni CPEEUS2006/020085
or oxysuccini m' de, and Rl and X are defi ned as in

! | 7l d g
o St Sk BT MR g
Wﬂ%goNéw 3rovk, 8990 VRli§Biefenets dlféHQlliéT@i@ ate (111) in a polar

Yotic di'luent, such as dichloromethane, in the
p r eBemeaenashodof Syeﬁnsms,mmpeqmlw femlule (1) are  rrApared bgeacting a
h as .15 N, N-di| s Iet it abl e inert
Plpa'il dpetiyi-pirepinyime (g ém dleas | bed bel ow,

al so include N, N-di netdnyl for mam de trichl oromet hane,

1,1, 2,2-tetrachl or an rahy of uran, and the
like. Suitable a ba or the[pr sses of the
present inventi o- NSO | ncI yl am ne,

pyridi ne, and the \i“ The reaction is typically

conducted at a terﬁq\e ture in the range of about 0 C

to about 30 C for abol® a quarter 20 hour to about 2

hours, or until the reaction is subgtantially

conpl ete. Exenplary reagents L-Xin'which L is chloro
withrakagdet oftbhyblla {il)or of or mat e, phenyl chl or of or nat e,

chl or obenzoyl chl ori de, and nmet hanesul fonyl chl ori de.

In an alternative method of! s>§/nt hesi s, conpounds of

formula (1) in which Xis ected from - C( O R3,

-C(O C(R6R7)R8, and -C(O C( ) OR10 can be prepared by
wheted. 1s2:5eaanmgjgoup),lfpt exaglpleahalroowcbfas ahlorm oe prraciilextye swfonic

estarg oy e 0 RLFL Y félféc' 3 R Py

f or gyl agﬁggl Egﬂ&ﬂfy%%ﬁ&?ﬁée ;B(@rﬁgrméaiateq{ﬂ%lfmween

such t corresponds to as set forth
aba d\aad ﬁbasmuLSaec(uhM)lentd of inteemedinig«IIE)dn lpotey ap@@r@ tdrlufrntoﬁfuch as

t di I ut 1
dlcgkplagmgi @nfﬁ lgla £ p§q§gacgé)? @%%q’e’t Q)(ug ggulaalerilt\ar}dan mnq{ parsg,t such as
N, ‘dﬂ&%ﬁ%}%@eﬂﬂdﬁfﬁl&e tS’M?r%‘le 1néi‘f‘&ihé9%%r thidpreess ¥Ad BokSd&tribed

iI"ng agent such
belOwl ils@mhﬁhZ‘QNFdlmethylfeyhamNpNnchloromethane 1,1,2,2-tetrachloroethane,

e e g e B PR

mv%ﬁtldrhﬁ&ﬁélqwatg Eﬁéﬁﬂaﬁﬁ&v dTH@ aﬁ& bk 18 Xtneractidn i §pically

contacte erned in the presence
colzicted @na adnaperat@redn the range of about 0 °C to about 30 °C for about a quarter

hour to about 2 hours, or until the reaction is substantially complete. Exemplary reagents

L—X in which L is chloro include methyl chloroformate, phenyl chloroformate,
chlorobenzoyl chloride, and methanesulfonyl chloride.

In an alternative method of synthesis, compounds of formula (I) in which X is
selected from -C(O)R?, -C(O)CR*RNRE, and -C(O)C(HR*)OR'? can be prepared by the
amide coupling reaction of an intermediate of formula (II) with a carboxylic acid of

formula (IV):
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10 about 4 equival ents of an am ne base, for exanple,

N, N- di i sopropyl ethylam ne. The reaction is typically
w@omdazisesl at a tenperature in the range of abpCit/uS20@5/020085

to about 30 C for about a quarter hour to about 2

hours, or until the reaction is substantially

conplete. Suitable alter na&\;ﬂi coupl i ng agents

i nclude N-ethyl-N (3 di merbyl™am nopropyl ) carbodi i m de

hydrochl ori de (EDC), 1,1'- &}r/bonyl di i m dazole (CDI)

15 1, 3 di cycl ohexyl car bodi i e (DCC) and

ol '
i (EAEI R cmrel g nge BRosaRg i Ope
cortfespandirin Keak st foth ghooerfirinngs @Yk ninsthe hmideaxapligreaction of
7-azabenzotri azol e

1nteﬁ¢§;gx¥16t)@>(g¥ bstysenabetd a(rlﬁ@p)lt 1. %,Egloi{rgl’ents of the carboxylic acid (IV)
are ;irsZ% 8113480 1N PeRhetn 2 AU ABLAES @%ﬁ&%%t%f g c{u;%ling %g%dg ?{é%h as

ternative process, con‘pounds

O-(X—aksbenﬁ&nzb]é DyNARY, N6N' te&amb&@aﬁ@ﬁuimhe&eﬂ@drbﬁgmphate (HATU)
ernedj ate of fornula ( Wth an isocyanate of

in agplaregHOve SevemigRas %lmethytf%ma@&& qrébpﬁeélacyﬁre‘é abgyp. The acid
mv&g‘g gétjt‘ﬁ%ﬁ g%xggcggfp@gﬂ %tér%geg'laﬁé ﬁi)nfﬁ %1%:4: bt Weth B PRINES Bnd

out equi‘val errred at e

abo(Mg edquivaeniobfuin apmebhw:, tirl euempleg N Nhﬁsm@g&mﬁamtne dthe
bet ween, a out 2 aad about 4 equival ents_ of an

reaqiigads typica Yé‘é‘%ﬂuF@ af g tengneratune) 1y theighgs o eued “Gto about 30 °C
for %@dﬁ@ﬁ%ﬁ&x‘t‘ér%ohf‘t olaBut 2 ﬁcgﬁs it gﬁggllﬁh trQa;z*ﬁ 1?1% sﬂgﬁﬂﬁuﬁlgrnﬁnrplete.

out a quarter our ours

t heSuirhlketadltematise souplihgagdérmd iny:hﬁemspéthyleN' (Bhe pr oduct of
formula is isglated and purified convent i ona

dimg o rBrineRseby 3 oR G A BRI s EB I b gy Blimidazole (CDD

1 SRS R L R

E}ﬂ%hihi K&&&luBﬁﬁhb@h@@QP?B@@S T he'Ebﬁphng agents may be combined with
eri di nyl met hyl - eridinyl nethyl internedi ates of
Proma REpgents; for eé?—l@plﬁr ¥ireyy+ Werr@amarzy c4HOADp| e

R R AR PBITHOR ot e AR 2o "

NHAn y&Y arfsther alternative process, compounds of formula (I) in which X is

-C(O)NHR’ can be prepared by reacting an intermediate of formula (IT) with an
isocyanate of the form:
0=C=N-R®
V)

The reaction is typically conducted by contacting intermediate (I) with between about 1
and about 1.5 equivalents of intermediate (V) in a polar aprotic diluent in the presence of
at between about 2 and about 4 equivalents of an amine base. The reaction is typically
conducted at a temperature in the range of about 0 °C to about 30 °C for about a quarter
hour to about 24 hours, or until the reaction is substantially complete.

The product of formula (I) is isolated and purified by conventional procedures.
For example, the product can be concentrated to dryness under reduced pressure and the

residue purified by HPLC chromatography.

14



(M) (M) OHJ-( NNP2OP2 NHN __ NHM~N N NHA
NHRL RL (MIl) (LX) ONHNM_'"OCH NNH- KR (Il) 5
wob@sa2B15 and P2 i ndependently represent an anP€DUS2006/020085

protecting group, such as tert- butoxycarbonyl (Boc).

First, .a carhoxylic.aci,d pof fqr . j
u epirstadta kRt R i s ditdof SrbRThE
prepdr&d £68€adiRt KANRAE 8bRIngmdt@idRibythe \PrddedurbhiilBstfagaichiSoheme
is typically conducted by contacting (VI) with
A. bet ween about 1 and about 2 equival ents of protected
10 am norret hyl pi peri diggg.ji)a@ pol ar aprotic diluent,
in the presence of an am de coupling agent described
above, for exanple

N-et hyl - N- (- di met hyl,a@ppnpyl ) carjpodi i mi de
hydr oc I doH( EDGji,Nconmbi-hed wi dHoxXybenzotri azol e

( HOBt ) 1'- c da (CDl Nrgai ned
with 1, 4ldithzabicyclo [2,2,2] ocy %(DABCO) . The
reaction ré typically conducted at tenperature in
the range Qf about O C to about 60 C'15 (vay between

about 1 an )about 24 hours or until the reaction is

substantially conplete.. The protecting group Pl is
renmoved freminter mdmmg by convendi onal neans
(

to providelii nterpedi a ). For e e Bo N,P2
i s usef N'ﬁé\@ ecting 15 WO 2006/[12781% \/C
—PCTUS2066(,020085-Nr oup, 1T may be r d by~N

/M th an acid, such as trifllwar—ééacetic acid
or hydrociloric acid. An internediate ofRformula (IX)
is then forgad) by the reductive am nation of
internediate (VII1) with a protected

pi peri di ne- cag boxal dehyde. This reaction is typically

5 conducte cqQntactin VIIl) with between about 1
and about edili v eNts of Nhe
N
NH-{
Ry
n)

where P! and P? independently represent an amino protecting group, such as terz-
butoxycarbonyl (Boc).

First, a carboxylic acid of formula (VI) is reacted with a protected aminomethyl
piperidine to form a protected intermediate of formula (VII). This reaction is typically
conducted by contacting (VI) with between about 1 and about 2 equivalents of protected
aminomethylpiperidine in a polar aprotic diluent, in the presence of an amide coupling
agent described above, for example N-ethyl-N'-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDC) combined with hydroxybenzotriazole (HOBt) or 1,1'-
carbonyldiimidazole (CDI) combined with 1,4-diazabicyclo[2,2,2]octane (DABCO) . The
reaction is typically conducted at a temperature in the range of about 0 °C to about 60 °C
for between about 1 and about 24 hours or until the reaction is substantially complete.

The protecting group P! is removed from intermediate (VII) by conventional

means to provide intermediate (VIIT). For example, when Boc is used as the protecting

15
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prot ect ed pi peridi ne-carboxal dehyde in an inert

diluent in the presence of between about 1 and about
wQ2@gu2isas ent s of a reduci ng agent. Opti onal | yPCHDS28D6/020085

one equi val ent of a weak acid, such as acetic acid

can, be inclu . At I :
ot ey R oY st SR 41 sl dilorol i acd or
hyd®@&lridadid.and about 30 C, typically between about 10

20 C and about 30 C, for about 0.25 to about, 2 hours,
or Antintermasdiate ebtormale (0X) is dhw farnedby Qleéﬁfﬁﬁl&? ammnation of

., Sui | i i .inel i . .

int R AL P s Rt Bins e BRI TR on i typically

coddubi@d by ¥phteeing/ (WUMLw e bagesh abourd anderbswid! efuivalents of the
triacet oxyborohydride, sodi.um borohydride, and zodl um bout 1

pro@e{a?rq]lqb% ) ocparbf@c.aldphgdqom@@uﬁ@rt difuqnf 3 the §|rqsg{aﬂea>cf swlf?yn about

w357 PP oy Shed" PuaChAR: O bhg LB hen

acid, 6N hyale8Ph&d @hn BAinRNidee tdhaselerfeithe rasctibh NThe reaction may be
di i sopropyl ethylamne, is included in the reaction.

corRiuptgfl |aty«'gI ften‘rr@rq@ﬁr@tbétgfqen goeptdLie upl abgut 3o fcallydigfween about
200 B B TR Rk

substihgaIReeindlee(1 1) . 20 A carboxylic acid of formila
VI) can be prepared from a di ani nobenzoic acid or

est Suitahje inky difnente inslude|dighloramesthane, tdelferpmathangchide-B

tenseiagetebiibd G i DelsPubbecth ibanaddtoh 0% €

tridcER&RFoNydtide, BoaRuibBXwh{dideagids i B)daobsohidride Theproduct
acid | nt er medi at e (M). This reaction_ is typically i
(X dmidoleted by zsumbyrdpweredites n §VhendhaaminedV Ibsis suprlxd)es g peid salt,

be en about and. a t 4 | val ent. t
ond SRR ] AR SRRl Bl B s v
diisopketlyl@Rylarhie, #e@tdeann kg rfey@ionalFinallys de dusit@thgatrowp P is
tenperature in the range of about 80 C to about 100 C
renfigyred dtso intermetliste1@X ey copENtigEd PR CRdurEUSIVOEA0 H5085

. about . 7 Qurs... The . tion is then raised
plpﬁg}g?lﬁgnei]&ﬂﬂ?e Halflmgtglgel,%tesf%i Eﬁlatzes 'sodi um hydr oxi de,
and At &ebdxiyRel ueill off fethalLd/ P YarCemepired Rain a@iansnobénzoic acid or
conveni ent process for providing internediate (Xl) as
estetray the progessdiusratedsisScheme Bi no- 3- ni t r obenzoi ¢ aci d
met hyl ester (X):

Scheme B
0 ﬁ\ *
oR R ~OH OH
L. NH, S \/<N
Ry
(XD) (V)

where R represents methyl or hydrogen. Intermediate (XI) is reacted with a carboxylic
acid R'C(O)OH to form the acid intermediate (VI). This reaction is typically conducted
by contacting the acid or ester (XI) with between about 2 and about 4 equivalents of the
carboxylic acid R!C(0)OH in an aqueous acidic solution. The reaction is typically

conducted at a temperature in the range of about 80 °C to about 100 °C for about 12 to
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O OV NH2 5 N2 (X) as the starting material.
Typically, 2-am no-3-nitrobenzoic acid nethyl ester

W@ X)06i13781%li ssol ved in a pol ar diluent and reduP€rUBs3006/020085
exposure to a hydrogen atnosphere in the presence of

a transition netal catalyst to provide the
abofi Rriiqveh cFhetiE oé&neaowﬁpmq theryragsed by thomdditiorhel hasastetos

icall onduct t te erature for
soctighy AN 8 st BTG ol P R AP RS | ©uent re
I S Steivesirtht probess yr pradidinglin®xasmAate (XVe Rhd¥heth§l ester uses
teat-butyl, " tert- butYI benzi m dazol e carboxylic acid

2-arpigp-3nigee ely@lqoircéibmeﬂﬂ esjert(Kd: conversi on of net hyl
ester (XI') according to a tywo-step process, as
illustrated, for exanple, injSchene C. Scheme CO0 0 O
OC Ovw OH QOw g~N F2ONd NH NH2 O 15 (XI'S)
(XI1) (VI') As describe n detail in Preparation 3
bel ow, the methyl ester {XI'NHis first reacted with
2, 2- di met hyl pr opi onyl chNéxide to provide the
|ntermsd| ate (XII) which is_refluxed in a strong acid
solution, typically, for bd¥leen about 12 and about 72

e PR R DRI 0 e o

disseved res ps],ar diburgno mnxttjmdmfedfbgvrdprmé fo) a nattodea gmespdierdn the
according to the process routes illustrated in chw
preseniffsqfr?gtr%%wp@aﬁ@tqawsam Ryavids thedigmingbrrroig aad melmys oster

(X%eﬁ%r&&%gn@@ﬁﬁﬁllggﬂﬁﬁtep %ﬁﬂl i%hi% %&B@fahﬁ@ {@%ﬁﬂ 'S about 72

known t e‘art
hou006/ 127815 PCT/ US2006/ 020085 Schene D O N

When the substituent R is sterically bulky, as for example, when R’ is fert-butyl,
tert-butylbenzimidazole carboxylic acid (VI') can be prepared by the conversion of methyl
ester (XI') according to a two-step process, as illustrated, for example, in Scheme C:

Scheme C

O o 0
" Ci)k OMe OH
OMe I NH, - \
NH; NH NH%
NH; }/&O §T
(X1 (XII) (VI
As described in detail in Preparation 3 below, the methyl ester (XI') is first reacted with
2,2-dimethylpropionyl chloride to provide the intermediate (XII) which is refluxed in a
strong acid solution, typically, for between about 12 and about 72 hours, to provide the
tert-butylbenzimidazole carboxylic acid (VI').
In alternative methods of synthesis, compounds of formula (I) can be prepared
according to the process routes illustrated in Scheme D using the reductive amination and

other reactions described above, and/or using alternative reactions well known to those

skilled in the art.
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(1) NNH~NF~e'" HH O NO ~ N\,N X (MI1) (XII1) 1
NH O R (1) ~OH+ HZNNX NNH R (VI) (XIV) As

W@ b@en2isms process route (i), an internedi ate oPCT/ORI006/620085
(M11) is reacted with an internediate of fornula
(XM to provide a conpo &% of  formula (1). The
reaction is typically 5 S hed under the conditions
descrlﬂoed above for the reaction of amine (VIIl) 5

ect ed pi peyidine-carboxal dehyde in Schene

(Jf\. t er medi @ (X1 )b{}expr pared by the reaction

of V- Nydr oxynet hyI pi perid a reagent L- X, of

f ol a(III) foll owed by oxidatio eresultlng

i nter fedi ate. For exanple, for the p | C s\eg@«x
e

X is - & ocHs, interrredi@fﬂ@(XIII) C e pr

as shown in Schene E. Schene E OOON\I><$'10I Ok N
Ove NAQVe 10 (XV) H (XI11') First . O
4- hydr gixymet hyl pi per di ne is reacted with'"

p cheror of or mékhe t

‘ﬁ‘y; ymet hyl pi peri di N late (XV). The

reag nis typically conducted by contacting

4- hydlggymst hyl pi peridine in an aqueous sol ution wth

bet wegny about 3 and aboggryyp equival ents of

i nethyl chl oroformate in the presence of between about
As shawdingiroesss dites(i) quinteimediate of fobas!a. (VIﬂi)ais lrmtﬂdj with 418

o e TSESH o e RS
typféﬁll&dﬁérfdrnfeﬁ end&aat b&f&ht‘lo%s d%&@?%%&‘ BbdRl fb? th‘é?%ltlgﬁ ©f amine (VIII)

Intermediate (XV) 1s then oxidized orm t
w1th dtambwcipé pipgiidine-caitoixeldeipdican Sch@ﬁdd:ﬂ) The OXI dation

|ont makes use of an oxi n reage
e T I N R T T
with b F&ieBi S UBE, QX kil Y, Tolfooh iy BHdatioR of the resulting intermediate,
For example, for the particular case of X is ~C(O)OCHj3, intermediate (XIII) can be

prepared as shown in Scheme E.

Scheme E

I~ ~om R
NH e N OMe N/U\OMe
HO —>  HO — 5

XV) " cam)
First 4-hydroxymethylpiperidine is reacted with methylchloroformate to form the
hydroxymethylpiperidine intermediate (XV). The reaction is typically conducted by
contacting 4-hydroxymethylpiperidine in an aqueous solution with between about 3 and
about 5 equivalents of methylchloroformate in the presence of between about 3 and about
5 equivalents of base. The reaction is typically conducted at a temperature in the range of
about 0 °C to about 30 °C for about 12 to about 72 hours or until the reaction is
substantially complete. Intermediate (XV) is then oxidized to form the formylpiperidinyl
intermediate (XIII'). The oxidation reaction typically makes use of an oxidation reagent

such as a combination of oxalyl chloride and dimethylsulfoxide (Swern oxidation), a

18
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18 WD 2006/ 127815 PCT/ US2006/ 020085 chromate reagent,
such as pyridi niumchl orochromate, or an oxi di zi ng
w@g@at1278sich as sodi um hypochl orite, togetherP@i/UB2086/020085
cat al yst such as 2, 2,6, 6-tetranet hyl -1 - pi peri di nyl oxy
r adi ( TEMPQ) .. aratl on of ound of
chnpiyhle e et Futt PG Sl ESE e i oeqcf‘ Izigg sbept, such as
c@@rﬁ@l dR18H5tE B odthdr SFifESE AL
N e T TR S R G ﬁ?’gﬁﬂéﬁdmﬂm
ﬁfe@mdlcal CIEMBOYr epar ed by reacting a carboxylic acid of
for h an i nter nedi of formula (XIV)
sho ePlﬁ"i’Eﬁaﬁ%g 2 fyR@g; qf)rtfe i ) facqubivaioatiosss Mbiefior
Scifemd DS r
cHom 8in! gggt%@%&m&%{ QQﬁe%eﬁb&{ ﬁlp%fa?xgplt@@lﬁ%d RBBBelW

a pro am no thy pi peri
| nt érqwmpoaméof fdrhita:(DSehetse be prépatdd by rehdiink aHridxic Abid of

fortfafy éeel?tr%l l%%éf%'r%ula%bés éﬁ%%nertrpgas route (if). As
111u‘sﬂ9£t§d[ HPS’dh%ﬁl% Ioﬁnt&ﬁ{em&t@g(ﬁglc)m bfs qi)g@[e z%a(glon of a protected

deprotection Step ration of
amigoustigipigeridine with idemadote XIDi ) is descrl bed in
Preparation 4 and in Ex | e |]_,4 and 15 bel ow. The
reagents L-X (111), a%?@m TV), O=C=N=R (V) and R
C(QOH are 15 avail abI e commercially or are readily

pr €p by standdrd cedures fromco star X
ndﬂ\é% Furt h t aiN- regarding Seci]fi d redct N?
condi ti Hand ot her ocedures for prep
representative conpounds of the invention or

internedi ates thereto @qg) described in the exanBWE
bel ow. 20 Accordingly, in a nethod aspect, the

whérd PeR b @it~ ?Mtdéﬁﬁg BroRp OeQESvillOf pRIERE infemadia@FPound
of fornul a or a salt or stere0| soner thereof, the

forpled&39), cf@lﬂﬁmdd?yrﬁgde(paqte@tmem nga recARSimch{sbmbormdsiaacording

to piodeke Mok WPRIMARA phctisa G T 1 Sirpbiiet b 35 hisbd-
( X :me) r,eaantd X @Hytx'cgo)@m oga@—NeiRSf 05 i RIE(HHOH are

w th a compound of fornula pr OVI de a compound
avagable gemmetciqlly) or aromadily BreB@ned by) stasdaed ouicsdures fromeroauhion

starkif ﬁﬂte%%gsltl onal nethod aspect, the invention provides
% rocess for preparing a conpound of formula (1)

V\fh eFLﬁ“tH&r Kethﬁs Rgérﬁm%%gecﬁﬁ@ E@acﬂ@dﬁaltldn%@ BB RO Efures for

and - or a salt or stereoisoner
Pfeﬂqailélngé@i?rese@‘l v p@@ﬂ@@dé ofrfheiinyengion enottéemmgpdiates thereto are

described in the examples below.

Accordingly, in a method aspect, the invention provides a process for preparing a
compound of formula (I), or a salt or stereoisomer thereof, the process comprising
(a) reacting a compound of formula (IT) with compound of the formula (III); (b) reacting a
compound formula (VIII) with a compound of formula (XI); or (c) reacting a compound
of formula (VI) with a compound of formula (XIV) to provide a compound of formula (D),
or a salt or stereoisomer thereof.

In an additional method aspect, the invention provides a process for preparing a
compound of formula (I) wherein X is selected from -C(O)R?, -C(O)C(R°R")R?, and
-C(O)C(HR’)OR™, or a salt or stereoisomer thereof, the process comprising reacting a

compound of formula (II) with a compound of formula (IV), wherein X' represents R?,
19
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conmpound of formula (I1) with a conpound of fornula

(I'V), wherein Xrepresents R3, 19 WO 2006/ 127815
wWERAIbUSROD6/ 020085 C(R6R) R8, or C(HR9) OR10, tPRCPUS0EE20085

a compound of forrmula (I), or a salt or stereoi somar

f. o i
P ler FTHROIOR o gifide Lol dfRu2F YRS O
stefiidoviatk thegedfher eof , wherein RL is defined as in

formula (1). 5 Cryst alline Fornms |In another aspect,
t he Thajwstention fypthey brpailes a compound of formula (II), or a salt or

skl R IRR R AlE RSB ELTAME, Kt gr e

ne-1-carboxylic acid nmethyl ester in crystalline
freebase formor a solvate thereof. Three
able fornms of 10 crystall|ne

i%g,lﬁt%%l SeRLRY] nvirk@ Qﬁpggg% pg@%gt Sifr Car% Bilazolc-
4- @%di’lyﬂ@thm%n@ﬁlyﬂtplﬁmlﬁlrbﬂﬁl%@@ piperemed -darbdigvie aaaemethyl ester

observed stalline Form the present invention
in c@stallmpyf@tebﬁsp iferen oy eediwaie thepef. mUhree dlistinapishableforms af by

er R £l B opfon 1 B opRRaaap oo B Ll ot Bivericin-
1-}2%1@%%5%’@§@m311r03%]§0)6’11@ adid metBy1 @3@r Aereinalidr é08pathd BMdve been

In particular, Forml is characterlzed y a
obgssveder x-ray di ffraction pattern having diffraction

.20._val f 19.000 20 and 19 ¢ . AS_iS ..
e SRS i bEr eR prascuttysnfign i S e tind sepoasf Bt Tis
chR8akriRAVy 4 SR kB FRraGRAGPKRIAALER] kingains dr@fcte

sensitive to experinmental details, such as details of
diffractpirepe2Bs pir2foalesiselectad droimbi. 0&#&32(1 lgdd;#@ﬂﬂyw 020,

e rel.atj peak hei in on aspect
1970E0 2P s 4#@92@ Trprotiou Fim 08 Pasactery by &@M@Ef xray
diffrabiioh L}gdttfefr[ &lfi?é?:h%ﬁ@ At 2@\’%199%51}‘% (R%kzh 0RRRI 11917989, 20.
are substanti a yln ac dance W t ose shown in
Fi gu\sds dell Hmbwnlln tieesfidid efipdwider ety diffnetixing peakambsttipns of PXRD
x-ray diffraction analysis of cryta S ructure

spwra@rwe#@wméemp%wqq@ expeipentalictallyetush @s defatly Ofsemple

prééﬁga%y%%& gtv\g&(g)gg?rg ﬂg%g%ghg{éga&%elpegig gr?é Phud iTone

aspeet, thd ﬁyﬂdlhnel €osn 1 is charatteBd2edbcaBowddrex-ragslififtactien pattern in
mol ecul ar structure_confirnms the chem.cal c nposltj on
which thg aﬁalbwosaim@{ml stantiplytip gecordancs $diataeseshoyRtg Figure 1.

doe f [

o ST HOBSR, Rle cfkoaeris & OPL A MERHOTRAAG, Bffrystal
stroetuey prdvididiOiic dolﬂmﬁmg lantice Iaamnetersemebélbm torthgﬂlBﬁﬁﬁIﬂWlth

w th observed r/gsul tall |4§e Form |

inppstng 2 HYOOE b T 5172 b Giral S04 351 A eaoGroHp GhPriads; calculated

oo FREN 3511 TS bl AR IR i

composition is that of compound 1 and that the assymetric unit does not contain water or

other solvent molecules. Powder x-ray diffraction peaks predicted from the derived
atomic positions are in excellent agreement with observed results.

Crystalline Form I of the present invention is also characterized by high
temperature thermal stability as evidenced by its differential scanning calorimetry (DSC)
profile which exhibits a peak in endothermic heat flow in the range of about 145 °C to

about 155 °C, typically between about 146 and 148 °C as illustrated in Figure 2, which
20
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profile which exhibits a peak in endotherm c heat flow

in the range of about 145 Cto about 155 C, typically
whedsaems1nbout 146 and 148 C as illustrated i nPEI/ys2066/020085

2, which 20 WD 2006/ 127815 PCT/ US2006/ 020085 may be

L 5, 5408 90 SO Bl s
(TEiAY prdfile sllitiwsmd gptifichangighe ¢haige beém\lvetdmethe mm%t ofiflegradation

degradation which is above about 240 C. In yet
Wha%ltst@biwea@ﬁ&%%"fo The present crystalline formis

ChATAGHEbARLadbor 8 ok AbARTSGuiRe AAROE BhAOR=TRRTY i hrared

abﬁcﬁﬁt?on sp2bittum “Mdlﬁshomds%mﬂ@ﬁﬁaabs&ﬁﬁ@n bhndit abowt 766 90097251,
resent cryst aI |'ine form has been denonstrated

1411% W&?e&g% ERA9s 4649), end é@?%‘%mon/ desorption profile with

f‘gs?h &’}fgirét 11169%}@ @'beébL cg{sﬁétl%g Pc% ﬁéxie)/a 1(3{1%‘91’016
sonpatbgﬁem‘rp%ﬂ’/prbﬁleat/ﬂh{m hxmptid)ﬁa‘]lyﬂw ¥ eVoflygredcapicite (1 e., less
m di t roomterrperature% as shown in Fi

3.
thaéaoﬂhom %ﬁ%% yeight gain 4 the hamdy Wﬁallgfb‘?f Z &ﬁﬁa}ﬁa %&1515@@ to 90 %

relfE Y of bR pBRh B R HERRHEES, D P! PR C
no ntAtBh@dnaH@ dBystéliife Forn sfdoatpovad i hak Bednyfouhderiss stebl€upon

no detectabl e changes in the DSC, TGA, or PXRD .
expRsyFq foedevated terpperafyEhanddhunydity +4 ﬁf‘d§tQié$eefPﬁﬂﬁ%an9thHP’L@ C

an@ %‘ %’?élsf’clveqﬂ%]@l?y %)&g (V‘é?ﬁbllxoede]cg’ctéiﬂ A e eé x ttHé ?gg‘ll’ Ggy or PXRD

pear ance SO no ec

pr@ﬁ& il tB8, chexhicaPXRRy aﬁ teternfiinkd bﬁHPD@’dﬂa@lsﬁSarﬁf nd-éUseiviable
froma vol une-based nean particle size of about 470
chafges shyisuad appeprAngre Thers seprailannp shanges detagisile by Do JiGA, or

P8 SRR PP B, B0 St A A o

470 Imif:ﬂoh@fo a VSlumb-tabglm eardpariléié\sia af Msdus 15 ubost 20) of Als®ilt 29
of weight loss in the tenperature range of about 95
migngbout 105 C, typically at about 100 C, in a step

P i, FR0RL S A M B PE B ROLY B HSE sy ol

prori S a-pea i énd ermc

ofFigﬁm 4t TGheinaBely shbRbtin ddst aNWeighPlobs thdhe femprenaterhgittiof
with the melting event. The PXRD pattern of Form I |

abow 95rigiebeutdgai’ @h sypically b Abauty é@o of, ir@stap| profjlgicoasistent with water
or 9&%%1& 19% *fﬂﬁ% d m[ﬁ@i)fo?fqe g)ﬁ‘u e%( 1{? E&%ﬂ@%@c héatf' ?10\1_/%

S consi S

betW‘Heﬁ ah6@t1aB iafd a8dut 1E6PQO) ddncmserﬁ “&m thaheltinpheehhi THE PXRD
crystalline form of the invention has been identified

patiern of Ferme Hyig vclghsélngulrsbzrhw from that offigrmdt dYhilespsiivegdentification
PX
hadQ V%%raxil %(r*agié‘ %lfle Jl"?%A p@'éﬁlge cgft %E/)al cﬁ%%lgtgré{ wﬂ? Hnggt %m&aﬁ)on of

Fobn 188 201lvale. 410. 20, 12.740.20, 30 17.750. 20,

18.470. 20, 20.630.20, 21.130.20, and 27.050.20, as

i1 dde ﬂ]@fcb@'ygstnlhne form of the invention has been identified as a monohydrate.
Form III is characterized by a powder x-ray diffraction (PXRD) pattern having two or
more diffraction peaks at 20 values selected from 9.14+0.20, 12.41+0.20, 12.74:+0.20,
17.75%0.20, 18.47+0.20, 20.63+0.20, 21.13+0.20, and 27.05+0.20, as illustrated in
Figure 5. In particular, Form III is characterized by a powder x-ray diffraction pattern

having diffraction peaks at 20 values of 9.14+0.20 and 20.63%0.20.
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Figure 5. In particular, Form1[l is characterized by
a powder x-ray diffraction pattern having diffraction
w@e@kd2mts 20 val ues of 9.140.20 and 20. 630. 20. PCL/UYID06/020085
2006/ 127815 PCT/ US2006/ 020085 The DSC and TGA
ro
Phe ThePs< m EeRursiis SEPU LD b hEr oy OB Al e
ma@eﬁ&x@tmdldﬂgddse st@lm&ﬁlatwm@tﬂmgﬁt}ﬂénsabmuhe teﬁﬁ)efamma barige of about

t about 70 d k
65 %a‘mﬁ@éﬁ& %Mlygt @a%ug%ac @émggla@wgi%g@p%géwabﬂ@mata

tenglge %Ef} SoLire: f%ggtt@r and % gghtsi)(fs%)gbué\%lisﬁktéq?%ﬁthqgss%}?h lin]oPohydrate

wabe snd estizedusnt hettingh aFcﬁmt X hag deerbﬁuﬁlef d)aracddrfzfed agiran
anal ysis_of crystal structure, providing the follow ng
dlffra@ttqnca@a%ya#saﬁﬁ%% strygfyre, prewiding the fallopang latticeparameters: unit

IR DS Sy T S ST A

10618020 ¢, ¥pdcs gim%?ls Bﬁgﬂﬁzalc-ﬁﬁk@ed @ity isNo23 PR C Théfesulting
structure confirms the chenical conposition is that of

mqlmtta@ ghectarepetiitasthe chemirel eoseppsitioniie thahpf comapeuad dsing that the
The S%Earate crystalline forns

assg?ne&h unb Coggaﬁ?sa}%@éﬁwageﬁ% & reproduci bly obtai ned
by trhesé dt@@ty@t@llﬁx@‘f&ﬁ%ﬁﬁﬁe prekehs irlehiiemap b Y dproditine

prepare di spersing conpound 1 in an inert dlluent
Obt@éieé bvéhb lcmta:mpmdlurqm IGeystaliheFornt | miap he prapered diydlispersing

thyl. - acet.at tion of. between abgut
coRehi BB g ekt roma=aie P prolppans, ald ety
acethth 4eRbropertidA dFbatwle bbb 15308 ad At DY n{gfh%n{fioﬁh&' i et O
evaporate at ambient tenperature, resulting in
mlﬂﬂly@mé ilpent e oo s, miterer avat dliowling theawiriuire fregvaberate at ambient

obt i ned a.sol ven ange process from crude
B{?n'ffmti)l IP%II%W?‘}% ﬂné%nt hout first isolating

arm APRAHAS vEID)! nmmqn&y b&AShiHRSE 5¥ hellvet exEXAER bfocdOiom crude
bel ow. Typically the reaction to prepare conpound 1 is

compeunidddingatution, witRgt rﬁmd;tasolamgmarpbbuswemppumhl;rasalsscnbed in
di c r th i.n which.the conpound is

Exgpiat Delo, sl dhiiesdion b prearormmound daf Giied prign

pol'alsarﬁfgﬁl@@ﬂméﬁ't |sGclY ACHMTbAnidihdnl) 15%&91?&&% ouh GRS soluble.
product to renove the di chl oronet hane. xture

To npaaparegcrwamﬂe Fom b utetbnismie i is ahied twlﬁ](é@zamglm distitlingdhd crude

mlLliliter of

reoB L BrogeF 4 mu gt e ST b i Py peagput 1 and
abcth 206 &leQWhiyiobh1 gl ﬁfe%?gceft&gﬁg 1%£§/'H$H€ee?15about 50 and

remal ning after™ |st| ation an
abdue 1PE neet congposud 1 iper miltilitep ofl acesmlitvide tlshprepmd tros the fesidue

reng OB A e Ion AL AT Hoh IETBFTAnG SHPEnT R ae he meiduc
for@x&ﬁ q}fﬂngﬁraﬁﬁré/ &t QJ Lt Lo OTHR dnis a6 theh S0bRAKEE J%%ature of

conv ntion proce ures I n an exenplary process,
no moxd thae absut206Cad providd crystallieaF oxm I,odd ek ,isdlytpd bakbrywentional
at _a tenperature of between about 55 and about 65 C

progefirese 18 25 eXerRBlAryRIO¢esFriRe BAUKIRES 16 Gpolgt Bl nyglegtion occugs,
typgcélol% ?@ﬁteﬁﬁ%{a‘?&e e bawedh fodih 55 GhaBESht 8598 0Lnd hé ARt

temperature for about an hour. It is then cooled at a rate of between about 0.25 and about

0.4 °C per minute to a temperature of about 20 °C. To increase the yield of crystalline
Form I, the mixture may be further cooled at a rate of between about 0.5 and about

0.75 °C per minute to a temperature of between about 0 and about 5 °C.
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0.4 Cper mnute to a tenperature of about 20 C. To

increase the yield of crystalline Forml, the m xture
woreyehersitir t her cool ed at a rate of between abpCr/US2086/020085

and about 0.75 C per mnute to a tenperature of

bet ween about O and about 5 C. .22 MO 2%%8/ 12781? bient

pPCTlowsgraYs ot Hgamorphotst eopanound &1 fipgersed i sxajpcat ambien

c | | ' DIREBI v&@king mixture is
tem?%gn%geﬁgg ufghealll ? %rgégﬁ?%%a%%g gﬁ‘ggnt rati o%n%?pg%o&t g1][18) ng/ mL
sonieadd.t Aeer stk 4 hoursiakarmbient tsmperahire, atysthllingf sodids abberm II are

24 hours at anbient tenperature, crystalline solids of
obtgeadm 1| are obtained. 5 Formlll is prepared by
di ssol \ g%!ﬁ&}fg %HRHIBHB ' inal:l
et ﬁi?ﬁ%?ﬂﬂ%&%ggegg?ﬁsﬁ@@n{ tur h@? anbi e#%c?lgﬁp@%rgda'lflure
othdnBl: avatdrRalvesantet hafmbienitmakatire t20fing/cohceatrdtion of about

soni cating the solution for about 30 s

onds. The
20 roghul fsksonisasng Bealntion FAboRbT) SFoRipparauiqn llowed to
uncapped il i Soufs! %Skt@fiink 36lids of Form
partéagllgr ie&@pog?t\é o%u@#ﬁé%?lgﬁmeglﬂ%%?ﬁlg Phal?rmcleuti (l:;l
I Lememed.i ons The benzi m dazol e- car boxam de conpounds
of the invention are typically admnistered to a
patient in the formof a pharnmaceutical conposition.
Such .. C I.cal conpositions may be adm ni stered
MM@%@OﬁHOhgany acceptabl e route 15 of .
adnyiy enbiatit @4d1é-taborctinmde cdtpounds of theiitenitibo aredypilcally
rectal, vaginal, nasal, .inhaled, tcgfi cal .;i nS&\%‘Ei ng
administeseitorataficntria thrafoantod p FharRAgedica CHBRTSHIYY on.

Accor di nal i: its. i st ;
o ahfr g SotpoffipBifatbs MrinkRTRER b BRRerfBPERY focilile oute
of RefREiraicadnduping] PReetiintad toy ot aepthbhgindanasak inheted, topical
(incfipbtmesomnslbmARBT i B SFIIPHATARut cal Iy
1n Butical ly

PO B L gl st
phargéeaB el lcompasico corhpfising aphathaageivhBy-aéceg@blera@dier oThe

Crientan adhormas b DL aH g ap S of s @mRAGHR! 1OFs () or a”
excipentand agher qftegtiygam

conpound, of t r ' L. ONAQL: ical
o R PSR LR P OBl . g prpics
corﬁ%&hid%@ MyROat 6thbr thenpasictandfs forihilainglagentnifaeniréd: om

ncTephgheaneasompostiot: SBEMYOIRbYPHRIGAT A

i ncltbeip 2 gpositiops .

from about. 10 t 0 ' t ive
tregppBR ARG Hrede iRRE UL oM PN e R RIEURASIE,
phdtfacbutidalliyh ecceprabRRER tdred] Typioalbsudh imsmadeutiba compositions.

i nvention. The choice of a particular carrier or. .
wilkgaritpin dvpm abgut 0.1 to about 95% by weight of the active agent;including from

about 5 to about 70% by weight; and from about 10 to about 60% by weight of the active
agent.

Any conventional carrier or excipient may be used in the pharmaceutical
compositions of the invention. The choice of a particular carrier or excipient, or
combinations of carriers or excipients, will depend on the mode of administration being
used to treat a particular patient or type of medical condition or disease state. In this
regard, the preparation of a suitable pharmaceutical composition for a particular mode of

administration is well within the scope of those skilled in the pharmaceutical arts.
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30 conmbi nations of carriers or excipients, wll depend

on the node of admnistration being used to treat a
w@aobilzshar patient or type of nedical conditiPET/082006/020085

di sease state. In this regard, the preparation of a

har | cal conpasition for a particgular
Adﬁﬁ’&é‘aﬁf ?h‘g egfs 9t FU5H CPYPREfPNSFrE ﬁ?WFFéﬁg’c%‘f?é‘aW from, fo.

oxdiesighh b @d bk 14568
Gt O EhR O B TERG SO (GRS, P Sy EP¥fer tustration,
convegtiemil frtreildtion t@lhnfquema!p@lssdrlbemm Bémmgton The Science and

P I Bon g e e e
G e ey P AR HBR RS DR TN DB Gtems.
7" Ekiaromabg)pnﬁ@tt WMS &riWhite, Rultimote; MAHflbmhﬁw% Wi t e,
Bal ti no 5 (20001) and H. C. Ansg et al
e RAECR A V08 @ef waieRals srucibrancerys as pRpsmasyuica
acch @bl%@bfrie?ﬁncf‘uﬂ@ Ry 6ot Widideh mhég‘fo%%@ éﬁasl#g%lfgosru%
ryland (1 Representat| vé exanpl e
lactalsé, @lucoan ambmmmsa,s(zpktmfcm suth ats&lohystauah aadpafatosstarch; (3)
rrier i ncl ude, not [imted to, the
cel crspow : n%%ycryﬁgﬁmg ce and ity Jgrivatiees, gloh@s sedigmg
[ 8y .
oy °%@1&%e ceﬁfﬁlgé%é’% WERE Rebe () PRlpRR A ants
(5) o, m)cgalatmaﬁd tale; s(8)je(c|1paattts Vsash asswbba astta-ed Yoppository waxes;
rbo | cellul ose eIIquse and cel | ul ose
)] gﬁé,tsgg as E%%u%liﬂ%?%e? I o1 ,(sgfa%p]tl :0livg)oil, corn oil and
soBEALTIO(Heckabn &5} %%%1%{ 3y D3I Sydp ERycern,
sorpitelmenwid] and polyethglens gkyccbl (lgaléitb@y\m‘ch @b bthyBﬁSﬁHEnd)eﬂhyl
1 oI [ KF oil, rn oi.l and %bean oi l; (th ycol s,
auidifs KL ) 2eg &1p43| BHeErg 38sis; sychpy W%v@ eaaéld aluminum
hycﬁ&&iﬁ@r('lf} al%l?xcsa‘afd) '(ffﬁl E';'T'S’e'égétf 617 ‘?Jo%’ogﬁé;%elg 18) Ringer's

solllltam; 6199 etmfl ﬁ%l):olmja(rzp) ﬁ:]idsphzilel bliffed sogltmgervtnﬂ 2 B)Ltﬁhlerémn-toxm

na si dr oxj de and al um num hydroxi de; (15)
COI%H%B %161? § e’(nﬂ’})y PEmaseuEeal LeEPPSItions?) | sot oni ¢

sal

(2 O¥ osp ﬁ zftu j[e?’bét’)i %? {ng ?Slgglﬁguﬁ%%gweﬁ&%) a(rg wéatn&é’ ?‘%@éd by
thorwghlycamd ntimatelyahix higeor Sldgirprcasneupt of €@ ihiention with a
phaglaar nac tical conpositions. 20 The pharnmaceuti cal

ﬁ“ﬁ&}QF YoARERSTDIE TIP3 AnecH maare openal ingrsdionts ki neepssary or
desR¥d, tﬁJ]I%EIQH?Q{J%Ie fily bﬁhhé@&ﬁlt%ﬁﬁ%% 8 v, h?ﬂe%rlﬁl 18%4c8 into tablets,

conpound ention w
capgHes, pﬂtsemﬂ itloeslikeyustrpoent attlodab@bcéduresand eqiign@ht. NOr e
opt i ngredients. |If necessary or desired, the
res PHEAl GPTAPRTitoRs] the TV eRtionce Profapblly Padigedin 2

umtodosbé?i%ﬁﬂ L %rﬁla%ﬁtd%s 9’8191?’“116 tood uﬂ)ﬂagmgf}ddlﬁgr%tlehdnkt suitable

usi ng conventional pr OC ures a

for pdemgrapaient,d.al, eadnpiisidntadmiag @fprdd&&:nmmedmﬁmﬂ[ty@f gctive agent
unit dosage form The term

ef er abl packaged in a
Oalo[ali?ﬁ q togradige thesiesired empsuticeiech pifhsr alone pr i epaphination with
r n C
oneclég nh{oglec' %(Iﬂ(%ga{g‘f glrnféso & oS%?t e %u&g%bﬁ%%S% qis Q}gy g% &l s{lles
tableia] miilk,ane dhe likepr oduce t he desired therapeutic eff ect

either alone or in conbination wth
In a preferred embodiment, the pharmaceutical compositions of the invention are

--1

suitable for oral administration. Suitable pharmaceutical compositions for oral

administration may be in the form of capsules, tablets, pills, lozenges, cachets, dragees,
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one or nore additional units. For exanple, such unit
dosage forns nmay be capsules, 30 tablets, pills, and

wo b@olizises I n a preferred enbodi nent, the PCT/US2006/020085
pharmaceutical conpositions of the invention are

itable_ for oral _admnistration. Suitable
Powﬂ%fﬁrﬁ@&ﬂ% B5#S TN QTiagHEPanSiondR an aqUEQHS o RAN-2AUCOws hquld

or B BBk D6 S8R R b rop v e

cachCPhaBEND S pAAORRHinep amdentsf agoamolied of the pesemt ifvIntioh @ an
en3|on in an aqueous or non-aqueous |i quid,

or .a
ac%’r“%%“iﬁ il-in-water or water-in-oil liquid enmulsion;
Or  §fheRNntehded for Qfal §&iﬁf1‘1|?srtrgﬁgﬁj id :b?ol d df)@a%e B4 31 asfcap%uées,

contai ning a predeterm ned anount
tabjets pilstanid rtlh@hite),dhe pharanacewdichl Gmnpdsgroﬁd bethe m\&n’t&ﬁﬁ will typically
i nt ended f or or adm nistration in a solid dosage

CORRR S A Gompound of @g%ﬁe%@nvemlgmaéidge achye ingregient epg one or more
phdﬂn‘é@éutlcﬁlﬂﬁa&'aﬁt‘aﬂﬁ“cﬁﬂ{ehc @ﬁchcé%@e@ﬁﬁ AR of fchctaﬁgnn phosphate.

invention wll typica nprise a conpoun
Oppomdlamr altermetivdly rsueissdlhlﬁioamgd foans mgy aldb eﬁmpﬁmi (DNfElleds or
rmaceuti cal | y-ac ﬁeptable carriers, such as
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I
B L A Y
polgviaylgiyes]idong seaosesind! driataria; €B) htingeantd, andhaseslycerol; (4)
manni tol , . and/or silicic acid; (2)
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as mhirsffing @) ab&onptg)na@;eeibmtors wath asquaganiarggmimoniith Compounds; (7)
.ar bonat e, pot at r_tap |F1/oca starch, alginic acid,

wetfing pgfiis: Sheh asie8d aleghol/and/os glyicerol BRPBYPRIRE: (8@ ghsorbents, such as
kaoﬁﬁlaHH/oPBeﬂtGﬁl?er éiia)g aﬂgﬁ%a%ts §tﬁc‘i‘1 s}ac Asidpghald a}a'?e a@wsmm

absorption acce tors uhternar

steagatﬂmhdqbslyeﬂ@)ene\gmcblsng)dagﬁ syl s‘alfﬁﬂ& ﬁﬁl/dt&hiydur@d mefeef, (10)
land/or ce ? nost earate; (8) absorbents, such as
COlQLLS Feam n%?dod1 bRH{Eme@geifay: (9) I ubricants, such as

t al |
ol ST ER oELHE R Rt BRORERLUR, SEAREAL Bl S
perfumitg agsits, pesevhtives hﬁii anmmh@ernm@n@@rﬁesme@ﬂdm(tﬁ&)

buffer| ent.s. 20 Rel ease agents, wetting agents,
phaprgagepigp g@’é’%ﬁ’%“%ﬁx@éh%ﬁvw&wnﬂ %g)f@h@rmqséwfqaﬁyﬁgceptable

antiBYRIBLS inddi &S EQ%%] s%?ubef@gntﬁv%cfaﬁ HRRLS 26RPHid 'a?ﬁ %gtelne

present I n arnmaceut cal conpositions O
hydmvhhntdlepmduﬁx hmplfa!s wilivpharerbitifoiccalinh attrphalthdslike; (2) oil-

i oxi dants incl ude: (11 wat er - sol ubl e anti oxi dants,
son ik atigaidatsorish a5 deaotby! st i buORy T BEPDR el GO
oSS, ST RBL L oL UL b o e i

and@)cmeﬂaybhqhaingl dgatits, subluby siieatid) ediylonyainhind Rtrbdhig acid

h d t ol BHT I t hi I
o b B A T o SEIAT B BN e,

cap%i;?iI a‘*)ﬂl% I&g&i ﬁfcé NHc1A8ERbS: usl %} e%l'?eg& oafu?gsagdcﬂ 'as cellulose acetate

enedi am’né tetraacetic
phthalate (CAP), polyvinyl acetate phthalate (PVAP), hydroxypropyl methylcellulose
phthalate, methacrylic acid~methacrylic acid ester copolymers, cellulose acetate
trimellitate (CAT), carboxymethy] ethyl cellulose (CMEC), hydroxypropyl methyl

cellulose acetate succinate (HPMCAS), and the like.
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(EDTA), sorbitol, tartaric acid, phosphoric acid, and

the like. Coating agents for tablets, capsules, pills
wap@eli2isey i ncl ude those used for enteric coatPemES2006/020085

such as cellul ose acetate 30 phthal ate (CAP),

pol I

et %]i Fﬁl qg@él%ﬁa%ﬁtﬁ@?l c%hﬁ)ogl? ﬁf N thFI %Pefs%m&e%%h may also be

fommldedmi hracidg lsiosy awodltreﬂécefelea@mf tjaarectsve ingleliiehossing, by way of
acetate trinmellitate car boxymet hyl et hy

exgEpleuhsepemrEmetyy ﬁ‘?lgbl%ﬁrl% ﬁwwrﬁmﬂm@e oF gibbsolymer

B Wb Sl 5h085 ™ t et red, “cthe
phariradditién, ¢lad pleenpesitichladspotitibheofthe pfa@éntilmeaﬁbﬂl any

may .al so be formul ated to provi de slow or_controlled
OPP@Iwélé(sc@n@fn envsifxiagagents gl way beformaiatesl safhat gy @Iease the active

I
AR, O AR AR LR el F 08Bl BN e,
opammtﬂl@'[ innd delD&p henasr. Exanpladsiichibedding Bempbstiomohith cal be
nposi tions of the present invention nmay  optionally

useebiE R pelyaterie W‘?ﬁéﬁl’&@%ﬁ%dswﬁﬁd g agfivor pethiiBt @ o459 be'in micro-
en%d}@@lgﬁegg f %"ﬁ(?prﬁagée c\:xg @%ﬁ)r njuﬂ'? rog ﬁlengYe%gésxnb&f excipients.

gastSuahbie ﬁqﬁidlmulsagertaﬁhs foropdl lamahétyatlon findludig bayast of

manner. Exanpl es of enbeddi n nposi ti ons which can
illysiration dhainpacpuirallergapiabl Q:er&\%lé@n& ARisEoeRdsigRex gajutionse

I

suﬁa%hél&% F‘ﬂ% p@IgSérhfxgga%uaI ﬁﬁmﬁ ﬁoé F%nlgﬁ gyé?alﬂ&o%ﬂ%ée H&tbtive

ingrbdivi-afle 2 indpedi RNt ispdhedtt for exStiplepwhier bi @thercboMaagaalublhzmg
forns for oral adm nistration include,

ageryts @mra@lﬁ@ﬁrs pearaneel plcekely lyomeeﬂﬁﬂ%pﬁ %P&w ethyl
oo, S QN e YRR, P HERCBSLIN S RUTURZA it op,

cottmeai;tgromdnmgwﬁ; @i, alivk, aiktor iR tsechinlelsi 1Y, gl Fde e, taﬁrahydrofuryl
for exagﬁl wat er or other sol vents, solubilizin
C

alcﬁb@lﬂ paly Borglveels pag Bty agidresigss @ﬁqqylptaa; guhigixtures %ereof

Su, n%}?ﬁp ¥+ ‘%ﬁﬁ?‘b%eﬁ %&We&ng@ggﬁp ﬁ{agrcgg%}}g ﬁlgpé?}%ﬁ{%g%nts such as,

forlex3miple, themﬁa@Hysz@Ieary@ alcshc(le,mlyoxy@tﬁylteﬁ@ﬁﬁbﬁol and sorbitan esters,
.groundnut, corn, gmm ol ive, castor and sesane oils),
mlgqowéﬁaame oelilpggy yhetahyidsasmies, befonije ag-agapand tragacanth,
atty acid esters of sorbltan and
an@hﬁ res %ﬁieof Suspensions, in addition to the

act lAmmangélggIhe @hanﬁmyumn&@npbsﬁm@ of tierigvagion e Sratilated for
as,. 20 for exanp et hoxyl ated i sostearyl al cohols,

adlwlwﬁklya Ibwml@ﬂ%wélﬁwalb& phgRmacsstipal campesitiensfor administration by

n}%ﬂa‘%}toﬁ Wi yp%ell % ifi Bld 4 krgso?an %&r%%l{&ﬁ g‘pgg\{c]lgp g)&og’@bsmoms are

r agar a ragacan

geﬁdﬁﬁ[}eﬂﬁnmﬁtdrai kg V/elll XnowhdeRViay GeGedst suellas a metered-dose
conpOSItlons of the invention are formul ated for

inbale Py pradeoithelyr, ipdehinliaer ona sigilar dblll\@rqo fietfietaceut i cal

ComgS il LD e Bl LR 0

ph&utBetRaAP@IhidsHives of fie iHRAGORN t}qﬁdﬁnlplcsﬁ@ﬁwth@%w@ ingredient
wel | - known delivery devices, such as a netered-dose
and a suitable propellant, such as dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane, carbon dioxide or other suitable gas.
Additionally, the pharmaceutical composition may be in the form of a capsule or

cartridge (made, for example, from gelatin) comprising a compound of the invention and
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i nhal er, a dry powder inhaler, a nebulizer or a
simlar delivery device. Wen adm nistered by

WO pvalizt81Hn usi ng a pressuri zed contai ner, thePCT/US2006/020085
phar maceuti cal conpositions of the invention wll

typi call ' th ti ' '
o peFirinen R TP oo Genaalet” SRRE POt B Rtp e by ey of
exa&ﬁﬂlg,hg@&_&f&g@g@ﬁet hane, dichlorotetrafl uoroethane,

carbon di oxi de or other suitable gas. AddltlonaIIX

t heThheompaeds bEtk ieventios cai e bagdmiaistered wensfemplyrusing

capsule or . cartridge (made,. for anple,. fr
knqgal Gnsfis el ARFYeLy G BIStIREhy TR e TRt FopPoRg of the
invéRi MR 2 YR G AR ki 1D SrhldPRODEHIBONS Juctbadiopidensglit APl e
for use in a powder inhaler. Suitable powder bases )
polyetbyleteglybsl menplavkate szaetsioalkanzg-oussang theslike; and inpeggorated into
coppound f..the inventi can_al so. be adn njister
o pEE A REEN R P eren A kh ot B BaBRisdrc Bk BT 6thes
emf BB danEreds @ﬂaglbws&_i infsRich B%AdteHRal cBnPOSTHEREE dediredhe
5 invention can be adm xed w th perneation enhancers,
s uc Fhefoliomdny fosmalatibycidlustrge rgpasesentativieplyirpeesutical compositions
frﬁgnol ayr.at e,. azacycl oal kan-2-ones and the |ike, and
of MR PEFFAY RPNt o a patch or sinilar delivery system
Addi ti onal excipients including gelling agents,
emul sifiers and buffers, may be used in such
transder mal conposi t i orffpriniilation Fxemplehe f ol | owi ng
forpmul atiiogns ill.ustrate representative phar uti cal
conPay] e deeebaietier il P BEERECh At Er BT A BB on
Exam|lp e A Hard gelatin capsules for oral

adm nistration are prepared as follows: 15
| ngriagiedients Anount  Conpound of the i néemqundn 50 ny

Lacf0S€ (spray-dried) 200 mg 20 Magnesjum stearate 10

gy E@W@é‘%ﬁ?ﬁ%‘?ggeﬁ?&%edur e. The ingredi’éRBs ‘are

t hoLectgsd (fpray-@nddd and t hen | oaded i n280mghard

gel fdsHeG@RSttatitd 260 my of conposition pgmgcapsul e).

25 Fornmul ation Exanple B Hard gelatin capsules for

oral admi nistration are prepared as foll ows:

| NgR@HeeH; ;AR ure3 PhEHBPRHEAs £ thdtBugtily BRhIENandGhéMloaded
Starch 89 ng Mcrocrystalline cellul ose 89 ny

Magings  handsgedadinatapside (@90 mg of composition per capsule).

Formulation Example B

Hard gelatin capsules for oral administration are prepared as follows:

Ingredients Amount

Compound of the invention 20 mg
Starch 89 mg
Microcrystalline cellulose 89 mg
Magnesium stearate 2 mg

Representative Procedure: The ingredients are thoroughly blended and then

passed through a No. 45 mesh U.S. sieve and loaded into a hard gelatin

capsule (200 mg of composition per capsule).
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35 Representative Procedure: The ingredients are
t horoughly bl ended and then passed through a No. 45

wore@a/12188 si eve and | oaded into a hard gel at i PCT/US2006/020085

capsul e (200 ng of conposition per capsule). 27 WO
2006/ 127815 PCT/ US2006/ 020085 Fornul ati on Exanple C
Capsul es for oral admnistration are prepared as
follows: 5 IngredientspfRuation ERimmepied of the
invention 10 ng Pol yoxyethylene sorbitan nonool eate
50 QapsiBs Siraraadponisteatiodse pigpRep retdlowat | ve
Procedure: The ingredients are thoroughly bl ended and
then loaded into a gelatin capsule (310 ng of

conqa h{elf.l&n per capsule). Formulation kxagd e D 15
ts

Tab or oral adnministration ar
f ol Cawpound ofgheniventican Anount  Conpound 18fng he

| NViELLd 18 sorBiaf ffdnoQlei¥® 20 M crockggi@l Iine
ceﬂ?ﬁoﬁ@@S mjo Pgﬁiyvinnylepyrrol i done % 0 % % in
wat BACEPORYer Sodi um car boxynet hyl st arth #85 ng

Magnesi um stearate 0.5 ng 25 Talc 1 ng Representative

Procedure; The active_jingredient, starc d | 1 ul.0s

o Kepsistive BrasguresThe Netrainbate HoRap B anifiifoaded
tho, i @ RbmpOGHioty pd¥hpinte)ol i done is
mxlcﬁelgy%%lﬁm%%%%%g%mfin g por\r/\l/t%eré, %nd hiés) m xture is

then 30 passed t hrough Farolatidd Exesapled) S. si eve. The
granul es so produyced are dried at -60C and passed

t hr baRjefs Forgsal afigipisiapfian age P’?P%‘i‘?@ as ﬁ‘ﬁg’wﬁodi um

car iyl starch, magnesium st ear apehoand talc
(pregﬁu@l_y_passedmoe@b—a——M—@Q—;m&h—U—&—a eve)

ar eCoinpouratiafihe tnvettien gr anul es. Aft er nﬁxngg, t he

m x¢ure s conpressed on a tablet machigggto afford a
tabl et wei gf]j ng 100 ng. 35 28
Microcrystalline cellulose 35 mg
Polyvinylpyrrolidone (10 wt. % in water) 4 mg
Sodium carboxymethyl starch 4.5 mg
Magnesium stearate 0.5 mg ‘
Talc 1 mg

Representative Procedure: The active ingredient, starch and cellulose are passed

through a No. 45 mesh U.S. sieve and mixed thoroughly. The solution of
polyvinylpyrrolidone is mixed with the resulting powders, and this mixture is then
passed through a No. 14 mesh U.S. sieve. The granules so produced are dried at
50-60°C and passed through a No. 18 mesh U.S. sieve. The sodium
carboxymethyl starch, magnesium stearate and talc (previously passed through a
No. 60 mesh U.S. sieve) are then added to the granules. After mixing, the mixture

is compressed on a tablet machine to afford a tablet weighing 100 mg.
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WD 2006/ 127815 PCT/ US2006/ 020085 For mul ati on Exanpl e
E Tablets for oral adm nistration are prepared as

wo odob02rs15 | ngredi ents Anount 5 Conpound of tPET/US2006/020085

invention 25 ng Mcrocrystalline cellul ose 400 ny
Silicon dioxide fumed 10 .Steari cid 5 ng 10
Representative Procedu@ﬁ?@ﬁé@%@?@nts are

th . to form

t ac] DI 1 3B EEAEE AR R ep TR IR
Forlapedichien Exanpl e F 15 Singl e- scor edAmabiitet s f or
or al—agnAtstratton—are—prepared—as O J_.0OWS”

| ndreap@amd S Ked¥entiotonpound of the in\#érﬂlgon 15 ny
Cormsdrédrgdialiife cgdluldeCr oscar nel | ose soddlmg5 ny

Lacéiﬁé&l(gig?ld Mpgnesi um stearate 5 ngg
Representali ve Procedure: The ingredients are
tho$téQI§Prﬁ°}d bl ended and conpressed to f M8 a

single-scored tablet (215 ng of conpositions per

tabl et). Formul ati on Exanpl e, G A suspensj for, oral
adrRemesentative Rroceduse The loarediontsgry okoushicblonds i Biens
Ano ggm ' b RRoGioh (kr tdoigERI i ¢ aci d
0. S&Sﬁprgso [ u%@ﬂﬁ%@%@?@%%% %/%t hyI&Sar aben 0.15 g
Propyl paraben 0.05 g G anulated sugar 25.5 g

Sorbitol (70% sol ution)_12.85 Vee%éuar‘n k (Vanderbilt
Co.) 1.0 g 40 Fl avori ng-oau oRExaBpled: | ngs 0.5 nyg

Single-scored tablets for oral administration are prepared as follows:

Ingredients Amount
Compound of the invention 15 mg
Cornstarch 50 mg
Croscarmellose sodium 25 mg
Lactose 120 mg
Magnesium stearate 5mg

Representative Procedure: The ingredients are thoroughly blended and compressed

to form a single-scored tablet (215 mg of compositions per tablet).

Formulation Example G

A suspension for oral administration is prepared as follows:

Ingredients Amount
Compound of the invention 0.1lg
Fumaric acid 05¢g
Sodium chloride 20¢g
Methyl paraben 0.15g
Propyl paraben 0.05¢g
Granulated sugar 255¢
Sorbitol (70% solution) 12.85¢g
Veegum k (Vanderbilt Co.) 1.0g
Flavoring 0.035 mL
Colorings 0.5 mg
Distilled water g.s. to 100 mL
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-Distilled water g.s. to 100 nL 29 WO 2006/ 127815
PCT/ US2006/ 020085 Representati ve Procedure: The

WO p@oanisent s are mxed to forma suspensi on CBOL/ABIV06I0R0085

10 ng of active ingredient per 10 nL of suspension. 5

Formul ati on Exanple H A dry powder for adm nistration

by i Rbgt@ntBiRe PRoRAGBATIRingfedlcatd D¥Eiixedtd fbihgh eakipendion

Amount  Conpound of the invention 1.0 ng Lactose 25 ny

15 RepairiagilQmeef miige spmediont prel Gl ofsusnegrieni ent is

m croni zed and then blended wth |actose. This

bl ended m xture is then |oaded into a gelatin

i nhal ation cartri dg@oriileticoBk&npls FDf t he cart ri dge

are adm ni stered using a powder inhaler.

For dudrtropidesios agminisiration by igfwiation is mep@rsséhaﬁ fodlomst i on

by inhalation in a netered dose inhaler is prepared

as lodrediets Representative Procedure: Asmsospensi on
ontarmny 5w —9%of —a—conpound—of—the_TTverntiton and

O 1%1P°W118€¥hﬁﬁﬁ“f?np§npr epared by di sper&¥8g 10 g of

act iDaetod5 conpound as micronized parti @esgw th nmean

size les

of lecithin dissolved in 200 nL of demineralized

wat e The,  .suspensi on spray dried. and the

oo ukeni i e PRERE’ g S et BiFronliea ang epgpionded
a Meghh icAdEe! Ghid BiSkicl RARiute B tHan [bRGdAAt §élﬁﬁ1 idh#lation

| oaded into cartridges wth pressurized 1;

1, 2- tatridge! Ube oattérasef th3©alﬁémdgnﬂraadmmlsfmadrp$legapomer inhaler.
injectable fornmulation is prepared as follows: 35

I ngredi ents Anobunt Conpound of the invention 0.2 g

Sodi um acet at e buff erpggliicAELRnft ™M 40 nL HCL (0.5

N) or NaOH (0.5 N) g.s. to pH 4 40 Water (distilled,

st erA dmy)powdsr for ed@gnisttatioB®y inhalation in a metered dose inhaler is

prepared as follows:

Representative Procedure: A suspension containing 5 wt. % of a compound of

the invention and 0.1 wt. % lecithin is prepared by dispersing 10 g of active
compound as micronized particles with mean size less than 10 pm in a solution
formed from 0.2 g of lecithin dissolved in 200 mL of demineralized water. The
suspension is spray dried and the resulting material is micronized to particles
having a mean diameter less than 1.5 pm. The particles are loaded into cartridges

with pressurized 1,1,1,2-tetrafluoroethane.

Formulation Example J

An injectable formulation is prepared as follows:

Ingredients Amount
Compound of the invention 02g
Sodium acetate buffer solution (0.4 M) 40 mL
HCI1 (0.5 N) or NaOH (0.5 N) q.s. topH 4
Water (distilled, sterile) q.s. to 20 mL
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WD 2006/ 127815 PCT/ US2006/ 020085 Kepresentative
rrocedure: The above ingredients are bl ended and the

wW@Rkhoca27828lj usted to 4 0.5 using 0.5 N HO or BCBUB2006/020085
NaOH. Fornul ation Exanple K 5 Capsules for oral

Zﬁgiu ephdsd ! t?\pefr%gedo ! egﬁg% @?{% ill’{ﬁ%é(ldelﬁ%alﬁé)len eg grllc? tnhte?)H is

OuUImu—ot

M cr adjuyet 8 4 es ﬁﬁhgolsqs@idmlo@lkmh’éd)ﬁ%) 259.2 ny 10
Magnesi um stearate 0.75 ng Representative Procedure:
The ingredients are thoroughl y bl ended and then

| oaded into a gel ati Eﬁﬁ%ﬁgﬁgﬁl, Wi te, Opaque)
(264 ng of conpositi e). Formul ation
Exan@dpsules foeaPs wiBSnibiedtical2¢ pRpaLs FiRWson are
prepared as follows: 20 Ingredients Anount Conpound
of tIﬁéfeﬂlﬁv@ntl on 8.2 ng MecrocrystalliAmoust | ul ose

’ (AV| 39.105 VEgNEST un St ate0-75 ny

gﬁ? ‘?—”F’é’&edure The mgredgéﬁt‘%g are

thorMWt@h@m@RéhﬂC&ndAvheJrPHdﬁabd i n259.2 wel atin
capMhgne(iShgedtde Wi te, Opaque) (148 ngpf ;
co 0
that any formof the conpounds of the invention, (i.e.
f r ee RepRsc@itative ProRaomt Tﬁé‘ing‘?él‘ilénts 8t tl%ﬂ)l%@ﬂfmehm andShen
suitable for the particul ar node of stration,
can bedekiatp 2 sclaticapsalerBizedtl | WalitecOppms) (i6dmsg of composition
di sc#&sggsui ove. Uili 35 The
benztmiGEY ‘Te-car boxam de conpounds of the invention
are 5-HT4 receptor agonists and therefore are
expected to be useful for treating nmedical conditions

medi ated by 5- HT4 rMﬂMmg_ls;d_ci ated with 5-HT4

rec . L.e.. medica nd |ons whi ch are
anel| é ?Safgr P& ?%E’é’f%ﬂfmﬁetme@r%do Q lpWeept or
agomigédiesdsich nmedi cal 31 WO 2006/ 12781
PCT/US2006/020085 conditions include ut are not

| i niCowpored of theilnvebtien bowel syndrome (I®8S)mgchronic
COﬂM1bﬂ%@nyﬁH1nefdéﬂﬁlbk@(P?«}lcéi3P§P ' a, dq|3930‘§%§35t ric

errpwlgﬂgsmrga? aggesophageal r ef 0.75 mg

ot

Representative Procedure: The ingredients are thoroughly blended and then loaded

into a gelatin capsule (Size #1, White, Opaque) (148 mg of composition per
capsule).

It will be understood that any form of the compounds of the invention, (i.e. free
base, pharmaceutical salt, or solvate) that is suitable for the particular mode of

administration, can be used in the pharmaceutical compositions discussed above.

Utility

The benzimidazole-carboxamide compounds of the invention are 5-HT, receptor
agonists and therefore are expected to be useful for treating medical conditions mediated
by 5-HT4 receptors or associated with 5-HT, receptor activity, i.e. medical conditions

which are ameliorated by treatment with a 5-HT} receptor agonist. Such medical
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di sease (GERD), gastroparesis, post-operative il eus,

i ntestinal pseudo-obstruction, and drug-i nduced
waledoagzm1sransit. In addition, it has been sugperUs06/020085

that some 5-HT4 receptor 5 agoni st conpounds may be

t t .
config gt PTG S Ler BT Rl Moty BRST chrope
corﬂtlﬁﬁfo@eﬁﬁmum dyspepss, WRIaSed akiclemplyHR] SastbesophiicaDieflux

autonom ¢ function. In particular, the conpounds of
dlsea'se (GRRBM gastopanesise pew-apstative flguss ntestigal pseudo-obstruction, and

SPYRIHET] B3 A DR i PRt e

agdiﬁs‘#! %81‘ﬁp9|)zhcfs chsBP 1 thk itatnibnBNTBAlE] ndrisils 4ot disorders
humans. Such motility disorders include,

y way of
incjudings¢ogattive thOUiﬂ'SG fqp]@avmlsdlsqjé@nsdnood disorders, and dlsorders of
T atl on dom nant irritable bowel syndrone
coéﬁf @ﬁ ]8 and i di opat hi c gastroparesis, and

f Unﬁh%&ﬁé\har, HTBEPsIs dfthORQeRfREatreadeiBsiaftp bethet he
i nvention provides a nethod of increasing notility of

gaﬂﬂélrttd:ﬁ@mgla(ﬁl} whot eed thus ate expaeted tmbeusetithier treating dwetdwopf the

G FRER S BT it Pnb Sl ine B Yehmns., St GLaotitity

dis6RIRRAALTLAS By SRRIRIT i Bishetien, R EEREHdtea] dofsBsdRptipEd@ninant
carrier and a conpound of the invention. Wen used to

irritabéeabioveiil spndiems (GABPp diabstic med idionaghieo gastiepareyis.tang dencgional
g ot her conditions nediated by 5-HT4 receptors, the
YPEAPOunds of the invention will typically be 20
admuDb: it Rp&H, tRERIrY, thdinfreidiOhByidad 4 hefHRIDf Mcrédling motility of
nul ti pl e doses per day, although other forns of
theggastrointestinel iraet imayiranmele the mtbodpernprisieg adpginisieringde the

mAdmi ni %rg{)%% %glr fgeg?}vﬁf?%’mtft&ga EIF‘WCB%UC&E%P?HS}]%O& %)mpnsmg a
phﬁﬁié%élﬁicﬁﬂ‘y abdeptabR@atricdAhd @ LotpsurEdaH@Rvention.

circunstances, including the condition to be treated,
t he Vrensmsed tortoaat disorderschfiredused atotidify ofithe G treeiedr other conditions

o LB
adrﬁﬁﬁét@r@& oratll 8n & @ﬂlgfe' daylyQosd JSleinQﬁ‘lllh?lI%tdog}esﬁjéﬂ'ﬂ Jg ) ARhoughNsiher

ui t ablle doSes for trea di sorders of
formsdxﬁ caémilmsitatllon mayde usbd The amalmt of ﬂctt)iteh’éﬁnt adngms@équoer dose

o B o B 5 o AR o, i

the lfghlt Hﬁ!h@gelgﬁéﬁ%@&%a&eg Qﬁ)&udlﬁ aRQiehdition®d k@irdayd, thdéhosen

average 70 kg hunan, th| s woul d anount to from
ro@@oﬁ&dnﬁlnﬁﬁ‘atmn, dtmsptua? OOQOpxglradajaylst@red aaldtlts\xgla’ag@mtlwtynthe

one. of t nt.iL, on .
oo, ) ] SPE AR BT LiA PobohEaR o RURT e gL symptoms,
and_Nikdsed to treat chronic constipation, the conpounds

of the 32 WD 2006/127815 PCT/ US2006/ 020085 i nventi on

Wi | Suitshie dedes ﬁorbmaﬁdgwﬂisbsiesrcéde@cad mptility ef thé g kract or other

disg%elrsy mg 1§t%d %§ SI—I-?T4anJe|<:éﬂtgrs wi range from about 0.0007 to about
20 mg/kg/day of active agent, including from about 0.0007 to about 1 mg/kg/day. For an

|

average 70 kg human, this would amount to from about 0.05 to about 70 mg per day of
active agent.
In one aspect of the invention, the compounds of the invention are used to treat

chronic constipation. When used to treat chronic constipation, the compounds of the
32
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per day. Preferably, the dose for treating chronic
constipation wll range fromabout 0.05 to about 70

wOorgoopae7sday. | n anot her aspect of the inventi oPCT/UR®06/020085
conmpounds of the invention are used to treat 5

. irritapl e bowel ndrorre When used to treat

lnve@tew@latbfw@ xﬁp taned orally imp piaslsslady dospyaydn swtiple doses
I

per c%?n prele er dt?tg :ag %@? Fﬂﬁ&&%}&ﬁ% t\%rlg 1P:{lt¥091 &Jg‘?l Ja%geb§om about 0.05

to aboht T(ring pdodes per day. Preferably, the dose for
constipation- predom nant irritable bowel

;;ﬁﬁﬁ %watemnecfr%frt@%nwmﬁna Hisupompoynds of thgiyentian sigugseyto treat
P SRR, RIPE el 1 R et B oA B

syndeshe, dnarm@o&ndélwéthe iiﬁvedtldrpwﬂf @'pically Bbedinihistered orally in a single
roparesi.s he conmpounds of the invention wl|
dal%;ﬁ}%tse af mymplgiplefloses R dpw dPisfertly, the desedbrigeating spnsfipation-
I P
el AP ARAES 1 A5G o BLEL 6 AP o o

fr om ambthet agheOof th@m&bﬁﬂtin ﬂfé d@iﬁttpl@&ﬁds!iﬁyhe InRret@in are used to treat
anot her aspect_of the invention, the conpounds of the

diabetipegasireniresice Wherused to trsatidizbetic gasitoppismis) the gerpagEids of the

e . d | e
i GRS R4 Y 1y SRER Tty () FERRRA Soses
perdagl Pieférnblg, the ﬂgéeefodaezitmgdﬁaaeno adtropaiekis il @arpeSREn about 0.05
day. Preferably, the dose for treating functional
to 3@’9%tpé)p‘§g£e 4% range from about 0.05 to about 70 ny
pery, 0
0 eag%y ano-m& a%é};\ézf Q#hg E]l}]\%llggl’(lj ?%ee%(tds o?mﬁ rg/ g&on are used to

treemmabﬂdl elgtspupmh Wﬁéﬁ‘hsé@ﬁﬁlﬁéa@ ﬁmﬁbnﬂl®spep§16 ech8eéMp6unds of the
nprising adm ni stering to the manmal

antfH@pafﬁélmlee&m e aélmleeteir«tﬂeora%mﬁ sipgle éaﬂbﬁ?ﬁ@mm Bultiphedoses

per Idg%/‘pplt gé}%o@ rthg 505% f01D %@e[tg?‘;g ctt oﬁ@le H%?%Jg%ml rgne% frop @ out 0.05

toabbﬂ\/k&mg@emduynds of the |nvent| on are 5-HT4 receptor
agoni sts. The_ invention further provides, therefore,

n%t%aerémnéés@mrﬁvlﬁ@s amsthod of Hreaiénm sonammah hpanga disgise or
co ﬁ@g%&%ﬁa@e{g\gﬁﬁg I—ﬁnganr% rm%%p a{&tﬁﬁ aﬁ{'&eﬁoﬁ %ﬁBBHQ ﬁ% gcflm dnsetenng to
the nfani’ﬂtlzﬂ a thetepdutioal ]2 fectilv 6 emue@idfla cdgpoaseaf B lﬁ\Qﬁﬁ&l b6 a
I nvestigating or studying biological systens or
phaggagsrEcal caRAPAYtion FampeepeeRRoUNgrofiley nventivmover i ng
new Q hS over ce ¢
¢ AL FORL YouRRR e KPEERY e s [T B AERA0AER. The
mvéirtlldiliéfutftmgbm\@dé‘s aférdfmp@m@ﬂlowlo‘f g dtiiziel 69-111’@4 fe@@;ft&t iaras
of 30 other 5-HT subt particul ar
marpgiap Hrensthod gempEgng e u%stenmg qaenmpcmﬂ@f Iﬂ}ﬁ mg@m@n to ther
f oni.sm _of
matﬁfélgfej gﬁggﬁtlaﬁ %E Bgrgtﬁagtérlﬁ%a ‘?ﬂseylé{/éét %8r arﬂ%%%?egul aﬂﬁvearch tools for

1nv@tig:itﬁig| @ sbld@irtggjl@lagtcsmktemb OF sERPIB Ravidy 5 100r Feddptbrs, or for
receptors ﬁ/ npl oyed i n such studies whic rmybe
4

discoperingRey sS4l HéfPePiQf agptusts dorgevey, sitse cgslpmds of the invention

exhi?o(i)tooqh&tgg §élléctgfgy”f&332 %ﬁ’r@o‘%&%m as compared with binding to receptors of

other 5-HT subtypes, particularly 5-HT; receptors, such compounds are particularly useful

for studying the effects of selective agonism of 5-HT; receptors in a biological system or
sample. Any suitable biological system or sample having 5-HT} receptors may be

employed in such studies which may be conducted either in vitro or in vivo.
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Representati ve bi ol ogi cal systens or sanples suitable
for such studies include, but are 1-_ limted to,
wa@elba27se®l | ul ar extracts, plasnma nmenbranes, tPEHUS2006/020085

sanmpl es, manmal s (such as m ce rats, gui nea pigs,

Réo%é’s%%aaﬁge BRRceh o8RG Sk R St or sg«;bs%t&ésl}h%@am
lirfiBéitol &1 keBular Eﬂ_tﬂactﬁ pl8m8 B‘iéfﬁbrhﬁescf?ﬁhég eéMnHPm??ﬁls (such as
5- HT4 recept or - agoni Zi ng anmount of "a conp e
micp.tetst Swnea Pigs f tecdogsafigg g anidribe tike 5- HT4 recept or
are n dete ned usin onventi onal rocedures and
eqwﬁﬁxﬁ?w e %ngéj gb PRICHISHAPR G & %13‘7§°151ﬁ851ng a 5-HT,

reédpftﬁ‘tlé. @?ﬁdcts'ﬂsxﬁf@h{ 85- I-?Pﬁ*écéﬁ%&i&ci%oﬁ%ﬁ ﬁﬁ&ﬁ% ®fh @G#Pglﬁld of the

I and- nmedi at ed changes in in race ['ular cyc
ABs Eh@efﬁmwﬂggpizmeth@ é,&m) recdpitoyaanel then dietaihed using

t f t [yl |
°°§€ﬁﬁ%ﬁ5£y%%e At Sod Yopyt e an et OMAEATES o
fuhd¥ioaAINREE ] Sﬁ‘clpifuné‘t‘ﬂﬁiapgs% fineMadn érﬂem&ﬁhtgﬁ QERILRL f intracellular

(GIP), such as [35S] GTPy (guanosi
cyglic gepgsineinoganhoptioiplcAiMD), drgaﬁﬂ'—ﬁaeﬁmted ¢itangéssin hetivet) of the

L AT e LT
U L

(gwamasine 5'6D- (Fﬂhﬂﬁﬁpl)osﬁlﬁaw) dmmﬂhﬁhtdhwa&ﬁ&nedﬁlﬁnés vi@Rleptor
nt of mtogen activated protein kinase

Catgfﬂ FXcaRge et hnan %&%@Dﬁ&n@bgﬁ,ﬂganﬁmﬁtat@iﬁhms in free
o- HT4
O ) R O ERAR P PSR I Ll i R aging

platsmayar oo FLIPRY fromaviokeaiilef Bevifesh irtdl)an BRePimek0 8Mnfib Béh

ampunt of a conpound of the invention will typically
ath‘Vﬁlthlé’r?tFWWS APK)acbiei e ftx@omb@md ®0he mareimsl may agonize

or glgreﬁ géjt'hE 'a@cﬂ%ltll)ﬂ ﬁf % Ii—?{fr%?gg)?&g ?ﬁ tI tﬁ? ﬂllélgﬁ(g]% Iggsgﬂsgrhste({) gbove

used as researc

or assa:;esmf amlmxyarmaaira AlSAHITh t@eﬁt@b@@bﬂiﬁﬂg amouht It arc%ﬁﬁ)%hﬂd of the

i ndin functignal data for a test conmpound or a
m"&?‘b‘ifbwg]r typisally rgap Samebors] awameladorboetR90 Bnemalar,
rec ta f.or a.co
th egﬁaﬁ@e n{ﬁ?}g ﬂ{etrkgmﬁ{é) gﬁ{l@& th? gﬁJgten{jé" okifnlﬁgd ?%%?eaﬁ‘g\/tgo s for
dissameeing aew 5HAT) regepsior ;igrmﬁ;ts anahis afbbdintexnt, SLHTQfl%eptEmblﬁdmg or

t. of  the 25 invention includes, as separate
fung bRt ng Aer tepfsompoHed glom &ioHD o tﬁsb@r@mmés 1smmpamdao the

dt |
5- I%Tézr{s&%g{r%ﬁ%dgﬂ)%o@g@{&t?&% ? Sy r&?%g)ﬁ)&g of, re]zil \%/eéli,lgg ?o 1dent1fy test
cordymmgs ﬁiahﬁvaﬂﬁp@ﬁfrﬂohlﬁﬁng 6101'@@&631@?* ad¥ivitl i@ ahy) VERE hé}i&ct of the

have been found to be potent agonists of the 5
inveriioninelpdesnes separatermnthadimenss thedt thalgeseara@@t Mnon;paﬁmn data

T T e

of intenbunds - of the invention of vvh| ch particul ar nmention
was , made have denpnstrated erior pharnmacoki netic
pr ofpBong ather progertigs, coBmenndsd mapidye heen fonud to be potent

L I T

subBse over the 5-HT; receptor subtype in radioligand binding assays. Further,

compounds of the invention of which particular mention was made have demonstrated
superior pharmacokinetic properties in a rat model. Such compounds are thus expected to

be highly bioavailable upon oral administration. In addition, these compounds have been
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WD 2006/ 127815 PCT/ US2006/ 020085 shown not to exhi bit
an unacceptable | evel of inhibition of the potassium

WO orveaemsi®ent in in vitro voltage-clanp nodel PBPGI/N§2006/020085
i sol ated whol e cells expressing the hERG cardi ac

ot assi um.channel . T ol tage-clanp assay i s an )
shd§E e GHPE B P gD e T DD GGGt ARGt fon current in .
n RBbSBIth@.clhfh Rl fRGENbIaRA -

" pat tgig ngéo‘%l&ggr di a{: 5 riéé’glgl&grv@cgig?%%,&g{%%???%a y tc %rdlac

potessirge chamel Tl heewblt@ie-planipasgmtis an acaspied prérelénited emethod of
associ ated w.t ardi ac .arrhythma. (Cavero et al.,

SSSETR h PO EH 4 LCOIMERG CORSt, Sianée a patfesn of ahdion

Blari2hti ' X ' 102 008;

e B 88 o e T B YacR Wech s been
associnted ivathngrdianpoytitdsiaofCavem éraN.eOpinton & Bhenpeoihetpy02000, 1,
9441%, an, accelpt ble cardiac profile. 10 There )

p &m}%g_{ dladVafieiReyers fugdiisqorg vot 03 e, £t ndiecostingly,
P o o A AR RS R S Rl AidRplea o
havierantabeeptabl¢ carBapprddnt at i ve assays are described in
furlrger detajil in the foll ow nghl exanpl es. 15 EXAVPLES
The T RGP PERRCHIFS s3PT 9 s the Hilityiof shergrangundsefthe awenfien, can be

gLl ust.rat N g1V ' L .
OSSR g U A0 B B
art.i Remmdentative agsayd dre descaibpd asfubdbodetail methé @ilowhNggamples.

abbrevi ati ons have the foll owi ng nmeani ngs unl ess

ot herwi se i ndi cated. Abbreviations not defined bel ow

have their generally accepted 20 neani ngs. Boc

tert-butoxycarbonyl DMSO di nethyl sulfoxide MCN -

acetonitrile TFA trifl EXAMMIES acid 25 Rf retention
factor I?eagents and sol vents were purchased from

cort i aving sypiles and hiolneiosh examplrsare opigeo illusiraty the
- u d - : cli Wer e .

i Bon B Ear b {104k Hithiof in B by 68 Bhe (EREY: SF et hion

In tga: hm;lxypﬂ&ga;lclﬁv,age ﬁﬂfﬁ“ﬁ’lﬁg ﬁlﬁﬁ@\tihtﬁtrhs (m]_?_%iéc ;Heﬁféllc\f\jai%g m}ﬂn%_é @ﬁless
thin, ayer chromat ogr.ap , .analytical hig
Othifé’ﬂ%edp%ﬂe% ﬁ%é‘iﬂ’@tleﬁ?r @ﬁﬂh%ﬁg%%ﬂyw avaitheir gepera)y aceapted
spectronetry, the details of which are given
below and separately in specific exanples of
r eaBdéd ons. =Reactdrpbutdkydaiesl wer e wor ked up as
despmMSwed =specidfrhéByllsylfbxideach reaction; commonly
theyicRr e puri f hgg,Qyextracti on and ot her
purjfA catian ne ?oa%@ﬁ%‘ﬁé‘}ﬁ t enperature-, and
[

solyent - dependent_cr zation, and 35 WD
2008 127815 PCTIRHIHI%0085

Reagents and solvents were purchased from commercial suppliers (Aldrich, Fluka,

me

Sigma, etc.), and used without further purification. Reactions were run under nitrogen
atmosphere, unless noted otherwise. Progress of reaction mixtures was monitored by thin
layer chromatography (TLC), analytical high performance liquid chromatography (anal.
HPLC), and mass spectrometry, the details of which are given below and separately in
specific examples of reactions. Reaction mixtures were worked up as described
specifically in each reaction; commonly they were purified by extraction and other

purification methods such as temperature-, and solvent-dependent crystallization, and
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precipitation. in aaanion, reaction mxtures were

routinely purified by preparative HPL a general
w@e@bozmsis i s descri bed bel ow. Characteri zati onP@f/US2006/020085

reacti on products was routinely carried out by mass

and 1H NVR spectro l.es
DregBp o 8B VEE "FHTRB I BACCHO S oY DB | GRS R HPL -
a gffer Gh)is (RBELHHMVR @Hﬁﬁ&t@ﬁza’iloﬁ@if@ea@ﬁ&tybfoﬁdctﬁ\wab réutinely
Var | Gem ni 2000 I nstrunment (300 MHz) under standard

carnbdsemt\bgztmm and HANMBrepecthinseirys Feoe INMRenedsarement, samples were

s PSSP S EE G R TG RO ESMSC Pt e SR e

weld REVPILWER & NRShR Geﬁhﬁﬂ’zooo Q@trum%‘i{ff t3 %@{H%ﬁ&hd@(standard

I nstrunment or an Agilent (Palo o, CA) nodel 1100
obdefS/aliBiDcondigdmsu dass spdcﬂ)roﬁrea‘paldamﬁlfbmlmn oeymnmds weo$ performed

2-isopropyl.- 1H benzo car,bo
by b ROReaA DA N SE AR AP Bfesgfietts (Foster City,
CAﬁ mvdd] ABY Pﬁ?ﬁﬁ%ﬁétﬁm?&ﬂt or ﬂ?AQﬂént Sﬁaus UNEEY CA) model 1100 LC/MSD
itrogen-saturated sol ution of am no- 3- ni trobenzoi c
insiromentnet hyl ester 15 (Chess GrbH, 50 g, 0.26 mol) in
absol ute ethanol (800 nL) was added pal | adi um
hydr oxi de (Degussa, 20%vv/w on carbon, 5 8.75% w w
water, 10 g). The slurr de assed t hen shaken
vi gBrenasation hySynthesis of 0940129&1 -henzoiwidazglepteaghexglic acid
f or (pipettidin-4ybnethybimide was filtered and the filtrate
concentrat ed |n vacuo to _ffo d 2, 3-di am nobenzoic
3-diy 88 oi | that solidified

on FI‘B% @n%gnﬁé%é”d Qoluﬁ)on?@f Zrﬁ?llmnolﬁgi}@o chZBiZdcid methyl ester
+ cal cd tor C8HLON202 135.05; found 135.3. 1H

(CINNRG@BﬂD 50tz 0.20MBED) it63bsolute gfharjol esonmstassaqyded .pamhqmr

hyd?r @é @aeg%%o 26%) wfw &b ggrgi)lil %ﬁ%f} w/w W|_e|2tér ?O he slulrlr_\p was
%alséeﬁcﬂ?&{) Merﬁ%g&%ﬂﬁ?'uﬁﬂ%@}c%eﬂ (4 DX Yodne teﬁﬁie@a‘uﬁe for 48 h.

urry o I am nobenzoi c acid nmethyl ester (21
The pat@lyéﬂ;vmfﬂ)er@a:hdl thelfiitate cancedatetindvacaéiozaffard 0. 3 9

23 lﬁmrr'@?rea doreid o setpigs astahoeged o Prfe B dESmsine
(435% 15 81 1 6*%) %ﬁi/ézt MO 696d &8 ¢or, 2 J7 13595, fu8d B3,

to 3 usi ng  aqueous sodi um hydroxi de sol uti on

1H(I\4WR(30®IVHXZ DMSOMé) S(pml) Be74r(a, 3H)a# 80r{br <, AED), 6.20 (br s, 1H),
enper at ure_be The reaction m xture was

63§t@=ﬂﬁé&§9@é&)ﬂ%ﬁ%éﬂiture for 2 h, cooled to 10 C,

and the resul tant precipitate fil tered off. The solid
b. ’s«G paralie: sopropyk- bHrbetizoimidazpled-earberndicasisk oni tri | e

?r%ml‘%% gﬁg’ﬂb?ﬁen and151 ¥th¥)?§s}eergé 28 Qfl IPéHE‘ 1SObutym

ac18Q36 Im1] M)@S 931ﬁbl) th ¥@feoushydeechlvritescid @ﬁml,ta‘ﬂ](lrﬂL)iﬁvémftﬂTddfmlder
title internediate (23 g, 0.11 nol, 87%. (mz); .
reffusfpg 34 h seaiferd 20wsiceenessoptipnudRe selution s cooled to 10 °C and

the pH raised to 3.5 using aqueous sodium hydroxide solution (4M, approx. 210 mL),

while maintaining the temperature below 30 °C. The reaction mixture was stirred at room
temperature for 2 h, cooled to 10 °C, and the resultant precipitate filtered off. The solid
cake was transferred to a beaker and acetonitrile (300 mL) was added. The slurry was
stirred at room temperature for 1 h then and filtered to afford a grey solid. The solid was

dried under vacuum to afford the title intermediate (23 g, 0.11 mol, 87%). (m/z): [M+H]"
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cal cd for Cl1H12N202 cal cd. 205.09; found 205.3. 1H

NVR (300 MHz, DMSO-d6): S (ppm 1.27 (d, 6H), 3.39 (m
wakhos/1277820 (t, 1H), 7.78 (m 2H). c. Prepar atipeI/v§2006/020085

4-{1(2-isopropyl -1 H benzoi m dazol e-4-carbon

ca])é!ﬂfél"@ﬁﬁ%/ﬁﬁb@&l&d Pk RO o%h{i 90530811[1?\%1{ (860 868 DMSO-dy):

ester 5 To a sol ution
O (Bpriny b7 GehyaEh)| 339 €mz bH)yi 7oz 9147 J8rkoM).i ¢ acid (9.0
g, 44.1 mol) in anhydrous N, N-di nmet hyl f or mam de (100
c. Pileparvéion GO0 €2 4soprd R BL b oinBH R d-SlicB®odvISRL RGN hA? -

Hdtneritepn: 8SiHeL -3t 441 mmol ), tollowed
Y ||soprol|(c;)ye ry %@%169m 97.0 nmol ). The

y
sol Joiaceluties of ﬂrlsmdp}ﬂdrﬂ b@nzmnmdazol@—émarbwcgh@mé(mo g,

442 A{m%r Lo t h % rcf) Ne%@lth dr 0)(% ?F&)Z mL {Ngsz gclideed 4- ammomethyl—
plf(eﬁdﬂllenfeéd%fd)@ﬂb BRI 8dthodid %4@61 Mng’{bﬁfﬂ"%% Aﬁﬁ 4

g, 44.1 mmol'), and addi'tiona or na
dllfé@@onmthylammer(é@em@r%ﬁ mmsbﬂ)e Thasolgtion Wesjstatedrfonihs min at room

A by LTS
(3- ﬂiﬂﬁ&]@ﬁ&hin@p@%?ﬂearﬂ&dﬁﬁlﬁ@ ﬁﬁcﬁ‘o@lﬂgh QUQLXI H%uﬁf ‘Qnd additional

bri ne. The solution was then dr| “oVer ‘so
N, M-dimethil formamidan(S@muk a T d réantigmuorinduteow zsf stinred aardmnm&fnperature

oy MG TR S S B

anggilmg%mfsgl:iﬂricdacédégﬁ 2 eoﬁ%scglémgﬂrﬁgﬁf@and @)gﬁé [Wel[gw was then

drighaves sodtementfatonnd comceqtiatad in VHRLUCto ﬁf&ﬁ%ﬂ&/b@fﬁoﬂ%d&/ solidified
upo% ag%ﬂz(m 0 }%b(a{pmg H S?;'Ev&%;&?teﬁ%‘&%tq gtvg th gﬁ% 1nte_a8pn()2§1pa(n%ars a beige
solikl"d)ls 85 6. O(EDﬂhO% I7@%) %m/%zg\mﬂ}-_l;t ca%t!ﬁ)z fé)r ??&%iw ngﬁ 623§ féépnd

4011$J)[M- og8H[ $01 ﬁrﬂ{etemonmm(et(anaa H)[PL@ 2- SQ%tMe@Nﬂim over 6 min) =

37 et MR 00BE BRI 435S e £20 om0, 1576 om0, 137
6H)4~1{"12((2n i1S9PF. 7)%41 JH, berRzpi iy Z?bfgs‘é%)&?ﬁ?@u%’ B% e’s%@’ 185 (m,

- 'pi per 1 di ne- 1- carboxyli ¢’ ac ert

2HX JZ(26E(’£ d H)27.69 (dntil)) 7.89 6 AFDtD.1 h(t2BHYi chl or orret hane
(50 nm.) at 0 C was slowy added trifluoroacetic acid

d. Sythesik bf RiscbraPyl-1Bbdniz&sdazbie4-$aibek {18 @ fhigdddyed t o
WieRvhemi@eom tenperature, stirred for an additional
20 mnutes then evaporated in vacuo. Excess
tri 9 asplshenef ‘b{E{%Tl@Prml-rléﬁcml@dlnbyiam -4 arhpoydarmion]methyl} -

pipdidifled Ratp SR cataf e ERHt ST b aney L) i Rbde < o
dlclﬂbﬁﬂbyﬁane K:h)i‘m}_?] &t -YC 3asQlowly E&‘deﬁ%ﬁﬂh&ﬂoﬁ&t& |ab'fdr(¥ 0 Yﬁ, 11?’@ mL

stirred for 2 at roomtenperature then filtered
portigrsoThe sqhation was allowed do Mmatt@tcmns Elnt.petfftultehﬂlrrd:dl fot an addltlonal

20 1@81%%% Lﬂfgen %%yora{emgc%ég (&qu; tﬂﬂjuog %&4@%&%@ geng]q“yéd by co-
evaperttich Wik tSluerBeTEO dsRite Waﬁfﬁl&aﬁ@blveﬁlﬁ-gml%mﬁ@ Wlume of
MeCN/ H20 over 6 nmin) =1

dichieropetigne agl glpyyhy) adiled o @@ﬁhylsﬂjwr A.19Gt 0C .Thd resﬁl?ing slurry was
stirred for 2 h at room temperature then filtered to afford the bis-trifluoroacetate salt of the
title compound as a light brown solid (12.7 g, 24.0 mmol, 89%). (m/z): [M-+H]" calcd for
Ci17H24N40 301.21; found 301.5. Retention time (anal. HPLC: 2-50% MeCN/H,O over 6
min) = 1.65 min. "H NMR (300 MHz, MeOD-d3): 6 (ppm) 1.59 (d, 6H), 1.60 (m, IH),
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WD 2006/ 127815 PCT/ US2006/ 020085 2.03 (m 2H), 2.04

(m 1H), 3.00 (m 2H), 3.43 (m 2H), 3.45 (m 2H)
w@2®8/1tseptet, 1H), 7.63 (t, 1H), 7.90 (d, 1HCT/VSHE6/020085

(d, 1H), 9.04 (t, 1H). Preparation 2: Synthesis of

-A I
2SRRI SR r A 94K iP5t aper 1,
7.63.(t,REDpAasaid,dil)p7.96 (d, lH), 9.04 (t, 1H).

4- (4-{[(2-1sopropyl - 1H benzoi nm dazol e- 4- carbonyl am no

et iPyéparatip 2t Simchdsiy bmﬁﬁrbwlpmm@hmﬂmmléomufuoscync acid
aci ¢ bi-‘;f&&h&ilhﬁﬁﬁ eridird4m gﬁi&c gfr)'boxyﬂ ¢ acid

2-i sopropyl benZol m dazol é- 4
a. Freparetiordofv-(44 {2 -isbloply)-aHi- st 7 dint d iAol d-4-kabeadpintih€]methyl} -
piSerfitn-0.virhéth§Bpifbmdihe-l afiokRliosQaRINBNG] R M)  at

room t enperat ure _under nitrogen was added seqluentl ally
NN- diasypreapion of Rysepioné- 1Ebbenzogridazole-4agrbexylic geid (piperidin-

|
4D i vis wiluopoacetate (6,84 &, 12,95 mmol) in dighlorpmshane (65 mL)
at {0dmlibm@erafde BEdeMMittogen vad lad&&d@egﬁ@ftlﬁﬁ? &, ](/'-'ﬂnmﬁro@l&hylamme
sodi um tri acet oxybor ohydri de )

(198 325 0LDi heplwion erle(t%vébu@@(wafb@iymlﬁeﬁémetﬁewb@@ﬂmde
h
@4, B Dot RS it B st i

. SAh g, 18, Paiinkl). aYie fesedinp atikale Wat EhrlaM R/YYGA YEmperature for 1.5 h,
hydrochlorlc acid until no 15 product remained in the

thepragigified tomisbwithHa é@iﬂ@uﬁbmdra@me@%clda%@uwéammd

rerlihfel el i o BB D ras TR L e o R B i Rl oo
prddheﬂ“reﬂmirkaﬁ?ﬁ £ o\t\gdnh: sliagé |Me%ﬁibhﬁaﬁ%qumds Hayess Wérethtshed with
remai ned in the aqueous phase, and the comnbi ned

dlcblog@netbameay@crlgd w@tb?{é and\basiifidsk torpdT 12iwiith dodiver hysloakidepellets.

o S e o
aquildue éé@sanﬁﬁl%jcdﬁlﬁlﬁ&ié@ HEEME‘I fs washbd e b8, drfe'&l oZ/)sr sodium

EﬁNH- + cal cd for 3N503 498. 35: found 49
sul Wicrpdsind cofcentrated to give the desued product as a brown 011 (5 4g,

| - LH benzoi.m ar c'
10 PR 7 P vrih VRE SR ORRG R fong: S BTRgR, GG R cated for
Co 1, vt 4983 5t RinAeRIisous st ep (5 4 g, 10. 8 nmol ) was
di ssolved in 25 dichl oronmethane (40 nlL) and cooled to

b. esig bF 2 i 4BF RIEEHL %n@&hﬂd . zmclrb{’)\?vchc 01(f ( LQ;D@@% Yhe
ﬁﬁg P@%ﬂ%—%—ﬁfn:eth@ %% v

rat ed and co evaporat ed tw ce

W| t fﬁheipmhharocfmm pravieus stey ec41@, 10T &3 wh dRgplveBindue
di ssol ved in _dichl oronethane (20 nL), cooled to

dickogeractiensi (¢ B Rosledgal i amﬂ@ewc@mcwﬁmbm@ded

s .allo tor

and (88 stlndion, S aed %6°%; 158 aBeneP b hertBidEise oh B sppeentrated

and’@ﬁexrab&%%él tWidewiRle @lcRIkdhéthh AR Yacl. ’Iﬁg résﬂltﬂ@‘%b’sqdﬁeowas
ford a light gray powder (3.09 g, 7.8 29

d1ssd1|vadhn\daﬂllcnrsmdtham (20aul), ool ér 0 PUraind basaﬁedamth QOW wiw
3H35 98. 29; f d 398.4. 38
aqu[eousHs]odlum o>f(1(c)1re ((.’;'8 m’fﬁ "l\‘Ee scﬁut?on was al lizsped to warm to room

temperature over 10 minutes, then filtered. The solid was rinsed with acetonitrile and

dried in vacuo to afford a light gray powder (3.09 g, 7.8 mmol, 72 %) which was used
without further purification. (m/z): [M+H]+ calcd for C;3H35N50 398.29; found 398.4.
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WO 2006/ 127815 PCT/ US2006/ 020085 Preparation 3:

Synt hesi s of
wQ2a40en278but yl - 1H benzoi m dazol e- 4- car boxyl i ¢ ap€TUS2006/020085

(1- pi peridin-4-yl met hyl pi peridi n-4-yl net hyl ) am de a.
Pr eﬂ@ép’ﬁl‘aﬁﬁn at Synthems of 2—tert- uﬁl—lH-beléjtgmldazole-4-calg)oxyllc acid

9pe%{ erJ42H]o egﬁlslg UH on ¥ nobenzo

1% nobenzoi ¢ aci d

a. P@bﬂ’}iﬁo@&ﬂ?—&mﬁﬁ%ﬁﬁ(ﬂZ diBeBy Hlanvlﬁnéoméﬁm B&d oft@hyTleter

at roomtenperature was added Z,”Z-di met hyl propi onyl
chl é"pu acF@h(thn'Pfé;3 digminpbenstig acid methsd fesfet @rd gyalS . Smimolsi

t
poipk B A9 o SABREARERS yAT 02 LSRG R 59058 1.7
14 oyainoD h IThe is6lutién thaf dideeddt for T01E Qb %ﬁﬁ)ﬂe& and IBSR:sMBE partitioned
separ ated, washed with 1M aqueous drochloric acid

betweep ethy) acetts 90 avlarand d Yl paraogs, hY@p@hlaml aad G}l The organic

o e TR ARy A G i ove

sodimhlsﬁlf@tafah@ Bvapordt&d to a{fMi'cth tRR| @ehpothd add ik 3N40F o,
found 250.8 b. Preparation of
10 §ﬁfﬂ@fﬂt b B l/vwhlmlwf@é ﬁae@ whitlatk e perifidation] (7e)a EMdeA caled for

I th t of the previous step (2.7
Cl%ulgd gl 14 ?0 %ggggeous hydr ochl oric acid (100 L)

to afford a

dglvaporated to

af f Afsliur?h@f thy gf&l@lbtl &Tthéjﬁr&ﬁ‘)luﬁ st‘éf) éﬁ I?% 10 Elnﬁno% in 4M aqugous
i nter ate as a brick-red soli 91
hydpychlgnig acid (JOMp] ) wessticredfupder zﬂiocrmoetomma homo permbus

sol%l}cgb 3Iihe sot"VRt \(vgso@vj_a}%tedlqwsgoxyf %\g h?/gfgglglgg'lde ﬁaﬂt ot(ﬂqe tlt?e

intdPrRRfAdsi a%hdkfre&s&ﬁd(& 3 £rd g bl 91 % (m/z) M+HZ] caled for
- 1H benzoi m dazol e- 4- car ‘bonyl ) anm no ])

C1zﬁ1é\&02(ﬁ1ﬁé21f®adﬁd&91 IEENMR &ﬁOeMszDMBOds): 81(ppm) 845 (d, 9H),
3. 33 llflf&uﬁy@ !LI@ HenAdi Hlazol e- 4- car boxylic acid

hydrochl c%rl de (1 ]il % gf 37 mmol ) |n anhydr ous

am@tembwtvbestet 75 mol ). The sol ution

mamdmgalﬁmmﬁm
1RSSR P IE G et et kgponia
(1.14s4, er37(xﬁmgly i mﬂﬁz@&swmammlﬁﬁnaﬁﬁﬁ% ni]%ldzéwa@iedw 1-

1, 4-di azabi ce/clo [2,2,2] octane (1.46
carkagylimgfanies(0. B #78 amael) SHe obrionevas, iaredl et/\m:‘i’Ct for 2 daothen

20 th
B S 300 0B S S S e
addwﬁSﬂiHGiwad byh1 Madidabicgélofsd,2]octhhk ¢H40¥ET3 ﬁﬁﬁ)ll)u Mhé Wo1hBbLwas
concentrated in vacuo to afford the title

Stlrlieﬁt%?@ré?dfoatl 6 hy allayedgo cgoliandrdityted with wgtenkdlothLiversd etbcicetate

(OO R RIS Fed, A ol v G d o w5568

dneB@Vét&ﬂﬁﬁ SRPROBR cohcedifRRPIMAab®Mo afford the title intermediate
-tent-butyl -1 H benzoi m dazol e- 4- carboxylic acid
(1. 3@@ ééﬁ,r@mg], 43 %) which was used without further purification. (m/z): [M+H]"

caled for C;3H34N4,05 415.27; found 415.5.

gzRinyidazoletdearbonyl)amino jmethyl} -
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yl I met hyl am de 4-
{[(2-tent-Butyl -1 H benzoi m dazol e- 4- car bonyl ) am no] net
whgiop/1281Her i di ne- 1- carboxylic acid tert-but yPCEES®06/020085

(13.5 g, 32.6 mml) was dissolved in 4N HCO in dioxane

d.P 2aq ) _tand ; e %in5-4-h'

ybyﬁhﬂhﬁmﬂldélde salt of the t|tIe|nerrred| ate (11 3 g,
%2 543 g??é{t-Bﬁ 1- beélj(zgiinﬁ)iazoﬁév&-'é%fbof\iﬁé&‘iﬁn&%ﬁe’cﬂw&e-1-

oun 1H NVR (300
carbb He 4c3d teBtDutylless® (1315 g439.6 nﬁn@lw@nﬂlssmyed 3. AHChin @mxane

(ZOQ;m pgbgfrgﬁ(qd% ﬁgqu temperatuxge for 0. JS'_}? The resultmg Sgll(g Was %mre& %
attof] i ehd s Eitnduibiror i RAGGHAbARE ol £ & 2ms haoll Sav)r

I peri [ met y)plperldlne | - carboxyllc
(m/@(:ﬂl\d+1t{]§“rda1ddlibyclgébné40 J15.22; fu&pie?rilél Hn H)NMR; 630 MHgGD20 +

Me@Brd): (i bier Kb 90 G DB i D £ AT £ LD 88 sy 7:56
1H), 2 g(f‘%ﬁg thane (55 nL) at roomtenperature was
adge , N’di'I’sopr opyl et hyl amine (1.71g, 2.31 n), 15

Pl_ : rgt _ol? ¢ Q%Ig{eb Qm%d2 D BEL ok RGeSl PR3 SaR iR thyiy -

0, SOOI U Irla pOr onydr 1 de
HFEE }I{e;]gqu il este ting

m dela §usW@1§s1or§$ﬂthé B ¢l sfaﬁQimtt@fmﬁlt}&tllH _Berfzoimidatvle-Hen
extracted wth 1M aqueous hydrochl oric acjd.

carlooylic aed (pigerading-ylmedyd)anide(428, il &8 pgoh in ilﬁh{;air?fﬂethane

m h | |
S S S B SR g 29
1- (z‘éh b%@o;&\éﬁboﬁﬁﬂm%ﬁd%& Suhibokadetydt (252, BN evapoandtsedium

he resulting residue was dried under_high vacuumto

tnagetmeybardhyghde Gr 2Rl S48 taeh genuentipllyp Therpitmegnuggre was

s A B ARSI v By i

Thegﬁf(ﬂﬁlhﬁ&i QBusl ers were basified to pH 12 with sodium hydrox1de pellets then
-tert-bu ben20| m dazol e- 4- carboxylic acid

extrapted enttddmhlmommy Thie gewmbisier ongm;cﬁﬁﬁrhwreadﬁeéévzesodmm
Sul%e( %ﬁf’[e(i?nil EY3PoAied)| The regufing fosidys e drigd adss hlr%ﬁ YSmn to

1V91arlﬁg %%vhlsh foam (4.9 g, 9.6 mmol, 87 %) which was used without further
pip 1-yl nethyl plperldlne 1- carboxylic acid
puﬂﬁratlellnu(w/iz) ENHET] cgle@ purGaHalsOnS51hed, sy Pbhd: st ep

(5.1 g, 10 mol) was treated with a m xture of
f. Syhihksislof Da@BbLUY1-AEHbnEditniddzoleahdardorlicacihilt pinerdine
VihothAbipeAaim-4-ohRakiijautige f or 0.5 h. The mixture was

concenfrated i n vacuo, redissolved n dich|oro ane
( 25Cmde i Gkt b Wth?nmm%o&q% T ek
Xjde (f,ggi,\épéa
p1pte ﬁ«‘ie’ingl glg%eﬁ 53& ﬁ’ er mreéf] g%l(l?lrg gﬂwz@%’tﬁfug ch I or orret h aag gﬁ the
preVitRs Gt@ﬁ‘lqs neg 10 fgasl) Waphra&ted;wbhraanntture df wiflworoaseidti apd (40 mL)

sul fate, filtered, and concentrated cu 0 afford
ond tehioesioieane bt o AP0 13, 558 ke &

cortcrwéégs %,ﬁaﬁ?& Q98 ?soé\b 5%103( 3 m&ne % rﬁLﬁarﬂﬂﬁlsrﬁea%vﬂ@ M

|
f ound
aqueous sodium hydroxide (15 mL) The organic layer was removed and the aqueous

—
Y

layer re-extracted with dichloromethane, The combined organic phases were dried over

sodium sulfate, filtered, and concentrated in vacuo to afford the desired product as a
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412.6. Preparation 4. Synthesis of
4- (4-am nonet hyl pi peri di n-1-yl net hyl ) -

w@eentmihe-| - carboxylic acid nmethyl ester 5 aPCT/US2006/020085
Preparation of

bropgfh (5l PLSLE 6920 HT TE Qrda) B PR Aoy Ayt Boun

415! ution of 4-tert - but oxycar bonyl am nonet hyl pi peri di ne
(3.62 g, 16.9 mmol) in dichloronmethane (100 nmL) was

addpgh, | Sy npRdsisi e 4lalﬁﬁ{obﬁ>em§1pfpeamlﬁt1nm{wﬁyl
est t d (0.96 nL
Thesﬁeééﬁgé%s s?f rfggg a?tﬁ?peo?n&(leol fe?rglerag ure forglo

a. FFbghr R dnf 4 Q- kFEbade{darisdhyRimif 8.8 8] piperidin-1-ylmethyl]-
D HAGEOXYRALARY, H'ﬂ&h&l@s&rg 25.5 'mmol ). The final

XtUre was stirred at roomterrperature for 1 h. The

r eatd a@BIuViBS of 4%%6@)& Bohydasinogehglpiperida (S®dig)16.9 mmol)
bi car bonate sol uti on The m xture was
in dighlprpmedarnai(109 WLy wes a@dﬁéﬂh%m@quomdm@)l -cgtheryligecid methyl

o A 1 D45 4 S g DT AP % rom

tent ?dtﬂ‘é@or 10 mueysridus kHd Adithn oFodivastkiasdibiydar Hﬁdm 548,
p%roma\t ography (CH2C12 to 5% MeOH/ CH2C12)yba dhgl di n( s

25.6 Ingmol) (T friah mtarechy e ir(ed 24 Tagyn tepmeza)ture oL fiThesseacion was
N304, 370, 27
e i RRGL i1 e e Sy B L PAp s

extPMd witlicHlordiBdthatle (€60 ) Cand tBE btghm@ Nayef was dried over MgS Os.
4-[4-(tert-butoxycarbonyl am no- et hyl) pi peridin-1-yl

Evatoyatjon themrg@mc dolution alferdedrprieyelew @ilyaesiduye. E§Y9érpunﬁed by

ol ot e PRty 2L PRS0 ST RORy CBROERbioRg e e

inteithedlafe @ L4 500} VPAJALMES forlMY§H ;3RO BT®D7;W86nd 370.5.
evaporated in vacuo, yielding the bis-tri f uor oacet at e

b. SHiiesRi 048 d&ﬁlhbﬁeﬁgﬁ@dﬂg % @&hﬁ%%&ﬁiﬂemc&bbxyhc acid

sSed Wl ur rea
e Cd for ClAMRTNGO2 270 22: found 270. 5.

1 H IT'M% sﬁ%@}‘ 4q4g%9mut6x§hafﬂbhzbﬁmlgdﬂnet@5)§ (p'éﬁd{nﬂl ~yidthyl]-
plp]:nm lece(rbnxyHH)lcld Iﬁxejhyileeten (4. {;g,n?t(h& gimolpfn dlchloromethane (20 mL)
2- d
wal | HEER R BENIGD FILS: SEReIRS B th ot Smmssgyre: e

sol'uh&n @5 gvaB'Slta'f@ﬂl inSa&&, yleTcﬁnétlﬁQﬁﬁﬁﬁﬁio%hc@tfate salt of the title
-1 sopropyl - 1H-benzol’m dazol e- 4- car boxyl i ¢ acid

cor(melpldpisral lenyelloy aib wijdhpw preused ivithout fntbetiysapmentd €m(zy. [HH]"

ol BB AT T AT 8
<mtﬁ®s'zwg S 0185 200 zgi.%en%gﬁaa@“%w

Th rofor ded “dr opwi se.
e st r @ fo

4-@:(' Ogr%p Hﬁ@gﬁ-f-carbonyl)-
it amaﬂ “E&%ZPIBB'I{'?'BI‘ Fhge 'mme thwi‘gacxﬁ methyl ester

PreR3 aastulsﬁ/e%sfélli o¥\9 130%9&")}& %}Fﬁ&zgg{d%g) Q%%Qgﬁé acid
(1-piperidin-4-ylmethylpiperidin-4-ylmethyl)amide (2.9 g, 7.3 mmol) in dichloromethane
(50 mL) was added N,N-diisopropylethylamine (1.05 mL, 7.3 mmol). The resulting
solution was cooled to 0 °C, and methyl chloroformate (576 pL, 7.3 mmol) was added
dropwise. The mixture was stirred at 0 °C for 1.5 h, quenched with acetic acid (1 mL) and

evaporated in vacuo to afford a beige solid (4.8 g) which was purified via preparative
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reverse phase HPLC [gradient of 5-10-25% (5-10% over

10m n; 10-25%over 50 mn); flowrate 15 nL/mn;
waledearisoh at 280 nm to afford the bis PCT/US2006/020085

trifluoroacetate salt of the title conmpound as a

TR P e B R g
flow H?@ I%Xﬂﬁf?llw s 'd@ée&mr?at%%n%{l@aﬂgﬁ RY 8fs tﬁﬂﬁbﬁhce’fat@ s&lbof the title

Synt hesi s “of

CO]’l‘é})O(lﬂd 84 4 ﬁfhlts eqﬂlcb@yﬂ g1 e o7 (a azet)e IM+BAT esdesyfoy CosHaNs03

15630 RSB LS P Yo Y D REEA 5 345 3.0

mir2- 1 sopropyl - 1Hbenzoi m dazol e- 4- carboxylic acid
(1-pi peridin-4- 10 yl et hyl pi peri di n-4-yl net hyl) ami de

Aple: %?r )o ql -{ 196 B e%tzl% @-4-carbon 1)-
chlgf?‘aﬁ’fol) ? f. l???‘ff?b vvas s 85'%({1 y

ten‘i?é"rrature for 10 m n, then concentrated in vacuo and

f & f N

el Splth pAROREBLY Bty o PlIaF Subbfic i1 B drcin-s

ylm'éﬁl 1Md1ﬁ4gﬁnbd1y?81ﬁld% (022 053 mmol) and 4, ]%dnscﬁprbm)lethylamlne
+ calcd for 15 C30H39N503 518. 32; found 518.

(0. ]NI\tRL]{ BﬂﬁMhromM(ﬁQ)nL)sv@s(fpﬁyd phenyl ghlg]g)for(rmte (f,_?ﬁ)pL) The

i wap sB3ed Shigopempip e St g i coricftacty i gich gga
purtfiBd @&Q&regé’&*aﬁ@é yelde pAase HILC & Hford thebif ﬁ"lﬂLZ)H)acetate salt of the
4.04-4.1 4.18-4.26 (m 111),

t1tlél_¢d)mpo'itmﬂas 7 vsmte(snhd (994 nig, 043 msl, eﬁq"/) )1 {myz): [M*HZI% cplegdor

Caubbgith 538 i una s 605 MR [V el apt® om) 114128

(mzz}{)sg@bq]p%jr%%@og]%glmﬁ 01}9 flmqrﬁsogfylzm 2929 d6lim, 4H),

pl peridi'n-4-yl me
2.8P42095F (nali 6F1)43 321338l }ZH)] 343 Bd()e(nsdﬁ)eh&fyrﬁ%m 2H), 4.04-4.12

<mflﬁ>§?t§é?4’%q A RO R ST VT o h Tt 8 . 1D
7.48.7. R 47>73 Iy JWWM% 16864.0-. ﬁt(bfsoQHD
enpe aft vvas addé di i sopropylethylamne (2.0

2 q'lc L %E}ﬁla ﬁli()ﬁﬁl(ﬁ’z le%ngarboxyhc acid {1-
SUSEC fw&gz wg ﬁéaﬂw& glowsslaﬁaloiywy‘m%ﬁha;'}aaﬂde
(1.04 %u;pgpg% g?gllgc{pr&gg 1 Db REAL 084 'Ehfgok'ifl?c a8

stirré m'tenperature. The sol ution

(1- ﬂ@éndlﬁmﬁy‘]ﬁ{litﬁyaﬁlpéhdlﬁ-mmylhhﬁdd (éslug t3.28gmned) id mﬁrahydrofuran
diluted with acetic acid

(7, €
(264nb) etveomtempeetuse VRS adsded %Nrdé%wgeylsﬁ\gg@%? @p(gi &t i ve
s PR Bt Gt SR RE T e

resamgrsu@enélaly @fas gl@myamearadcm@ebaquymsoﬂwém g,5.82 mmol), and
re-extracted with di chl oronet hane, and th conbi ned

thedpigcglﬁnénlwmwgs slarsaselar Qidtnatispemderpgratyze. e solulen Was
coric%% aLe Hﬁ&%u& Qcai ﬁ{é{lfﬁgg ?&u{d% d}]é@éﬁ%%ﬁ g e@i'c‘é@tldt(h% ﬁﬂd %rﬁiﬂrvérater

as &
(0.5 mL), and the product purified by reverse phase preparative HPLC. The purified salt

was partitioned between dichloromethane and 1M aqueous sodium hydroxide, the organic
layer removed and the aqueous layer re-extracted with dichloromethane, and the
combined organic layers washed with brine, dried over sodium sulfate and concentrated in
vacuo to give the title compound as a white foam (1.75 g, 3.26 mmol, 62 %).
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WD 2006/ 127815 PCT/ US2006/ 020085 (mz): [MtH + cal cd

for C30H38CLN502) 536.28; found 536.3. 1H NVR (300
WORW/12BMSO- d6): 0.90 (br m 2H), 1 24 (d 6 HrCT/LIS2056/020085

(br m 2H), 1.68 (br m 8H), 1.96 (m 2.72 (br

(miB): 1[3(11%@] %%8@ fc(r;&g%’}'%:mg@ §§6 28] @gﬁl% 53643 H(@(/%g@sgégﬁﬂ

DM$D- dgf: ©60 (dn, ZHH) 1.29 (Mﬂplleass r &, l2$i)ng6$>(mﬁs&e)$1 96 (m,
simlar to that of Exa except rep

1EQ. B G o SFDOHDE Ol S a2 B ARt oo R et D, 428 (m,
h d I 4-6 d.
2RI, T T AR AT 684t T, Szl o- A car bt T 6
4-di fl 10
ﬁgk%vﬁ% ‘é%l di nI 4- ;ﬂrgt hyl ] pi peri di n-4-yl met hyl }

| 8 30;
FoungnggoGtsssilicte ebfof Bt BBy
o- d&f&ﬁbﬁérl%@yl@%&fndé witihthe apropAatsichloridltrdslyBht( $@Qotplayunds of
DMSO- d6): 0.92 (m 2H), 1.30 (m 2H), 1.38 (d, 6H),
EX@HB!?SGrﬁmereppr@b 1.90 (m 6H), 2.07 (d, 2H)),
2.73-2.85 (br m 3H), 3.05 (t, 1H), 3.22 (septet, 1H),
ExamBBe 41 52-{4spronyl-3 Hybensoigaidgziole-d-carbbikyliczacid {17 52, 4-difluoro-

B eg%méglplgsé%ﬁérﬁ?q&%@??lmna% bl ey : e

aci d {1lgdiba fofr@% S BNG@), b9IRY30; found 538.2. Retention time (anal. HPLC:
pi peri din-4-yl net y I'pi'peri di n-4- yl met hyl } ani de;

(m z) 216004 MeCA/HelO fower 4 ©28H37.A8 080492 NJOR (BUNGHz, DMSO-

192.2, 0L SOLTEI T Aok TELGS RSP E8 MOYeERo0 o

{21| ?szt@ﬁyaﬁg?ﬁ?%m -98188 Qban A3 RBB(Y, 11D, 802 Gseptet, 1H), 3.38

car bony (Or i, D A (a4 11Dt hy0-7H0per, Ei)N7.62 (d, ABDHLT T Gl H),

de; (m% ktf H# ~calcd for C28H37N502S 508. 28; found

508.2. R&l® H)ime (anal. HPLC 2- 65% McCN H2O

over 4 mn) =1.94 mn. 25 Exanple 7: Synthesis of
Ex2mipgapr @-pgdprdp*yﬂ-hﬁhhmznmnidzzmll@4¢arbaxﬂm(gd1d él-@h—(ﬁlra{nlz-carbonyl)-

fl f | h -A-
mlfl ](2p| B’ggﬁggmsrﬁiﬂrfﬁf‘;‘;h H?%Ed;%%ygt@ oY aRBe [ 2 I TREd for
2- 1 “Of@m%amds' mrmmugbqn@t&t@ﬁ'tﬁné@% 0L CO248%

mol ) in i met"hyl fof mam de (4 room tenperature
was addhté(ml/(ﬂ@a)zxab@numl?ﬂémﬂnnl - yI )- 30
N, N, N, N -tetranet hyl uroni um hexaf | uor ophosphat e (200

Exng 1% 4§ Eg@lr(%pa/rl T%@zﬁﬁlﬁﬁﬁzo‘i@ﬁ etk EIadd {1-PL{Phiophene-2-

er at
2 i sopr epybnyl)difreidpiyldethol|Epdridid3-RcANGniaF §ht): [M-+H]"
PCT/ US2006/ 020085
caled for C,gH3a7N50,S 508.28; found 508.2. Retention time (anal. HPLC: 2-
65% MeCN/H,0 over 4 min) = 1.94 min.
Example 7: Synthesis of 2-isopropyl-1H-benzoimidazole-4-carboxylic acid {1-
[1-(2-fluoro-5-trifluoromethylbenzoylpiperidin-4-ylmethyl]piperidin-4-
ylmethyl}amide

To a solution of 2-fluoro-5-trifluoromethyl benzoic acid (100 mg, 0.48 mmol) in
dimethylformamide (4 mL) at room temperature was added O-(7-azabenzotriazol-1-yl)-
N,N,N',N'-tetramethyluronium hexafluorophosphate (200 mg, 0.48mmol). The mixture

was stirred at room temperature for 0.25 h, then 2-isopropyl-1H-benzoimidazole-4-
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carboxylic acid

(1- pi peridi n-4-yhnet hyl pi peri di n-4-yl net hyl )am de (210
worgo62748 nmol )  and N, N-di i sopr opyl et hyl am neP€DUIB46/020085

m., 0.96 nmol) were added and stirring continued for

further,. Q. : [.on: [
carfiphte R S h B SRR L RUADREALE G 0Tl TR mmol
and Fadiiptopdietidldiing %04 §Hml) %os\eaimol) Gvere addedGnd Sttrmgaontinued
50 5 mn); flowrate 15 nL/mn; detection at, 280 nm
for adurher Gk 2ih.+ Fhe solusiop pas|eyancsaied iyasug and thsreruderpgodycf prified

conmpaund | te Sl 0 2 108594
by FRPBE SRR MdignRS s O TR grea B L TR O oyer 50
miDBBow-ratdai5enl/inan; detéBtionan280 nitdPloGifford Gd%bidMeiENokE@etate salt of
over 4 mn) = 2.39 mn_ Exanple 8: Synthesi f +
thegitlesopwopyd 2siawhisesdidi78 & 09mmal, tféi’{v}- i Qw/%é: ﬁ\éﬁﬂ- calgsl for

CoipR0) §$§ﬁ§9;%ﬁ%§§h{gg&%ﬁkm HRES LliNafLY! FRbILENDR,0

ovet-4 B E=IN3YY midt benzoi m dazol e- 4- car boxylic acid
(1- pi peridin-4- ylnethyl piperidin-4-ylnmethyl)am de

((jiZZEXEQ 18: 3 niRks) oﬂ@ﬁag;oiﬁ@]lﬂegeﬂz%ilﬁiduzoleA-carb_(l)_xylic acid {1-
L L L, R e g OB r-4Fmetiy-
(14%?"2‘9 , 1.1 mmol) fol |l owed by

o- f bqéﬁ'p‘?gw‘f-ﬁﬂ-ﬁéﬁSifﬁﬁé‘io@e-ﬂchboﬁ%r@aci@ (RpipeHBh)4- The
resultirng m

xture was stirred at room tenperature
ylngatkeylpipgtidin-4-gloretehlemade@2D mg; &cdonomot) wisalisselied ireN, V-
.purified b re ative reverse-phase HPLC to for ‘
dirfefi fprgamide B Eh BebaraeHPETEr. Ladis LSRR
i pHIA AR (P2 3 Reh) TIBv o1 87 Hhordldizoeyagse
(7Retren0 56 mrolye TharestltinpRliCtur® we S SGrheiChit¢d20 tamvesraturerrvieinight,
= 2.09 mMn. Exapple 9:; nt is of .
consepHpd Bhyacuq pp zw%%gﬁ%@h@&%% FPeregigsg HPLC to
afdélgﬂgﬁﬁg%ﬁggom% RiiP&Tthdtife o SRIdhla)liRaklidi(92. 6 mig, M
0.12-thimioh) 22 4. -(A4) iz dattalzfot €508, N n6P6i3¢; faind 535.2.

1- pi peri di n-4_yhnet hyl pi peri din-4-yl met am de (40
Refggiibn ety HEe G108 oV BN 0 Ry A = 209 2
di met hyl formam de (1.0 nl) at roomtenperature. To
t hi Exaviple 9:0ynhesiseffetsonropyl-dH-benroipidazeley-eanbeeylic acid [1-
( 0. (Fmethanesulforyilyipevidindodmiethybpipexidis-ylmeghyl]amide
chl ori de 11.5 ng, 0.1 mmol ). The m xture was stirred
at PdsarerApét-hengpanidarole-g-aarboxplnacid Shewstidacdd i n

R R L0 B I il SRRV NN, o

dirsé@hylf@matdide (110 ME) sioopaLBthpasituae Wb ties salbiich ¢2s7adledd V-
.30 0.04 mmol, 40 %9. (fez/z): [MH + calcd for )

diigopaepyiatsdasing(8.137 mly, durerolAgliowed pmsthanesylfppyhehloride

(anal o {HPLG: o Q. av in)..= k0. 44

o8, R R a r0

coieRirites ilsvaetio and the residue purified by preparative reverse-phase HPLC to
4- (4-% (2-tert-butyl - 1H-benzoi m dazol e- 4- car b_onXI

afford the bis trifluoroacetate salt of the title compound as a white solid (27.2 mg,

0.04 mmol, 40 %). (m/z): [M+H]" caled for Cp4H37N503S 476.27; found 476.2.

Retention time (anal. HPLC: 2-65% MeCN/H;0 over 4 min) = 1.66 min.
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am no]

-met hyl } pi peri di n-1 -yl net hyl ) pi peri di ne-1 -carboxylic
waeood/1oBthyl ester To the crude product of Pre@BUS1000020085

3 (2.4 g, 5. 8 nmol ) in dichl oromathane 5 (29 nL) at

(1. B8 spfpdortafichiot by LR Ry Gybony.
to Bngh‘éln'&e §‘Hﬁ‘ dr f‘lﬂ'ﬁg Igp% %I%EI;#gcarbovg@ 1A ;nethyl

was ¢Hekled dropvm se. The reaction was allowed to vvarm

e 1SS Ean gL kol ARaatab 24 & 0 wlliaihiorgpelipne
(29962} bitrodfaltEnbtatufeived addoll Y RIdFHoA0y 1By Iobif gbyé 1.6 mmol).

reversed phase preparative HPLC. re
Thowesultiog dnisbiod Wesicoqiecﬂﬁocﬂﬁ(bammbfhlahdﬂmﬂ)rm&r(édo wig, B 9B 'vhmol)

sodi r.oxi de. The eous | ayer was
wol GRS S ot Ll PPl GG HATR 1 S0l (s o airred
forQrfAARdrCl Ol BHE Mhe SYRIBE WallcbibRirh@E, en Qfids6cf Yr?ﬁo @ogc'efwhmd in

sulfate, filtered and concentrated to give
waigd mma@@mfm by eevepsrhphasedrepardive HiPToC., TH8rklting solid was

REANCRERES I B O T,

aqlfeﬁils I%\Z% Wk e&%aéltéd (v%ce %*%1@1&1@%5%&?11 zfggnfl%@ L‘Z%}blﬁgd grggr:f)ic layers

-2.94 (m
washeE4mth 15816( dmedZdH)er sGdlﬂﬁ stiffate3filkere® aﬁBecﬂm@x&ra(téﬂ to%ri)e the title

7. 46 1 7. 79-
confpqitia 5 gy *arfgam (e SEtingl o8 Von (E'%znngsa] el EaHN:0;

TG 10,4, " NBIR BTG, MeQISEER GBAPL 510 (om. 149
(s, PHpGet ] 71(ﬂme4H)]rthﬁmOS (mf 41&;@@1 2954 113; 813), 3VECLE40 (m, 2H),
e
35BS B B S5 Tk SE 08 2 4 2E oAk By SHAG H-7.74 (m, 1ED),
| |
7 7%%%3@{ ﬁ#)ﬁgf ﬁoerp’ﬁlﬁogi i)eri di n- 4-yl et hyl } am de;
lcd f C31H40FN502 534.33: found
534 ﬁgm&%%ﬂlﬁoﬁatfnp ?;nal HPLC: 2- 65% 25 Mecﬁmzo
o~ ¢ e BibbysSs finlie 1 ot GPABARICES 16 cxpopt sonlasing thg methyl

chlquc[rma(eavmteﬂieyabpim@mm)chlmde reagent, the compounds of Examples 11-13
Ip.ﬂ?e“ i n-4-yl met hyl ] pi peridi n-4-yl net hyl } am de;
werg F MkH] + cal cd for C32H43N502 530. 35; found
530.42. Retention time (anal. HPLC. 2-65% MCN H20
Exagnple 14 Znferfybutylol I3 bengimidazetptdecartBoxylic acid {1-[1-(2-fluoro-benzoyl)-
{th [erlt @Eﬁ%‘?ﬁb% l} g,'E) gt@g@]%nrrper?cﬁzm methyﬁa%ﬁéé/ l(;n(}z) aﬁ\/bgH] caled for
pi per | dlsmﬂ;ms@ﬁsiw?,i  BORRY 338 4)- RetthtoR fin Sanﬁmﬂi*bC: 2-65%
(infz): [ M calcd for 45 WD 2006/ 1278
PCT/ US2efeN 1 4a3ieHE@r50in. 534. 33; found 534. 4.
Retention time (anal. HPLC. 2-65% MCN H20 over 4

Exafipld 1Z 2%edibutyl-1H-benzoimidazole-4-carboxylic acid {1-[1-(3-methyl-benzoyl)-

piperidin-4-ylmethyl]piperidin-4-ylmethyl}amide; (m/z): [M+H]" calcd for
C32Hy3N50; 530.35; found 530.42. Retention time (anal. HPLC: 2-65%
MeCN/H,0 over 4 min) =2.22,

Example 13 2-fert-butyl-1H-benzoimidazole-4-carboxylic acid {1-[1-(4-fluorobenzoyl)-
piperidin-4-ylmethyl]piperidin-4-ylmethyl} amide; (m/z): [M+H]* caled for
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Exanpl e 14. Synthesis of
4-14- ({[ 2- (1- hydroxy-1-nethyl ethyl)-1H

whewsorsitlazol e- 4- car bonyl ] ami no) PCT/US2006/020085
met hyl ) pi peri di n-1-yl net hyl ] pi peridine-1- 5 carboxylic
acid megh r 0 0
2-(1- hyg?lﬁﬁgfﬁ%be 20 QSP&oﬁH@?é‘ﬁﬁ gg%%g?%l e (apal BPLG E8%7°

ylic acchrﬁzcaosa{mmmngfwz 3-di am nobenzoi c acid
met hyl ester (1.5 g, 9.2 mmol) in 4 M HC (50 rTL) was

R S
neuPF'é%%) Zg%élg%r (é I{}R!fl‘ﬁ bl 1peridine-1—

sol Gerheykeag "dfoncentrat ed to dryness The
Eleralet)(ij)x 'ca id

eparatiol 0! ; methylet!
and ITgQresgg&%h%Q 3"\@i§mn{db@ c WA& ﬁhe@ﬂ;ﬁ‘ %§ter (;ng,@gﬁﬁﬁlﬂm

sol ue was dissolved in ethyl acetate
4 M/&the(do mili) tves ddedt2-bpdrokisohutid zmld d?r §1 g 7cvmmol) T4 mixture

I d
wal PR o i M2 e Ty oA SR v5e g Rayedos Spgy, hypide
solufiGPt §18)3, afd o&:re Sed P@YAdss 1’Phé’¥3§1dh'§€/gs btﬁﬁ/ﬁ_ﬂlﬁdn@ﬁfethanol

step W t hdut urt er purification. + cal cd
and ﬁltereﬂlﬂﬂrbﬂg?d\ﬁﬁﬂer&%j)eﬂ The fﬁdnma wag &oribenﬂ&ﬂedxlaml ﬂl@&ﬁﬁ:@)e vBas
nnéeéf) hglb (l%gg;g%%%@g;ogﬁ gecégdue ]\-V@S d1ssolved gn eth}]fl@cetate and washed

Wlﬁ‘l t{rfhegﬂu%oﬁ 1Aﬁé(1dcfr¥g¥1ﬁ obgﬂ(@%? i&’)' Iedr:]l@ l)ﬂ:g)anﬂ: HoREiBE Waltamedid in

carbon T am no}
vaerm, fieldipg the titldiimeredizie box pale yelhow dilied 0fyingk sTher crud&Oproduct

wap sl EnAe Reb pY O bAIS het RIBLC0m - MBI Io% he
Ci ] Ngg?ﬁgdaﬁo tﬁﬂ?ff %1”19 ! I\Tlg[%n("%f}) ]ﬁrbe@%ﬁtﬂé’@df‘lﬁ)? hQd, 11),

7 hylnoRyhoNg ak) azol e (HOBL) (0.43 g, 3.18 mmol) i
di met hyl f ormam de (50 nL) was added triethylamne (1.3
b. S%thc%is%fmnm 020 h DB lnddhylethyl)-1 H-benzoimidazole-4-
N mgm‘%&@&h}f%%%b&%e&*ﬁ WAL RB ORI R1 methyl ester

S0 Mol )T The 2o mXture was stirred

at %Qiﬁoltﬁféﬁ&ff M beRzbididdd]dcarbirglic acidpaédudt 8Cthe revious step
dryness in vacuo. The residue was partitioned between

(0.dige Bi18 munel).Hhaw @m(rmmthﬁ_plpmn@, prodretaf Prepsatipm4 as the bis-TFA

T

dlrﬁéthylfdrﬁﬁlhﬁ@@(solth)/\@& ided ti@ByIvinR(€3ahBl9.Y ﬁnirlﬂ} ﬁut N-Ethyl-N'-
provide the bis-trifluoroacetate salt of the title

(3-dmbﬂm@ilnoprﬂpz’))calpmhﬂqndedﬂaﬂmhbﬁde @IBCMQ\@D& Fpmmol). The

i e el bt PAn T h b Bped iR o

Th('—: Ii’éé‘iauez;va% Ertﬁlo(n@él b&b@een alcﬁto?o@eﬂﬁne @b m19. d sBturaled sodium
H), 3.6 (s, BH), 2.9-2.75 (br in B5H. 2.05-1.9 (br

blqarbo@at)e T11e @aammlay@nwps duedlgve(r MeSqP4) andievappragige dramess yiclding

a P&FT /3 ?%'[oglgfl(rgszlﬁ a&@s _qu%g IW P&p%ﬂtl)ve %ﬁ_ﬁl % provide the

bldo@imetdabaaté Qhlgofithe %ﬁllawﬂfbund (m/z) HM+H] caled for CasH3Ns04
am no} net hyl ) - pi perid yl met h pi peri di ne-

472.29; found 472.5. Retention time (anal. HPLC: 5 30% MeCN/H;O over 6 min) = 3.67

min. "H-NMR (CD3;0OD) & (ppm) 7.9-7.8 (m, 2H), 7.6-7.5 (t, 1H), 4.0 (br d, 2H), 3.6 (s,

5H), 2.9-2.75 (br m, SH), 2.05-1.9 (br d, 3H), 1.68 (m, 6H), 1.15 (m, 4H).
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1-carboxylic acid nethyl ester a. Preparation of
2-(2-hydroxy-1-neth

wo y@bhyi8)s 1H benzoi m dazol e-4-carbox |ic aci d PE&I/U82086/020085
solution of 2,3-diam nobenzoic acid nethyl ester (2.1

n
5. ri;e‘ﬁ W’%{%;apwgpfg rgi{e-Gt¥asy-y tggleg}yli
bengpdmjdazqleed-ear, uyuamﬂso}methxfl)sﬂlmrldnyéfylms hYﬂtPllPﬁl‘ldllle-
It Wrmlﬁapldz@@hbfye&ige of aqueous sodi um hydr oxi de

1:$ol utLon . . The
2 .é‘ lic acid

: ot H : t
f: 2 ng %{%P i t1o lo}" ?ﬁe(ﬁ%g%n%olbﬁ ;A‘Ifgi)éceécécﬁ tl}yg gﬁt?ﬁ% qv%"\@ﬁ lmmol) in

4 M| m@wﬂg iwas e Er2-aR thyl3 styaeb:xipiopidfidadid m%ﬁﬁy‘l adter (tSEhe

aqueous sol uti on was evaporated in vacuo yielding

42.8 immel); Theapiviyp atas S@t@e‘ba‘f N&Qf)@ foredd ot wid nqutrgbizedrhy) use of

aqt‘:l;gﬁﬁ i dﬂgﬁ hg&ggtégg n Lf'({% f)i ¢ t %fem?ei rgtgﬁ i%i&)fygpss ?He residue

waifélibbﬁlﬂiﬁa %31(1%%1{%9 an(f ﬂlﬂél@d a&%l_%}; a ﬁl’fb o (A%@Bﬁl@)ﬁlﬁ?te was
m 1 1
congp}}tratgl @he(xmnamg soild4'es(1 e wggdlgqq}vedbn v@;@nané giaghagif widh gthyl

acef]‘até {’h%e eB\YS sro u)%%{lﬁzv egﬁ%olgg ! E}Gh@'u'c}*ﬁe %g thrgl tgt 9 m]termed1ate asa

am no

palb patdw bﬂl PLI0BIThEN. MEtrel crécy PROd06k infas ASddCin RS Mk st@p bthoutRirther
a salution of the benzoi m dazol e carboxylic aci, d

purgfcgtioe1(md): &MJeH%rC@MdCfQSCﬂHaﬁV@ 223.09; fornd 22| H-NMRe

R 'ﬁ@e BT aRePOA s QoS8T ghlinnf 1 il T4

308t (0. 237 g, 1.75 mmol) in di msthylformamde (50
m.) was added triethylamne (0.98 nL, 7.0 nmol) and

b, Sifhesis Yr 3 93- (%rz (b- ﬁﬁr&gpi }neﬂl{Jﬂ&hﬁgm&zmdgﬂg jed at

LCU..U 0,
c&uﬁé)ljl;?éob 10 QPé‘-YR% acid methyl ester

parth hisQnatn Q%%@ﬁ‘zmﬂgﬁt%lgr %ﬂ%‘&lé %L%Qu{[;c)f (e Previous step

saturated sodi um bi carbonat e. e organi
(0.46r g, d 7 528mol)ethe I\agﬁ@(taethw@lp&mdnmm(badt bOPEparavEss as the bis-
- i el din le y Iowo residue. Itvvaspurlfled by
f%‘P’é’ﬁﬁ?tétg g@(%ﬁc{ 6??‘8? }%ﬁ% 2378 il 5 uBmeRdat at e
O R harhlog (00 R 305 st o, 8L 7 g el Dlefg =D
(0.353rg I(Sérmﬂnol) HAAeGnix t1ir@-w3 WitveChY tdamh tempEraﬁlrede’t)IZ% 31:1(3 1

cone?ﬂtraiq]q) s(wdeazedgpédo prggsgé_, %h; re(% e 335 ,palglt@ne%]aetgleen

dlclﬁlﬂ)ome'éha%e pS”O T%%'de }_%‘tlﬁ‘él%ﬂ g?&gn%tﬁl;ar%na?é_%’% %{%ﬁtﬁ%&%as dried

ovenMgSD42ﬂQdeﬁﬁﬂiﬁtbﬂ & AfynelS2 GidhYi AP H418 Fellodldily tesitab. It was purified
by RN ELIREG 2w s ParthHEOMHE B o e tte %%%m@ )
(/NPT Sl B PR PRICRRPDES: R 1215E REGhAH Y (R e .
10-408% OIECNAHOapen6 min) = 3.31 min. "H-NMR (CD;0D) & (ppm) 7.9-7.8 (m,
2H), 7.6-7.5 (m, 1H), 4.0 (br d, 2H), 3.85-3.7 (m, 2H), 3.6 (br s, 6H), 3.3 (br, 2H), 2.9-2.6

(br m, 6H), 2.0-1.8 (br, 4H), 1.7-1.5 (m, 6H), 1.4 (m, 3H), 1.1-1.0 (m, 4H).
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5 Tabl e |

Mol ecul ar
WO BrocAZHRs phenyl
C27HA1LN503 484.32 484.2 18 tBu phenyl
532.32..532.
igonal
0 ; T !
0 andnistinl il

546:

00 HNOR?2

(;: NHWN Rl Exanple RL R

[ MtH] + [ MtH] + No. Formul a cal cd found 16

&

19 tBu - CH2- phenyl C32H43N503 546. 34
viide,

s f gabys

34 498.4 Table Il O

L35y e M s

C31H41N503 532. 32 532.2 17 i RT/UR006/020085
C31H41N503

Tags I feowerz poepacetl dndirharac2iizedBoy MlassGhttdaaaNG O bR 118%ing
0,6 , 2

5
tabfespblanke

516.4 25 iPr

C30H38FN502 520.30 520.2 27 §ab

516.4 28 iPr

i Pr C30H39N502 502.31 502. 4
Hﬁsé‘é‘g.?es‘@’dé%@ﬁz 24 i Pr CH3 C31H41N502 516. 33

23 i Pr

F

CF3 C31H38F3N502 570.30 570.2 26 iPr F

teIcCH3 C31H41N502 516. 33

CF3 C31H38F3N5OZ 570.30 570.2 48 WO
2006/ 127815 PCT/ US20$6/ 020085 Exanpl® R1L R3a R3b W

2
R3d Rae Mbl ecul WW;O O,R
H
N
N

HN—4
~<R1
Example | R! R? Molecular [M+H] [M+HT
No. Formula calcd found
16 iPr -CH;-phenyl C31HuNsO3 | 532.32 532.2
17 iPr iPr Co7H41NsO3 | 484.32 484.2
18 tBu phenyl C31H4i1NsO;5 | 532.32 532.2
19 tBu ~CH,-phenyl C32H43N505 546.34 546.4
20 tBu iPr C23H43N503 498.34 498.4
Table IT
o) 0O R%*®
3b
O
H
N 3c
N R3e R
~<R1 R
Example |R' |[R*® R R* R* | R*® | Molecular [M+HTY | [M+H]
No. Formula caled found
21 tBu Cl C31H40C1N502 550.29 550.6
22 iPr C30H39N502 502.31 502.4
23 iPr |F C30H33FN;sO, 520.30 520.2
24 iPr CH3 C31H41N502 516.33 516.4
25 iPr | CF; C31H33F3N0, 570.30 570.2
26 iPr F CsoH3sFN;05 520.30 520.2
27 iPr CH; C31H,41N;50, 516.33 5164
28 iPr CF3 C31H33F3N502 570.30 570.2
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No. Formul a cal cd found 29 i Pr
536.2 30 iPr

Cl C30H38CI N5sO2 536. 27
CF3 C31H38F3N502 570.30 570.2 31 iPr

WERHB6TIBEM INS02 516. 33 516.4 32 i Pr
536.27 536.2 33 iPr

i Pr

OCH3 C31H41N503 532.32 532.2 34
F C30H38FN502 520.30 520.2 35 iPr
C30H37F2N502 538.29 538.2 36 iPr

Cl  C30H3sEI™NESD06/020085

FF

F F C30H37F2N502

Ehaplc2) R53§ K2 JRT Pr | R°F CBAF3 [RZNG gm&aaarzg 8] IB|MAH]
NoPr F|F C30H37F2N502|538. 29 533.2 BBormPle F F | caled found
Loy Ho [EpeNaUZ bdthlZQ PSS 2 L4U Pr F @0}1@1@]@627 15%55@2 536.2
554 26 554 4 41 ipriCFE3 CF3 C32H37E6 638 129 538 b
4307 P Ry |F C30H37CLERB02 554, 26 55hCoHssi¥sQmpy | 330y | 5702
C3pFB TG 2602 570, 23| bfy- 2| 44 |1 Pr vc,g—ﬁuml—lsqlfﬁgl@@g 516.4
586.29 584 2 5 iPrlCE3 ElC31H37E4ANS02 588 20 588 2
282( Pl Ry [F C30HB7C1FRE02 554. 26 554CoTGsppr| Bogs g 3362
C3TFAUCHEN503 526.78 boor? |48 I[Pr (BINIBN60R53237 . 3L 532.2
52721 49liPr g C C30H37ZC12NB02 570 23 570 21 50 | P
F3¢r3 |@1e7F4Ns02 588. 29 588.2 51| Fpi=Oe31H#RB02| 5202
5497. 31 @22 52 1Pr | OCHFZ| C3TH39F2 N@gﬁwﬁzﬁﬁoﬁo 5@398 538.2
53 t By} O |E C31H39CIENSQR 568,28 563 54+ Bul- o 1
c38H3d@2NB02 584. 25|584. 2| 55 |t Bu BB SD | 5352
541. 32 541. 4 GFrtBU|©CF3 C32F40F3NE03H600L6,1 28 | 5382
57 t B4 CE3 F C3PH30FANS02 602 30602 2 59 + Bul &
38 rd@FNB02 568, 28|568. 2| 50 |tBu PEREER0. | 53820 | 5382
CIRHA2GHNG03 5808 30 5580. 2 (60 fBu CNCLEZFAIDEO0R53849. 3P 538.2
541 4| 611t Bu-Q O C331H39CI2N502 58425584 2
T40° |iPr | F "CT Caol3,CIFR0, | 554.26 554.4
41 iPr CF3 CF3 C32H37F6N502 638.29 638.2
42 iPr | Cl F CsoH37CIFN;O, | 554.26 554.2
43 iPr Cl Cl C30H37C12N502 570.23 570.2
44 iPr OCF3 C3 1H3 8F3N503 586.29 586.2
45 |iPr CF, |F CoHFaN:O, | 58829 | 5882
47 iPr | OCH; Cl C3;H,4,CIN;0; 566.28 566.2
48 iPr CN C31H33N602 527.31 5272
49 iPr | Cl Cl C30H3,CLN;O, | 570.23 570.2
50 iPr F CF; C;1H37F;N;0, 588.29 588.2
51 iPr CN C31H33N502 527.31 527.2
52 |iPr OCHF, CoHolN;Os | 568.30 | 568.8
53 |tBu | Cl F CoHsCIFN;O, | 568.28 | 568.2
54 tBu Cl Cl CyH3sCLNSO, | 584.25 584.2
55 tBu CN C32H4QN602 541.32 541.4
56 tBu OCF3 C32H4QF3N503 600.31 600.2
57 tBu CF3 F C32H39F4N502 602.30 602.2
58 | tBu CI F CalLoCIFN:O, | 568.28 | 5682
50 | tBu | OCH, cl CoHoCIN:O; | 58030 | 580.2
60 tBu CN C32H40N602 541.32 541.4
61 tBu | Cl Cl C5;:H;3sCLN;O, | 584.25 584.2
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49 WO 2006/ 127815 PCT/ US2006/ 020085 Exanple Rl R3a

R3b R3 RRa R3e Ml ecul ar

[ MeH + [ MeH) +

No. Fornmul a

w@a0o6d28eind 62 tBu F CF3 C32H39F4N502 602. 30 BORU2006®0085
tBu F CF3 C32H39F4NS2 602.30 602.4 64 tBu CN
C32HAONGO2 541.32 541.2 65 tBu OCHF2 C32H4A1F2N5C3

- 582.32 582.4 66 tBu C31HAIN502 516 33 516.2 67 tBu §
ExahgleCBRHABRB02 [530. 3URB30. UR™ 68RY Bu| 1@pRRcuEzB2H4 [M+H]
N&84.31 584.4 69 tBul F C31H40FN502 BBumglp 534 |Falegg | found

T B C3ZFAURINECD[ 684. 3L 584. 4 [0, HEUN@D, | 602.30 6022
C31HAQCINSCOP? 55029 5502 wio) Bu—CF2 C32HAGFINGER
563, 31 U5BAF4 73 Bu| OB CBOTMBNG02| B N B3, 52 by | 6024
TR O B31FH40CINEO2 b6RN. 29| 5502 7HhCLBNOCHI | 541.32 541.2
CR2HARNSOR '-_\AIG_ '2/! L'\4" A 7"‘ Bi—F F r\o1=_|nnl|:ni\||—m
R A e . 82.4
569 310853 4 77 tBu| PORFTR1HBOFoNG (o e gE fo52d? 7S
TR F|mBCITASIRZNGO2| 552. 31 554. 2 VO, HRN:Or F |516.33 516.2
BCOR_552 31 652 4 | 80-+4#Bu—-FE—E£31H39F2NGQ2
k 5304
58%. 33.@52% 81 tBulE F CBIHRIF2NGOP BB %] 593’.834 8
T8y F| @By OCIEFNGO? 568]28 568. 2| C88.F:Bs0.CAS8ERE | 584.4
C33H39EENE02 652 306522184 i-Pr—OCE3—C3HH38FRNG
. 332 5342
583 29 UBBd o 8B | Pr | OCE3 C31HISF3NGCHLEBY B9 b %
860t BU (6F3 C32Fd@F3NSC8 600. 31 600/ 2:,HaF:Ns®u (TR 31 584.4
T-7=4321-140F3NR03—666-311-6002 50 VO 2RPE 1RI8E5 | 5502
P& uS3Bba/ 020088 Table 111 OlO CiiHioCINGG; '
72 tBu CF3 C32H40F3N502 584.31 584.4
73 tBu CH; C3HisN5O, 530.34 530.4
74 tBu Cl C31H40C1N502 550.29 550.2
75 tBu OCH3 032H43N503 546.34 546.4
76 tBu F C3 1H39F2N502 552.31 552.4
77 tBu F C31H39F2N502 552.31 552.2
78 tBu F C31H39F2N502 552.31 552.2
79 tBu F C31H39F2N502 552.31 552.4
80 tBu F C31H39F2N502 552.31 552.4
81 tBu F C31H39F2N502 552.31 552.2
82 tBu Cl CaHyCIFN:O, | 568.28 5682
83 tBu CF; CF, C33H30F¢N504 652.30 652.2
84 iPr OCF3 C31H33F3N503 586.29 586.2
85 iPr OCF, C3;H3sF3NsO4 586.29 586.2
36 tBu | OCF; C3,HyoF3N504 600.31 600.2
87 tBu OCF, C3,HyoF3NsO5 600.31 600.2
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N HxR3 HN~1 R Exanple R R3 Ml ecul ar
[ MEH] + [ M+H] + calcd found 88 i Pr
w@2@UoMNe?2 469. 32 469.4 89 i Pr

C28H42N603 511.33 511.4 90 iPr

No.

For mul a
N( CH3) 2
nor phol i n- 1- yPCT/US2006/020085
CH3 C25H37N502 440. 30

440.2 91 iPr tetrahydrofuran-2-yl C28H41N503 496. 32
496.4 92 i Pr -CH2-thiophen-3-yl C29H39NsO2S 522. 28
522.2 93 i Pr 2,2-dinet hylTabled@ll C29H4A5N502 496. 36
496.4 94 iPr -CH2-thpophen-2-yl C29 NS02S 522. 28
522.2 95 iPr cy 2y \{\J:Z 5 36 508.4 96
i Pr (S)-1-nethyl sfu3Ns0d 4dp. 3% 482.4 97 i Pr
- CH2- napht h- 1-y| A 3N502~5H6. 66.4 98 iPr
cycl opentyl C30H4ENWNS0)2 508. 36 508.4 99 i Pr
(R) -tetrahydrof uran-Ztyl C28H4A1NSCG3 496. 32 496.4 100
EBU foran-2-ylC20H39N5OR 506,31 506.2 101 t Bu .
2#ple (i ophe®3- yI  C30H41Ns 2 BMstsgulgdommda of MY ¢ By | [M+H]"
™ 5. dinet hyljpropyl C30HA7NS02| 510. 37 510. 4 | celsd t Bu | found
- GB2- { FropheN@Hyk C30H4A1NSO2BCRBANSR 536. 2 46804 t Bu| 469.4
t$y— 1t hyt - C20T=345NSR2-—496-36—496-4—4 05+ By
- & hapht h- P i ENS02 5BOYSE SB0. 4 1108 P hu 5114
(RY-t etfrahydr@ur an- 2-y| C29HAGABEB,(510. 34 [5m0.3d 107 4402
By (B4 OO s 2y CR2RHEONGE3— 509325304
108 tBU pyri e T 2 NG DAY 5 531 29684 wo | 4964
2026/ 17815 |PCH-USRBHE-020085| CHAHN®,$ V R5h 52R28a R5¢ 5222
Og9 I3y 50 2,2-dimethylpropyl CooHusN:O, 496.36 4964
94 iPr -CHg-thiophen-Z -yl C29H3 9N50zS 522.28 522.2
95 iPr CYCIOhCXyl C30H45N502 508.36 5084
96 iPr (S)-l -methylpropyl C28H43N5 02 482.34 482.4
97 liPr -CH,-naphth-1-yl C35HasN50; 566.34 566.4
98 iPr cyclopentyl C30H45N502 508.36 508.4
99 iPr (R)—tetrahydr ofuran-Z—yl C28H41N503 496.32 496.4
100 tBu furan-2-yl CooH3oN504 506.31 506.2
101 |iBu -CH,-thiophen-3-yl C30HiNsO,S 536.30 536.2
102 tBu 2,2-dimethylpropyl C30Hy47N;50, 51037 510.4
103 tBu -CHz-thiophen-Z—yl C30H41N5023 536.30 536.2
104 tBu (5)-1-methylpropyl C2oHysN50, 496.36 496.4
105 iBu -CH,-naphth-1-yl Ci6H4sN50, 580.36 580.4
106 tBu (R)-tetrahydrofuran-2-yl C29H43N503 510.34 5104
107 tBu (S)-4-oxo-azetidin-2-y1 CosH4oN6O4 509.32 510.4
108 tBu pyndm—Z-yl C31H42N502 531.34 531.2
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56 HN "O H R N HN-(

Rse Mol ecul ar

Rl Exanple R R 5a Rsb R5 Rsd

[ MtH + [ MtH + No. Fornul a cal cd found

WA 0B6iIPBICH3 C31H42N602 531.34 531.4 110 i Pr FCT/US2006/020085
C30H39FN602 535.31 535.2 111 iPr
585.31 585.2 112 iPr
113 | Pr OCHF2 C31H40F2N6032883V31 583.2 114

C30H40N602 517.32 517.4 115 i Pr

545.35 545.4 116 i Pr

565. 30 565. 2
tBu F C31H41F
C32H41F3N602 :
615.32 615.2 124
125 tBu F C31H41F

3 1
TEr
49. 33~549Y;
599.2 123 tBu OCF3 C32H41F3N603

Bu OCHF2 C32H42F2N603 597. 33 597. 4

602 549.33 549.2 126 tBu C31H42N602

19 t
2HAANG (2

t Bu

CF3 C31H39F3N602
OCF3 C31H39F3N603 601. 30 601. 2

i Pr

IfBﬁmﬁB ( IXEH9. [4M+H]
U1FBNGO3 ¢ Balcti Bu | found
szfegf? 53134 | 5314
F CooHFNGO, | 53531 | 5352
111 | iPr | CF CorHaoFsNO, | 58531 | 5852
112 | iPr | OCF, CaiH,FaNGO, | 60130 | 6012
113 |iPr OCHF, CotHLaFsNGO, | 58331 | 5832
114 | iPr CrHuoNsO, | 51732 | 5174
115 | iPr | CH, CH, | CoHluN:O, | 54535 | 5454
116 | ir OCF, CaiHFaN:O5 | 60130 | 601.2
117 | iPr | Bu CoHaNO, | 57338 | 5734
118 | ipr | CI CoclnCINGO; | 551.28 | 5512
119 | Bu | Cl CoHnCINGO; | 56530 | 5652
120 | tBu | CH, CoHaNO, | 54535 | 5455
121 | @u | F CollaFN:O, | 549.33 | 5492
122 | Bu | CF CrHnFsNO, | 599.32 | 5992
123 | Bu | OCF, CrHaFaNO, | 61532 | 615.2
124 | Bu OCHF, CoHoFaNO, | 59733 | 5974
125 |tBu | F CoHaFN,O, | 54933 | 5492
126 | Bu ChHoNgO, | 53134 | 5314
127 | iBu | CH; CH, | CoHiNeO, | 559.37 | 559.4
128 | Bu OCF, CoHnFsNO, | 61532 | 615.2
120 | Bu | BBu CysHxN:O, | 58740 | 5874

52




8d H™MN\v-/NR6 ~R NHN( R Exanmple R R6 R
R8a R$" We Rsd Molecular 1 [MtH + [ MtH] No. Formul a

we@adoed2Beind 130 i Pr (S)- C31H41N503 532. 32 5BCT/BS20@64020085

131 i Pr oxo C31H39N503 530.31 530.2 132 iPr C
C31HA0CIN502 550. 29 550. 2 %@I Pr (S)- C32H43N502
530.34 530.4 CH3 134 iPr 2- C33HA3NR@Z 542.34
542.4 135 iPr F F C31H39F2N502 552. 31 g2
F C31HAO0FN502 534.32 534.2 137 iPr

A N503 546. 34
. : £02 548. 33 548. 2
143 tBu oxo cszm&$&503 544.32 544.4 144 tBu O
C32H42CIN502 564. 30R'565.2 145 tBu CH3 2- C37H53N502

60042 60 1 npt hvyl r Vi | 1 A6+ Ry (S f'")’JLI/Il:Ml: 2
Ekﬁﬁﬂ.38}543?4R7E;B§ThﬂﬁfeﬁyffzimiEfIgg‘ B3> 55l | [MHH]
Nosse 4 148 {Bu_ O _C| C32HA1CI2N502 59879809 2 | found

1Bu Fifr C32HEMF2N502 566 32 566. 2 [ 150 BynEo, | 532.32 | 5322

C32H42FN6C2 | B#i8. 33 548. 4

131 | iPr 0X0 CsHiNsO; | 53031 | 530.2

132 [iPr cl C3HiCINsO, | 550.29 | 550.2

133 | iPr g% CuHiuN:O, | 53034 | 5304

134 | iPr -(CH2)23- CsHiuNsO, | 54234 | 5424

135 | iPr F F CaHssFaNsO, | 55231 | 552.2

136 | iPr F CsHyoFNsO, | 53432 | 5342

137 | iPr Cl C3HiCINsO, | 55029 | 551.2

138 | iPr F |F C3HiF.N;O, | 55231 | 5522

139 | iPr F F | CyHyF,N:O, | 55231 | 553.2

140 | iPr CyHyNsO, | 51633 | 516.4

141 | tBu gi; CsHisNsO; . | 54634 | 5464

142 | Bu F CsHiFNsO, | 54833 | 548.2

143 [Bu| oxo CiHuNsO; | 54432 | 544.4

144 | tBu cl C3HiCIN;O, | 56430 | 565.2

145 | tBu CH, 2- CyHsN;O, | 600.42 | 600.4

methylpropyl ,

146 | tBu g){ CyHiN:O, | 54436 | 544.4

147 | tBu -(CH2)23- CsHiNsO, | 55636 | 556.4

148 | tBu Cl Cl C3:HyCLN:O, | 598.26 | 599.2

149 | tBu F F CHyFN;O, | 56632 | 566.2

150 | tBu F CiHi,FN;O, | 54833 | 548.4

151 |tBu . | CR CssHipFsNsO, | 59833 | 598.4

152 | 1Bu CF; CssH,FaN:O, | 59833 | 598.2

153 | tBu cl CsHyCINSO, | 56430 | 564.2

154 | 1Bu F |F CsHyFN:O, | 56632 | 566.2
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151 tBu CF3 C33H42F3N502 598.33 598.4 152 tBu CF3
C33H42F3N52 598.33 598.2 153 tBu C C32H42CINSQO2

WG os3078564. 2 154 tBu F F C32HA1F2N502 566. 32PGBESD06/020085
53 WD 2006/ 127815 PCT/ US2006/ 020085 Exanple R R6 R7

[ MtH + [ MtH + No. Fornul a

Rsa R8b R$ R8d Mol ecul ar
cal cd found 155 tBu F F C32H41F2N502 566_32 5664

156

EtaBple3PHIBNGB2 5BR* 3&2"5BB%4 Tabl|& V| Mdemrs N REGUN| RMHHT
Nb P7 | H\t+ Rl Exhnplle Rl R7 Rsa Wbl eclifrapla For nugaded | found

[REAITRpL MFH| + No. d¢al cfl Tound 19F | PC,KR,NOH | 56632 | 566.4

CITHAZNGN3 538, . 37 538 41 158 | Pr |G31HA7ZNEQR 52D 27

556. 4 Bys9 {Bu (R) - 0H CB2HAONSCS |552] Salai®za | 1864t B0

C3ZH49N502 536. 39 536.4 5 Tabl e VI 0 ORloa N-O

HN~-~ R9 Rlob N HN-4 Rl Exa
Reple

Mol ecul ar [ MtH] + [ MHH] +

i Pr CH3 C32H43N503 §46.34 546.4 162 i Pr
C31H39C12N503 600. 2 69{(2)V©

le R RO Roa Ro

rmul a cal cd found 161

R1
Example | R' | R’ R® Molecular Formula | [M+H]" [M+HT
No. caled found
157 iPr (R)-OH C31H47N503 538.37 538.4
158 iPr C31H47N502 522.37 522.4
159 | tBu | (R)-OH CrHaoN;05 552.38 552.4
160 tBu C32H49N502 536.39 536.4
5
Table VI
N N)J\(O
H N R R10b
N
/
HN
£
Example |[R' [R® [R™ [R® Molecular [M+H]" | [M+H]"
No. Formula caled found
161 iPr CH; C3,Hy3N;503 546.34 546.4
162 iPr Cl Cl C3;H3,ClLN;05 | 600.24 601.2
163 iPr CHg Cl C32H42C].N503 580.30 581.2
164 iPr | CH; CioHisNsO3 546.34 546.4
165 tBu CH3 C33H45N503 560.35 560.4
166 tBu Cl Cl C32H41C12N503 614.26 615.2
167 tBu | CHj Cl C33HyCINSO; | 594.31 595.2
168 tBu CH; C33H45N503 560.35 560.4
10
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163 i Pr CH3 C C32H42CIN503 580.30 581.2 164 iPr CH3
C32H43N503 546.34 546.4 165 tBu CH3 C33H45N503 560. 35
whadsA278166 tBu C C C32H41C12N503 614. 26 615PQT/USBF6/020085
tBu CH3 C C33H44CIN503 594.31 595.2 168 tBu CH3
C33H45N503 560. 35 560. 4 56 2006/ 127815

PCT/ US2006/ 020085 abl e } O NNSRL~ HMNO

N HN-~ R1 Exarrple R Rll 1 I\/blecular [dHH + [ MtH] +

No. Forrmul a ca i Pr TN5OBS

476.26 476. 2 et Hyl i boxgzol - 2y1

C28HAON6 A4S 557. 78 ®957.2 1 " Pr>=- CH2- phenyl
C30H4A1NS(BS 552HR94552.2 172 tBu

2, 4-di net hyl i soxazoR! 2yl C29H42N6OAS 571.30 571.2 173

t Ru - CH2- phpn\/ C31HA3NEORS. 56631 56625 Tabl LY O
RIEaamale Rt IRRi1c H S 11 - N YoReusy gIMRHIE) ;%%\ﬁg

R1Nwa Ril1b Rific Rila Ml ecul ar [Rarrpe [ viigpied ng | found

Far myge clabed found CoaHyN;O58 | 476.26 | 476.2

170 iPr 2,4-dimethylisoxazol-2yl | CysHyoNgO4S | 557.28 557.2

171 iPr -CH,-phenyl C30H4NsO5S | 552.29 552.2

172 tBu 2,4-dimethylisoxazol-2yl | CyHgpNgO4S | 571.30 571.2

173 tBu -CHz-phenyl C31H43N503S 566.31 566.2

Table IX
4 1c
N o}
HN—4
R1

Example Rl Rlla RI 1b Rllc Rlld Molecular [M+H]+ [M+H]+
No. Formula caled found
174 iPr | CF; CsoHssFsNsO5S | 606.27 606.2
175 iPr | CN C30HasNsO3S 563.27 563.2
176 iPr OCH; C30H41N50,4S 568.29 568.2
177 iPr Cl CaoH3CINSO5S | 572.24 572.2
178 iPr |F CyoH33FN5038 556.27 556.2
179 iPr CF,4 C30HasFaNs0:S | 606.27 606.2
180 iPr iPr C32H45N503S 580.32 580.4
181 iPr | Cl CyH35CINSO5S | 572.24 572.2
182 iPr | CH; F C30H4oFN0;38 570.28 570.2
183 iPr | Cl F CaoH;3,CIFN5O5S | 590.23 590.2
184 iPr |CH; |Cl CiH4oCINSO5S | 586.25 586.2
185 iPr tBu C33H47N5058 594.34 594.4
186 iPr | OCH; Cl C3oH4oCIN;O,S | 602.25 602.2
187 iPr Cl CyoH33CINO5S | 572.24 572.2

55



174

C30H38N6(8S 563. 27 563.2 176 iPr
wWOe®6AY8568. 2 177 i Pr

i Pr

CF3 C30H38F3N5CBS 606. 27 606.2 175 iPr

CN

OCH3 C30H41INSOAS
Cl C29H38CIN5QG3S 572. 24PGRSR06/020085

178 i Pr F C29H38FN503S 556.27 556.2 179 i Pr CF3
egol QI:QI\IRmC RQ@ 07{1060 [ 10 inr IPI Mfﬂun—i\l;mr\ -
Exagply B 580 4 | %81 |iPr Rczt% 08S § .23“57?’21“
No.1g2 i pr IcH3 E| C30HMOENSD3S 578™3%* 570 2 | “48% | pr ¥ e
18R 9HIPCIFNSOBS 590. 23 5P0. 2 | CedhoNsPpS CH3 588.28 538.2
C30HAACHNG O3S 5861255862 W‘R{%@g’?‘—
18%,. 312 504.4 |186 i‘I*Br acH3 cnéggﬁ%‘mh 94’ 60 >3L*
1602. Ripr 187 | Pt C&, |C29H3BCING @38LEY:D:24 H7532.29 535\‘3\@2
2006/-127816—PET/ US2006/-02006 5~ Examaie—R--Ri4
Bl 1c| B 1l Mol beul ar MEH] + | Ki 5%. Fq sl%?a cal 0%2
boungdipr 188 1 PF cE29H39NS(3BS E&&&Z&“{H&&SZ 608971 P 686.2
C29HBSENBQ3S 556, 27 55612 190 iPr G30H41INED3S
1882 pFrs56Hy 191 || Pr OH3 ced?qeﬁﬁéﬁa 5025389 555 2522
392 TG C3UH3GF3ND 3S bt@aaioﬁ@ﬁgﬁ 9320 Pr | G232
C3I0HUINS(RS 552. 29 5§52 P 194 't Bu_CN_C31H40NSORS
19%7. p®Busy7. 2 | 195 [t CF3 CI1HIDABNRSS (20288 60303
e S TRy [ Pr_CostéAT 594134 5H.ls 19%0LBH Cl 5944
8§OH4 1N5O3S|586.[25 586. 2 193é}?4t785u3CH3 E C31HA2ENSCORS
1984. BBWSBA1 2 (199 [tBu  F CGIDHBSCRNDSCII86084. 24 B04. 2
200 D LR Ol PO I A AINCM T oD N7 oNnQp 1D ANa D =Y
\v; o \w | Ao i K| BN = 748 W B O J 3 \O) WAV I BuU
1881 BRI TBE: 608, 36 608, AT 204 He ey g 540 | 5842
1(32{1;%;@;;1\5043 616.26 616.2 |20, EONGDR (@224 3N RS2
Bl 5—\R A
200 | iBu | CH, |Cl CaH,CIN;O,S | 600.27 600.2
201 | tBu tBu CasHaoN5O5S 608.36 608.4
202 | tBu | OCH, Cl | CsHoCINSOLS | 616.26 616.2
203 | tBu CH; CaHasN505S 566.31 566.4
204 | tBu CH, Cs1HpNs058 566.31 566.2
205 | tBu CF, CaHaoFsN;0,S | 620.28 620.2
206 | tBu | CH, CaHN5O,S 566.31 566.2
207 | tBu | CF, CaHaoFsN;0.S | 620.28 620.2
208 | tBu OCH, CaHysN5O,S 582.30 5822
209 | tBu Cl CacHaoCIN;O,S | 586.25 586.2
210 |tBu | F CaHuoFN;O,S | 570.28 570.2
211 | tBu Cl CaoHLCIN;0,S | 586.25 586.2
212 tBu C30H41N503S 552.29 552.2
213 | Bu F CaoHsFNsOsS | 570.28 5702
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204 tBu CH3 C31H43N5(8S 566. 31 566.2 205 tBu CF3
C31HA0F3NS(O3S 620. 28 620.2 206 tBu CH3 C31H4A3NSGBES

WG eH63178866. 2 207 tBu CF3 C31HAOF3NSCES 620. 2BCBRR2086/020085
208 tBu OCH3 C31H43N5O4S 582.30 582.2 209 tBu d

C30H40C1 S
57&@5%95 Agi"f wv%ﬁ S&ﬁr@b g@ggg Hﬁ%@ﬁ nyidazole-4-
21 2carbonybaminarethy lpiperidinsbylmethyhginegidine-1-c Oxyhc acid
C30mathiyhestes 570. 28 570.2 56 WO 2006/ 127815

PPCT/ uszo%g/ 050085 hExarr |E & Ql ?r”;aide synthesis of
a. metyl ester
car J@%ﬁ‘z{ﬁ@@ FBIdN elru P fhellrfs 4R édwé& iRIvPAL](#5 BfL) and

reparation of
coo‘ﬂecﬂ‘édfq@(mﬂﬁbs’éohﬂidhaﬁas@dﬂed dro‘pﬁﬁdb@@oﬂutmnaﬁ‘ ipdtaswitumydarbonate

ester 5 4-Hyd t d
(4SBT BowT AT e, Pl pyseihs] colReamnge (oS nfe

hIS o}
o4 g I bR AR ARSI it oo
terrfﬂe)atur% okt dAlyr siktihy bverhigat (fodn)mat ecacloh &umlre \8& agidified
). The m xture was stirred vigorously \616
W1th6mqwubhmmhlon%m WC@@&Idelﬁhlomeéﬁa@? i ﬁgm The
er ni h fi.ed
xR compaisd WSS RSk Hhed Ol o

eva\ﬁbid?ecpkbgyml@ﬂ@rtﬁtenﬁt&ﬁnécﬁam (6@ grB)1. mifiok 98%)aaatcslovlessmil. (m/z):
conbi ne dri ed over sodlun1sulfgtp and filtered. The

CsHisNQs apled s 1 o foupdr 46 &IMLEHE]G tH NMR (QOMHz, BMSO: dg): &

o TR S B T e T o L e, 5.5
LR s, om0
1?&’4- Ormy ) er%'l% 1 ()ﬁ’bo ﬁ: a%wmet:ﬁ péstérbr d, 2H),

D. Freparati on o

4 f % %ébﬂit@ﬁ lof Gkﬂ?}clﬂ@rﬁfefmﬂmhL% amrdomrm myhloﬁsﬁahanEQ4 anl) at
sol ution of oxal chloride (4.1

-7&d chamddn@dmwese(msomonaxf dlmfrt@yl@@fmée (eld%m} éﬁ&m@ 1)

oL G451 ol TPt

pipeAlibl 10 xyfic Byie et yf%tsﬂey 91 20, ps mnmgi im@ichtosumidibang! (5 enl)
acid nethyl "ester (1.3 i n di chl or onret hane
wag 5ddrd) Tlmgeuamlutrpnevase‘@npd ifcﬁgmg ud nun, thes tristhylangge

5390 IR0 S e DR PLER AR G e L e

stifeing f6¥ T B/ dichloromethane (100 mL) was added, and the organic layer was washed

with 1M aqueous phosphoric acid, 1M aqueous sodium hydroxide, and brine. The
solution was dried over sodium sulfate then evaporated to afford the title intermediate as a
wheat colored oil (1.0 g, 5.8 mmol, 78%). 'H NMR (300MHz, DMSO-dp): 8 (ppm) 1.36
(m, 2H), 1.83 (m, 2H), 2.48 (br m, 1H), 2.93 (br t, 2H), 3.56 (s, 3H), 3.80 (br d, 2H), 9.56
(s, 1H).

¢. Synthesis of 4-(4-{[(2-isopropyl-1H-benzoimidazole-4-carbonyl)-
aminolmethvl}piperidin-1-ylmethyl)piperidine-1-carboxylic acid methyl ester

2-Isopropyl-1H-benzoimidazole-4-carboxylic acid (piperidin-4-ylmethyl)amide,
(bis TFA salt; 1.1 g, 2.0 mmol) was suspended in dichloromethane (20 mL) and N,N-di-

isopropylethylamine (0.72 mL, 4.0 mmol) was added. When the suspension became a
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stirring for 1 h, dichloronethane (100 nL) was added,
and the organic | ayer was washed with 1M aqueous
w@bwspbmsii c aci d, 1M aqueous sodi um hydr oxi de, PERUS2006/020085
brine. The 25 solution was dried over sodiumsulfate
evapor.at e affaord th titleinterrrediate as a
Cle%w&ﬁiﬂoeo C&P&&clg iy- ?% Tulp 2) myod) waspddeddodlowad pygpelution of

4- fg 3 21!1(141%&@%2@%%{}/11%&@ g{%}y} F%@r (to(él%)%w x?n%ug%fi dggﬂé?ﬁs)methane

(203:0?:0 Afier siirri@g-for 5 Qmﬁfites g‘snooﬂi-{):mgeratllﬁiy rsghmm %a@étoxybgéohydnde
4-{r(2-1sopro H benzo| m dazol e car bon
©. 63%% %%ﬂﬂl %ﬁ‘%ﬁ!‘ [fq tha Teasto S)tlaieéé?rlaaq%monéﬁ} f@omi

use BCTaerdsiin B34 1K
e 339?fopys HBenz 01 M dasol - A ERERLy I B Ggyige (35 i) and

ext(qgtepiezvlﬂddmhldrqdlerﬂm:rh)(ﬂ xatimk). THdicenbihdd @ghiic laledks viere washed

S Sus di chl or onet hane (20 niL) and
Wltﬁubnn%%soa ’gﬁlﬂ?ﬂtw gvaperaieg thiyiel %c@dﬁ%fﬂ )1%@ brown
S‘m& When the suspensi on becane a 57 WO 2006/ 127815

006/ 020085 clear solution, acetic acid (U. 13
L, Tie Gudeptouctarasguiddidd foprbpndeeﬁiPIaC $1&|vettse ph)ase)‘ [gradient of

di | d
5187500 S0 R it 0.1 4 B Ay htineag ety i 0% MeCN
o B4 MO S0 TR LU Gon S o
prowidd theiétls emiduad as therbiettiffuoroaastateddltf whichhwad tlhan liFdj‘;ﬂlﬂ&ed A
G50t Laver vas Lhen mede ol kaltne wip T aquegus ©
1y0ﬁ§ﬂ1ﬁ£‘é&)619 Efﬁh{'b%‘a%et(a s’éltzq g‘o}%anﬂlﬁyd&%%'d?@g o%&?ﬁ G sulfate,

ayers were washe ne over So
filteyed, fant evapodated; apd) t}aatxeshlﬁmg saliel vlasdiyoystelipdad pfdw@@tha t1t1e

oo s S SYe OB (PR 2 et 8 o madly e s Bk noy in]
cal&f%Pc%éf/gN%zi‘f%@W ﬂ%ﬁ,\i,@r“ggz%&fe%g@\f {n‘e Aiﬂ%’ﬁﬁ@! 256 Rar

10% Me ear over :
Me€NSH® aver Gzmird =rﬂ_(l)6nnm FENMR (300 MEZ2BOIST] d):00.92 @mz}e), 1.30

(g h oL ERehSE G iAot SR o, B e adbum 250,

S e e

7.62(dgani).c7.Vays 1 Hjald). dr (bed, d¥er sodi um sul fate, 15
filtered, and evaporated, and the resulting solid was

I yltmguﬂl(;ﬁlqui szyugnesw éfcr §’tﬁllhiet4- -{[@ﬁﬁﬁtﬁﬁl@?{-ﬁeﬂ%iﬂlﬁlazom-
so 4- HEF 3-

,ﬁ%?hy B ?;nm ]Qdey' pIperid 51?/_% NSOSIBH!? Gﬁéfb ¢-1 c%boxyhc acid
456 ention time (anal. HPLC. 2-50% MeCN H20

8V 812-(4(5{['@-5@0 rop?l -08- Hé'hrﬂ}]om%%zwl\%df g%@(gndyﬂﬂmlwgh ﬂ?} eridin-1-
yhnﬂhyl)plpela@n@: I%rb(qxwlw ppid neetiny? egtes lmqmﬁotﬁsoruﬂ) fonm prepared

acc%rEglzg t% _Ql'gee‘)r?%e’s f_&xdngazlg%’lﬂ g}O%gfné)Z"yE ’ c?i§§oé%e'a|)(1{1 ’ace_fp_]}ljcnle (15 mL),
mixéd 68l mplé® disdoldtion, dnd dBosed & the abRsphiere }eduiting in partial

evaporation. Crystals were observed to have nucleated within 2 h. Chemical composition

of the crystals was confirmed by 'H NMR, liquid chromatography/mass spectrometry
(LC/MS), and x-ray structure analysis. Crystalline nature of the solid product was
confirmed by powder x-ray diffraction, differential scanning calorimetry, and x-ray

structure analysis.
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Exanpl e 215. Synthesis of crystalline
4-(4-{[ (2-isopropyl -1 H benzoi m dazol e-
wd2@anpmsnyl ) - am no] met hyl } pi peri di n-1 -yl nmet hyl p@i/ps2006020085
ne | -carboxylic acid methyl ester (Forml) 25
{[(2-1isopropyl ben e-4- can
o] HexHPE A pob TR of S fwn%-’g [;P%Sal’ﬁ"é’{g oo
aci dteahory)- %H%me}m?thYBmmeﬁﬁ'é‘éré Dinipeh ‘BF ylie acid

accethiyhgsteo(Fovm PBr ocess of Exanpl e 214 (300 ng) was
d

dlssolved i n _acetoni le (15
G of 4 0 i t;gd e

R B P g g o
a f18XIPORI rbdudin S3Qix@hre tWie co6¥8 tadd 09@s Pﬁﬁﬁﬁumnmﬂ)obyte 85.7¢,
NVR, |iquid chromatography/ nass spectromstr (L &gzv
15@q)id1xsq1w1 inratern (13 oy ang/siethyl ehlgrafamate @S Skl &1 ere
du
addlﬁaf“flﬁ]%@?&fn& lrn%b% t%{; éérl\@%tr?ta rhf% ICt:) élwlndg%ca or | {hrrgié F?/@%r‘y >

conple@Ythe $édct6h Higua Why whrtned P tHR0ZVO0C6/fa2T Bdilr. After the reaction
Fp S2006/ 020085 Exanple 21 . d&gt hesi s of

wa@c(yspla‘del digllorpniethgrfe(509 g}]j@mgyddq 5léq1rfgq;tpﬁnd§%ure The organic

layélrevc}:f?srcb gp%tsg( WCP" \é/asgiggggl nemtfo%éﬁc&kecpaoﬁwl Wbb me&}uﬁbted

sodRiR D@fasidnafe s8futidn YO @XY et &aﬁlrbteauspmunpbmoﬁdmmnymo:mm
acid nmethyl ester 5 4-Hydro tymat hyl pi peri di ne_ (47

The orgagicdayer wasl dvied ever(sg@gmmy} aigdp@ schayy&e) gl then fihsag%i under
I 9 93 30C. Pot
Vac&l&gb{gg@gg op i eghitifiels, G sﬁb?”ﬁ P iater (150 m)

hI 0 of or mat e L Er € added

UVV

L10C. When

the ” | on
e i ROV R (75,1 v
d1s§¥ﬂ$ed31@1rﬂid:}ﬁ61©mediaﬁb bad eortédiarte1 (E00A rs‘hl)mmsf suolidherel biaarbonate
the reaction mxture. The organic _|ayer s col | ect

(2.3he, QNh%P@cﬂndASg@ium vppidss@HOrS: ©- 1959 ISRt (107 HEbbas A S over
L d
15 350 b A R ORTE o B e

plpeflaﬁmo@cy IfRy e4divia STENPEY) (0821 , Doali aq)wmlaﬂamo(twm@gmfb
g) and then distilled under . vacuum t o pr.o

foltow@dthytnoela%mév ﬁ@humt@poqhéw(é S@luﬁ%%%ﬁ. 8lg)-1 £9) %Ver? h with

o AL S PR e P o

codpleth, FRLIMYErs Retetepdraktd and thelar@a@cﬂ )aytﬂa\sashddl ssthlwae (|1 510 mL)
di chl or onet hane and cooled to 0-10C. A sol ution

and dd¢d o sedinpontpie (3 2. B/ edb. Tihe solyjenhyas E?é‘%ﬂvﬁ%%y distillation
100 L dded
to Wgﬁeqﬁ%&ﬁ? W%fkﬁﬂefhgt r‘rg3| 12(?% drqa /ngﬁg [e t( enper a% u\erS a? Oelo

Trifluoroacetic acid (56.0 mL, 10 eq) was added to a flask containing a ~5°C
solution of 4-{[(2-isopropyl-1H-benzoimidazole-4- carbonyl)amino]methyl}-piperidine-
1-carboxylic acid tert-butyl ester (30.0 g, 1.0 eq) in dichloromethane (300 mL) while
maintaining the temperature below 10°C. The resulting mixture was stirred at 20-30 °C

for 2 h. When the reaction was complete, triethylamine (73.2 mL, 7.0 eq) and acetic acid
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foll owed by 10-13% w v sodi um hypochlorite solution

(135 nm., 1.1 eq) over 1 h with good agitation while
woreiontizismi ng the tenperature at 0-10C. After tPEI/US2006/020085

reaction was conplete, the |ayers were separated and

4. %Eﬁegr&?ﬂg Irw%gl %?’d%ﬁ]t@ﬁq%p e S(aggio\gaotf iﬁ%ﬁ&é%teﬁn%qjﬁ%%th an
appEfen Bt ofWBBrok BARVIOW thyt WhsSiskd HRbdtBIn 2 fiext BpVi de t he
title internmediate. (31.0 g, 90%yield) c. Preparation

d. Yniifesis3FRL QPN 1sbhBE 2O AR B dre CREREKIY- C aci d
ﬁxﬂ“retl' v'l}mnend}/r—i- dthy! géﬁdn{é '1}4&1%%%9%?&& ‘fnelﬁ_rf%l Oster o

0. U IO eq)” wWas ad

sol utpg Y%%eﬁdﬁfe(ﬁcérﬁ&ﬂﬂi@%fd théthPeRER|(25.4 QZPb %qfwas added to

car bonyl no] met hyl }-"pi peri di ne- 30 1-carboxy
theasolution @répatedtiy thegsteinug 86p Fhie niirdaipie thetemperature at 20-30 °C.

ASCE SRR T8k BB AR PR dR B s latgs added while
maﬁ{tﬁuhr gdthé‘ n%@ra%lrg af20-86¥C.2The re%f‘dh Ihﬁi@uré RssiiRBd ¥EexD-30°C for

onp iethylamne (73.2 ni, eq) and acetic
30 aund Af&@th‘m:@aaﬁma mﬁﬁlerec‘m\mmdmhl@zo 068 (3QUm3.) mias added to
rovide a solution of th

augioh et e T PHOuH-co TR RAERE Yo Ep BHeHEE apd Vashed wit
dlchwm%ﬁézé’(?ﬁg nﬂ; I 9%k |a}iuédﬁs idyer %Q(frea?t&deﬂlth Aetivardd Jhﬂ?dnS(Darco

2-1 s propyl -1 H bénzoi m dazol e- 4- car bonyl ) -
Geant golatetwiw) tdf remove color. The suspension was stirred for 1 hr and then

it e hedlel Gyt PP elbRe LBsRp! Voo SRR P Rgfeons

solf8&Lhnd %15 PZocﬁct RednR0d udRS 4@@%1{1@1 dltolilfdeﬁﬁil Al dsﬁﬁ% the pH of

prepare previous Step while maintai'ning t
thet aqup@xsdhyﬂr €& H2-120TB@of@anicAiyeewas bolﬂerCItedganﬂomasBeﬁ with water (300

T T R R
300 Hﬁ),r t%%ﬁ‘lb@é"% Rhiokdth &hARSind rédided 1 @An 3R CThe kolidGrere

ter the reaction was conpletée, 1 M hydrochloric
su@endhd(lﬁ @Cetori)rilegE00ad by dnd thelBixdure heted hetilrthasalidsiwerd figsoved

(~%§ﬂeﬁﬂwq %ﬁo%ij\?fésrr.‘ﬁ%g egi#g{t)iﬂ gwléea%l%rgo)vc\:’am?_rfg ?T_J}f éa‘i'%glé aﬁgheld for 1 h.
Thé gl %%\?g}fe&% SN Id 2f bhy ﬁkﬁ% 03B o mﬁﬁ& folRed By

fo renpve color. The suspension was
stnsinlgrat 6cb°Cdor 30 fmin. Téhﬂdohdtmerefﬁlﬂeteelraﬂd wéshaligith aoldedetohitrile

i TR ot T S ot
H of 15 th
coft E‘;‘%ﬂ%ﬂy’ié"gﬁﬁ E% 2r{;2ﬁft”?a§; Wes col Tected and
d| S xla %'L ¢ Qyngtglllflqe(g-%%gggﬁrmk? fh Y&Zoimidazole-
?‘H

acefloilr Dpinrdaes s hapytic acd
andm‘ggylcﬂﬁW( Iﬁtlhyl am ne. The solids were suspended

| e 551 Ll Pl A0S A BB i1
ylrﬁ&Hﬂrl%ﬂgéﬁtﬁﬁé 1J6h!1<bb5%5’zﬁd d Ryl @s@er(m %ogplﬁ)ﬁgkolimﬂmheﬂ)ﬁpared

he slurry was cooled to 20C over 2 h, and
acqonding th)thB-pS(@e&/@rE@mm P14 wes dispeyepdon the inert diluents listed in

Table X below. The mixtures were exposed to the atmosphere and allowed to completely

m

evaporate. The resulting solids were characterized by powder x-ray diffraction. All solids

were demonstrated to be crystalline with a powder x-ray diffraction pattern consistent
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stirring at 0-5C for 30 mn. The solids were filtered
and washed with cold acetonitrile (60 nL). The wet
W@ aM06/19%83$5 dr i ed under vacuum at 60 C for 6 h tPRCPUSW06E20085
the title conmpound. (28 3 g, 85%yield). Exanple 217:
Synt hesi s of crystalli

withythaireporterl hedesp %mewlwgwmhrwaa%ﬂawdf@m the sample of

nyl ) - am no] net hyl } pi peridi n-1-yl met hyl ) pi peri di
Exaﬂlgfﬁai%gr boxylic acid nethyl ester (Forml) 4-(4- {

[ (2-isopropyl - [ ol banyl ) -am no] net h
yl } pi peridin- | hf B%‘Bﬁ&‘wﬁaﬁ Jg)in?ldﬁcyﬂ P15 car boxyl i c
aciid mepfiyentest ef G&nﬁé&ﬁ@f%?mﬁ?lﬁ ()] T oV lundelog PAfuesk
acg¢ording to the process (tg{ Exanpl'é 214 was persed
in|the inert dilentsllségalnSOTbleX OV\L The
m Xt Biles were exposed to 4.5@ at nosphere andoaBDovved to
CO?L&I—GL-)L-—EV-&QJL&LQ The resultinglsolids were

char &oiclohpxag by powder x48§y diffragtion. A¥86solids
were 1TUT1 ldl_ElfU Ul:b lalll[ll:‘ \Iltild

X-1a )ﬂ@#?%g&l on patter n5?§2nsi stent |60 WD ggg%/ 127815
PCT/ US2006/ 020085 w th that reported below i n Exanpl e
220, which was obtained fromthe sanple of Exanple

21 Fxaraple 31%: Sybtlyesisofl crpissaHinert-@yH(2sepropyi{L febenzoimidazole-
Conpcarbdnyl)-ahtin ojmedh Y1} pipecidinyd-yide iyl piperidiqerfijcatimdxylic acid

Et haéth$l &PerQF3sM ICycl ohexane 4.87 0.486 Ethyl
acetate 5.67 0.284 5 Exanple 218: Synthesis of

Cr yds¢4a{[l(2 Iﬁ@pmpéfh1H{Heﬁzolgminzow-carbpméhzmmn]ma&wl}plpendm-1-
SRR RSP RSkl ey
was [d(ls%efs%@ B BR¥%he 4’?131% ?Qﬁ ShSREALEpSahRE Qpéf‘ﬁhﬁl B NAhARE 6F

yl ¥ pi peridin- I- yl met hyl ) pi peri di ne-I-carboxylic acid
10 mg/n‘d_yl Tlestobtionrwasrsoniohted ¢o dispdree Fargems¢lads, AftayP4 h at @mbient

tempgigts GPFoareR 22 harSeaiiahet i Sirufran Shegprpling splics

wer§§§o%é@ﬂa%&1u§r9ﬁltﬁﬁbﬁqario? tslhsRise | arger solids.
After 24 h at anbient ™ tenperature (approxi mately 22

gjlﬂﬁﬁﬁl@lzhbz@ﬂtﬁ&tmgt &;gi;;;fj -Sﬂf, f}%&?g{)ﬂgf Hcil;ozbo(:g??:ztll:

ana
4 (‘31 P’ esters I H- ben20| m dazol e-

4 cabanya, pﬁggrac{agw@@zp&r% gﬂo@g&%{ A1 Bl -

ylmethyl)p1pendme—l-carboxyhc acid methyl ester in amorphous solid form (38 mg) was

dissolved in a 1:1 ethanol:water solvent mixture (1.9 mL) at ambient temperature to a
final concentration of 20 mg/mL. The solution was sonicated for 30 seconds to ensure
complete dissolution. The solution was then left to slowly evaporate in an uncapped vial.
After 24 h at ambient temperature crystallization had occurred. The crystalline solids
were isolated via vacuum filtration. The filter cake was washed once with a 1:1

ethanol:water solvent mixture, prior to analysis.

Example 220: Powder X-Ray Diffraction

Powder x-ray diffraction patterns were obtained with a Thermo ARL X-Ray
Diffractometer Model X'TRA (Thermo ARL SA, Switzerland) using Cu Ko radiation at
1.542 A (45 kV, 40 mA) with a Si(Li) solid-state detector. The analysis was typically
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4- (4-

{[(2-1sopropyl -1 H benzoi m dazol e- 4- car bonyl ) - am no] et
wogloppeses i din- | -yl nethyl) pi peridi ne-1-car bB&YUB906/020085

acid nethyl ester in anorphous solid form (38 ng) vvas

lved in a 1;1 ethanol:water solvent mxture ( o

Perﬁq_ edet a5 0?&({%? MRS oS- 43% rmrpe@hewwra%geaf 2°t
3 T I
570 38 0k s o bl N MBS b g SR U
gertlyfpackad intociduarteviagert7e8 mm i diameter aph@d nwh dh deptl%ﬁésigned to fit

. Z%h at anbjent tenperature créstalll ation ha
ntQ,the Jpstygneniiog- 8?4}% samiplp surs fariagalysige Fhe }@B’P@?@&aw@tlw to
: (;EUJ@Qof' 1 ' t O
Wlty\nﬁt h a FV li tﬁe’é%% ew_ggxg?féf}éds‘gfvent m @ ure, pri oéqﬁ(’eon metal
stalaiml.yﬂ lspreﬁﬁltﬂmwﬁ?mDmﬁemeOMe crystaRine donifonad bf Brample 215
S were obtained with a

er X-ray diffraction p
M?%Womdftpw b RoVBaE Figurg fon A tPRESSFRIALIVE
P B A S
using@h Kl @A 15ymAT aldiation1s NOwAGA#igrd 815
PCT/ US2006/ 020085 perfornmed at a scan rate of 2/mn

Wit RxAmplee218 XZfayHtriletdPe RRAIYBR! Nt Over a range of 2
t- 35" In tw-theta angle. Sanples, either as received

a. Bermpk ound to a fine povvder wer e gently packed into a

o ahshutie B! oyl gk S hale BpfnsBiscitng -~

0.33 201 78x 0UP il FwRRRduhSddSon 4, élﬁsé ey wrﬁs}tstrﬁahfehfa@é \'zvgs”oﬂtéﬁned
5 wthin 0.02 two-theta angle was verified weekly by

usigdnBrukies SMART pKaCEDI-rapareadetedtor withmdedav diameter of 13.5 cm,

ol MBS oA S et B o2 K . The

sanfPlOtHbtdcorAi MM §fas 51 (%9%9"\@a't:{‘wgd &er@te& at f‘temperature of
resentative PXRD pattern for a sanple of

-15?#{/)%6 aid wasardyzed nsing SHIEAXfevereion 6. 18 (Rirgeek, u’ZOO3) software. The

o PR 5 St VL B
a= 4\6 30y RSb =29.5F0r A1 d =As5 a0l ; %éé%tg%uéﬁ% ?ﬁh@legalbtﬁated dens1ty is

Exanpl e 215 havi ng di nensi ons of
1.23vesmrdRavdsd xeay dlf@acztm Hepltsepredixted dyons theuienuecbatdamapasatmns
e SRR o B Pt ot SRR B85 n campe

zzocg)@g}{ownllgqamé)&MART version 5. 630 software (Bruker,
2003 using Cu Ka radiation. The sanple to det ector

di st ance vas 5 OSQaUmXI[BXRu\B\QakMSitMSed at a

t enper at 1531 Cand—was—anal-yze HS+ SHEL XS
versi oh 6 ﬁer("g? %@é@ref@os) svg?rteaﬁfe@ 591@@8?6?% | owi ng
lattice para € gerfved:
ort hor honbi cnﬁﬁ I''ensi ons a —16 9 5%62\ b = sb 5172

A c =[15.4658.4 =space group I's Pm@lig.eal cul ated
density is 20 1 22 g/cm Bowder x-ray diffractilon

peaks predi ct G reh3Q he ddrived at%2ri+0.Rositi ons
19.70 +0.20 19.5 0.2

23.68 +0.20 23.7 £0.2
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are in excellent agreement with the observed results
obt ai ned as described in Exanple 220, as shown in
waaivea2kts Tabl e Xl: PXRD Peak Positions CbseP@BUS06/020085
(degrees) Predicted 20 (degrees) 15.08 0.20 15.1 0.2
15.41 0.20 15.6 0.2 19.00 0.20 19.2 0.2 19.70 0.20
.2 23.68 0.20 23.7 0.2 25 62 WD 2006/ 127815

o oA GEE Gy RO o5 by B pPotees b FEADRIS 215 ftige dimensions of
0.351k WEXDSE 009 nGh wad addlyXed®ykRe ﬁeﬁm@?ie?&lﬂﬁé@%bwl WreSH1Wing

the nethod described above. The follow ng Tlattice
lattige parmetars worsrdsrivied: i ¢ell isinbnandinic with dimoslonsiae- 1.8101 A,

_di i ons =14, 8101 A, = 9.9985 A _ ¢ =17.9222 A,
b= ?3“’53? P08 S5 %ﬁiééoa#QZ%Qisgampw isdZn/eq radedated density is
1,231g/e§ﬂ31y is 1.23 g/cnB. Exanple 222: Thermal Anal ysis

Differential scanning calorinetry (DSC) was perforned

' Mpdel 100 dule. Data were
usl = gl?%lgéﬁpfﬁ&‘m%n%l%sw el_Q moau

col and anal'yzed <Usi ng TA Instruments Ther nal
10 Diidfesamtialgeatiohg cAbiS@eirg IS PRhS ﬁ‘@fcﬁ‘me&\uﬁﬁ?ﬁ'l% Bfstruments
u

*f u& 7 was accurately wei ghed into an alum num pan
Moﬂ?ﬁ g?h 0q alggtﬂﬁe Detansere cptected and pmabdedissing TA Instnenents Thermal
' s myn, froms.C about 200 C. The .
AL I @ SR s e o O 4B AT g ot eigied into
an altreinomgraavvittelid.i Thogaiple was évebiked\@ndL ih&k NBAliHsShiAg o
TA Instruments Mdel 15 Q500 nodul e. Data wer e _
10 °Eommelierad “4nie dhaul 3006°€- UBIeTRST acll mas purged trgthTdrg mitedgen during
se,Advantage for Q SeriesTM software. A sanple wei ghing
‘about 2 ng was placed in an Jal umﬁgét;jm pan}S on a
| AthictibieBreviadhit MANsBER s i tﬂ%#é fs Model
Itoo about 300 C w tﬁl aql iGEr}ZS‘; I%)g?t)i ng ]rﬁﬁge gﬁ% mon.
Q-58¢moguleaRale werricallecied cod enalprrdrusingst A& Inspungats Thcthal

i i : R ti C and TGA .
A LR R S Dot e oA B b O Bh Bl 2beH o8 oY pged i an
aluniihem Pan 08 3Pl HnuEXaamk and a&hnefgbm4élﬁbigﬁggg5&§mé folabout

material are shown in Figures 2,
300 Pl &yithca linear heating rate of 10 °C/min. The balance and furnace chambers were

u

purged with nitrogen during use.
Representative DSC and TGA traces for crystalline Form I (prepared according to
the process of Example 216), Form II, and Form IIT material are shown in Figures 2, 4,

and 6, respectively.

Example 223: Dynamic Moisture Sorption Assessment

Dynamic moisture sorption (DMS) assessment was performed at 25 °C using a
VTI atmospheric microbalance, SGA-100 system (VTI Corp., Hialeah, FL 33016). A
sample size of approximately 5-10 mg was used and the humidity was set at the ambient
value at the start of the analysis. A typical DMS analysis consisted of three scans:
ambient to 2% relative humidity (RH), 2% RH to 90% RH, 90% RH to 5% RH at a scan
rate of 5 % RH/step. The mass was measured every two minutes and the RH was changed
to the next value (+ 5 %RH) when the mass of the sample was stable to within 0.02 % for
5 consecutive points. A representative DMS isotherm for the crystalline compound of

Example 215 (Form I) is shown in Figure 3.
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Exanpl e 223: Dynami c Mi sture Sorption Assessnent
Dynam ¢ noi sture sorption (DVS) assessnent was
w@eooboeTsesl at 25 C using a 25 VTl at nospheri cPCT/US2006/020085

m cr obal ance, SGA-100 system (VTlI Corp., Hialeah, FL

33016). A sanple size of approximately 5-10 ng was

usEik aystaliine commpwtidtof thmmverstongxhitis agprsrehle  val ue at

the start of the.analysis. A tVQLC ' .
sormtigsisPbpbian grofin il MordRienati it s PEfvgf ontice range
of 2 UBIodich, R Bkl a w%géh%hatn e 9P Ritan 80 %, Rdet e 2fiGH hatmidity

scan rate of 5 % RH step. The nmass was neasured every
rang¢ oAMVatot76Se ®d8 t he RH was changed 30 to the next

value (dz 5 %RH) when the mass of the sanple was

stable to within 0.02 %for 5 consecutive points. A

reg&gﬁﬁmmzYﬂr%Aﬁﬂ §ermfor the crystalline

conpound of Example 215 (Form 1) is shown in Figure

3. TheinfiBradO@R) dzv@iien BETiusPebe oxseme cpppound of Example

215 iR ASBRRRT SV dBrEP O BPL (R ST e e g Avater

360 gﬁf}ﬁ@gﬁﬂ&&%@@m Q/itﬂ% Nhooée fattbhRtednbial RfleBi@E(ATH) 2
olO

0 % RH and a wei ght change of less than 0.1 % _.
sample boldeheA eepreseotativi [Rrabiiorgtionrspagfains forposampleofibe opyriplline
5 anpl e. 224. I.nfrar | ysi.s The,.i
e T T s R
1413120Rfa 1, 244 Fogouih ) 1603 1 dgidergbaeemover the

frequency range 4000 to 675 cm-1 using an Avatar 360
FT-1 R spectroneter equi pped with a N col et attenuated

total ref i T 1Q. s |l e hql der. A
reg"ég’é’i"t%ﬁc‘$é’ﬁ§l§(t§8§%?lﬂﬁfyo§g%5%ﬁlﬁum for a sample of

t hg.&if i 1B RRAINAlof FhEn T, ddarchidéhg to the process
Si S’ﬁlf‘??éﬁé’ﬁ%“e;@?é% otion bands at 76 g Mg (o Ine

of Edatale 216446 stor&Tiomuyltipapen chhsuvials 240 °G 80¢ 75 ¢nRiL. At

anpl e .225: Solid State Stabhil ity Asses t
specii BIRERG o4 SR8 R AR LS SP R (g ahdlyzed by DSC,
TGA rﬁﬂ@ﬁ%daééﬁ@PQC 1§ dhemidAe pRhiQC ASter tiate AMRIoE stdildfpe, there was
were stored in nultiple open glass vials at 40 C and

no dgcGbRidhange in $lredSCior TIGA thepmpgrams mer tnohe BFRD pattegn. The
representative vjal S r d and anal yzed by DSC,

che ,pugs&@%gﬁ@rﬁﬁa ecwﬁ%%{g\r&@m cal purity. After
three nonths of storage, there was no detectable
change in the DSC or TGA thernograns nor in the PXRD
patAseaynl: RiadioligamhBinding Apsayi an/S-8¥T g duman Becepions e
was 99.5 % Assay 1. Radioligand Binding Assay on

a. Menitfde Prefduativn RETgpt ors a. Menbrane Preparation

T s HE s 2 DT e R Gl 100G human 5-HT

receptor cDNA (Bmax = ~ 6.0 pmol/mg protein, as determined using [*H]-GR113808

membrane radioligand binding assay) were grown in T-225 flasks in Dulbecco’s Modified
Eagles Medium (DMEM) containing 4,500 mg/L D-glucose and pyridoxine hydrochloride
(GIBCO-Invitrogen Corp., Carlsbad CA: Cat #11965) supplemented with 10% fetal
bovine serum (FBS) (GIBCO-Invitrogen Corp.: Cat #10437), 2 mM L-glutamine and

(100 units) penicillin-(100 pg) streptomycin/ml (GIBCO-Invitrogen Corp.: Cat #15140) in

a 5% CO,, humidified incubator at 37 °C. Cells were grown under continuous selection
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determ ned using [3H -GRI 13808 nenbrane radioligand
whrwditargiassay) were grown in T-225 flasks i n PCT/US2006/020085
Dul becco's Modi fied Eagles Medium (DVEM cont ai ning
4,500 ng/L D-glucose and pyridoxi ne hydrochl ori de
[ : i 6
Do R D i B e e ey e 10130
to the(rd#dBE@ | nvi trogen Corp.: Cat #10437), 2 nmM L-gl utam ne

BBl OPvidh i S sl bR STYE L.
20-25%%1&6&8' hhREURRL Q1153 erd walhed FRAdeSINWEE Ewith QWRNHBESDMEM.

conti1'nuous selection 64 WD 2006/ 127815
All stBSTo{UE200GbORB PBEpargiive yeue periyrmted @ndckliThie oell ofon8@er was

. /L tici .G.BCO-| nvitr. n, Corp. . Cat, #10131
itea o spras el agieien gl BB D AL TgHIP S, bOOR ner
colle&%&#é@%g&tﬁnﬁl@@@ﬁﬂfﬂl"ﬁ?n)passages)' At = 20-22 hours

pri rvesting, cells were washed tw ce and fed
WiFoh tleanembifane prephfiibn, cbll pkllets epsreadspeivtedie idsrcbd50 mM

o AR R LB A T8 81 e e
prepa%%iof-x%ﬁﬁteg C(%O Wrfdeet _cglggg%di BRI TP AL We8 homogenized

ecte y centri on at 1000 rpm (5 m n). "For
usingtahelytemidianptep(setimgdOi Dn,10cebh ieeThe tesulimnt Bomogenates were

o T e A0 T e BB
centﬂ%ﬁ%f ?(?,g(r)nd-g (Sf(z 181 r¢hd ?&flle? Wa% Sadhddthicdby Yé_%ﬁéﬂgﬂﬁ@h kvith

225 asks) and honogeni ze using a
memipahe/preparatiorsbuffdrand ceetifigagor &, 402000 gl@0shinpnThe Bnal PhBet

i T
TZZSB‘%\PI?E tﬁlﬂﬂ\zggirc\;\tlaegahe%bg&érftﬂggﬁ ofthetRerl9ng sdsggls'iﬂﬁ{‘\%%% &%&mined by

once by resuspension wt rane
the mpthep aff BrridtorddBiddforda b@ly 6) e MeniHraugeatwere stated4figz80n glidu@0s at
Jn). The final pellet 15 was resuspended in 50 nmM
-80 HEPES, pH 7.4 (assay buffer) (equivalent 1 T225
flask/1 nmL). Protein concentration of the menbrane
Ra 5 sayet ermi ned by the nethod of Bradford
( df.ar 1976) . t f i N
SR et pihtiggpend B PR SRR T BRGS0 9
polypﬁgﬁﬂl&idﬁ@@%ldibﬁ@b@gelﬁiﬁ aYSaVBE Sy Mstithe bABD b cdnthinitig 2 ng
96- deep well pol ropﬁ/l ene assay plates (Axygen) in .
membyapprgtein §5 2/ mMb Hﬁ%sdf 4dpcantigingd)- 94 3Yey bovige serum albumin

rape praotein d H 7 Y
BsATTBEERG BB elidd SPaNiERRRG e 38 MedaaRband were
perfofthéiDisige [PRN-GRet 18808 (RinkRRar Tnd0BYasUEK: Cht HTRK944; specific

radi ol i gand were performed using [3H - GR1138

activigy ik SHamabhe 8- 1Btidlerent concenizationy RIEHIE fr@p@e@(g?@\/lzé .0 nM.
isp st bt Gn SteiiRich fagioRg0A St v performed with
[’H]-GR113808 at 0.15 nM and eleven different concentrations of compound ranging
from 10 pM - 100 pM.

Test compounds were received as 10 mM stock solutions in DMSO and diluted to
400 M into 50 mM HEPES pH 7.4 at 25°C, containing 0.1% BSA, and serial dilutions

—D

(1:5) then made in the same buffer. Non-specific binding was determined in the presence

of 1 pM unlabeled GR113808. Assays were incubated for 60 min at room temperature,
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Di spl acement assays for determ nation of pK, val ues of
conpounds were performed with [3H -GR113808 at 0. 15

woktoanezl’sed even di fferent concentrations of conpons2006/020085
ranging from 10 pM- 100 M Test conpounds were

S S bl 015 BENELAAD Y i
ﬁbeﬁﬁ@%r%%l%%?ﬁ’a&{a}g%%??g? .@oﬁbq\ﬁ&?denfj@ryf)ﬂe%&ed fil: 5) then

e sane n-speci fic bindi ng was .
O.3‘)?£??étﬂyrbﬁéirﬂiﬁe.t Tidteppletse meee wadhed thyké tmieailyéth ddtration buffer (ice-
3808. Assa wer e in%gat(gd for .ng?gén at _rooms ss
cold; ¥ipdr HERRS PEEE T o0ets WP anEragiepr et od 6o g5 Ang #
. then, the hindi ng.& i : L@b e¥1dpeh,aDT was added
Mlc%()ls?]lt?l;c gp ieflgnidgggl?l%%@@mghdq%%c/ B glﬂg)isgfeﬁ}:i %e r filter, P
to efdhab&barfdsiakamereRiontict éme @adard ThvpedudeliquiCTyinfilldiaeunter
in 0.3% pol yet hﬁequgei jne. Filter plates were washed
(PagkigrdeRBioSpienes (i Prlatk on buffer (ice- cold 50mM

HERE R 'ng ?ét’az%qgé Enzgﬁt\aﬁ\g? dRRRLAR ge(%i’é’é_éioﬁ%ﬁliyﬁis tith thé BkgmhPad

were dr oscint-20 liquid scintillation
Pristd SéftwiPaakiapd (BiapiRidcSuforte, Inc.MBan Diage, CK) usiag thediparameter

to each well and, pl ates [ unt ed. i.n _a, Packar
modgd ﬁ@mﬁtsﬁp icalypgltg)érr ﬁl@heﬂ?ré\f T@Wf@&mrggumt\@gmgg %1&6(9 to the value
BlL5El : L8 i gl 148868, K; values f
for SPGBk ARGHFR n Sl proBuREL L AP ORI g volves
test CoRpHRRLE wde cslonlSet } ndrisnp fokeihe beG-HIARakIBsf andethe Ka value

of theredisiena. Ceing GircRaner GHEOT o RN AT ot P e

f H . . . . . 1 .
PR R dat R0, OO YPEIL IR Bl apmespatin
[PHI-GR118868. Revutobircpiesed a5 ahcndgatiecidecadicRogasithmiof G1o

the best-fit 1C50 values, and the Kd value of the
K; vadupsopKigand, using the Cheng-Prusoff equation (Cheng

and.Prusof { [ ' | 28 er bindin

309 ‘?Si6%3‘?"%‘1%%@%gh?ﬁfipgpf{‘fg/a‘%gh?%ﬁqa 2 %lg%[’gauh e £
affia R &8 Rhé SEHTFedptdr3 fhe CRhPERIB of Resin¢rdioaveiidxperedswel in this

as the negative decadic | o,gari t hm qf the Ki val ues,
assqpdpad aTRiSt vadusrrpeging Somaabony 7 e 00K value in this

assay have a higher binding affinity for the 5-HT4

o : . ! .
i S P
say 27 Radioligand

IS 2.aS
abotf e‘f‘."émftbona(bfc}g‘?cg%r :
a b@gﬁg}agg Pﬁ%iOQ?_IﬁMFSA Human Receptors:
' ron of Receptor SuthﬁgJe Selectivity a.
Ve nHEXR29 Phepan atiboyeric kiteay) els stody-trosfaeied iy wag >-HTsa
ki dn cel ls. stahly-transtect Wi t
rec?@@’ééﬁm ‘?f@ﬁlﬂbwg %)61? ?rr ﬁgbc‘%fi?@%u E)Srs.(EJ cha IOWQEDR)
LVES 6 binbl/afs (3R, 2SR mARed B [*H]-GI6353D imdnibrgne
(Br%%igt ei n, bas dégt erm ned using [3H] - GR65630 nenbrane, o
radioligand binding assay). Cells were grown in T-225 flasks or cell factories 1n 50%
Dulbecco’s Modified Eagles Medium (DMEM) (GIBCO-Invitrogen Corp., Carlsbad, CA:
Cat #11965) and 50% Ham's F12 (GIBCO-Invitrogen Corp.: Cat #11765) supplemented
with 10% heat inactivated fetal bovine serum (FBS) (Hyclone, Logan, UT: Cat
#SH30070.03) and (50 units) penicillin-(50 pg) streptomycin/ml (GIBCO-Invitrogen

Corp.: Cat #15140) in a 5% CO,, humidified incubator at 37 °C.
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radi ol i gand bi ndi ng assay). Cells were grown in T-225
flasks or cell factories in 50% Dul becco's Mdified
wEagbasshedi um (DMVMEM) (A BCO I nvitrogen Corp. , PCT/US2006/020085
Carlsbad CA: Cat #11965) and 50% Hamis F12
G BCO- I nvitrog

W LROTERR G e 0Tt BB (o S B e ageases). Al
stegs'at\f?ﬁ O Embilane gfbpa}algm %; ﬁéfo#éé@%m @aha@@a #h&8ells, the media

peni Ci streptonyC|n
was( a@bﬁﬁ@i bnd tdlisogme rin@onpith Ce4t Mgl sfraoPulbecen’ Sphasphate buffered
hum di fi ed i ncubator at

solipgHES 0Bk SAaBEeP s s Lief By BRElhT Pt g - Gl e
coll‘éﬁt@&lb E_gx‘ft ﬁgéuééaﬂd@)@%&l{s SriRRSHABESent Abps o‘ﬁtﬁ&ﬁle@lforane

preparation were perfornmed on ice.
prepasticsiollbived ﬂml pretocolhteseriuetid abovaor ﬁ@pm:mbl@demr@émg §-HTy)
were rinsed with Cat+, M2+-free Dul becco's phosphate
recqpi9®er ed sal i ne (dPBS). The cell nonol ayer was lifted

by gentle nechanical agitation. Cells were 5 collected
b. BE&JM@_L@WM 1000 rpm (5 nin). Subsequent

o BBl B RO okl PR e oy pies
in aotd] 4dshy vORERIFR06 ulkbonﬁﬁﬁngi I i5gng mBhibdAreepréieteins

Radi ol i gand bi ndi ng assa were perforned in 96-we

50 i ST e, s 36 Do ssheb e PGy byl gudics

copt-aj .4
o BRSSP L P LBt
(Peﬁahgmaetr I9R Smdﬁdemcwu&bﬁ SMAF: Qat GBS 101 haspecific attiey ~85
val ues of the radioligand were performed usi

Ci/fuggl) @thwsbfs@lffqra@rq@ne@wrﬁ’e@HSLrﬁn&lnséfpéh%@9, %toglom%\ét on,

oiqfip Rt P SLIG ecBRBER PEOREHLN Lt op PPt wi

PHGRES 3Wat 0.50 VG Bhelevaandiffasaeyshcbiratidas 61’ mnﬁmmd marging from
pKK val ues of conpounds were perfornmed wt

10 pBHp-16R68430ompowds gveravieasitiebiselbm M FtPFléﬁféﬁtﬂonS in DMSO (see

seciph st e b SR BYBiM AR B TP B0 G i

0.1DMBOA( seEserinbdt 5)AUiluBods thedlirladt atht @arﬂ@ﬁufﬂsﬂ M@-mcmbmdmg
HEPES pH 7.4 at 25C, containi ‘% 0. 1% BSA, and seri aj

wag d_etgl)mlaed inthe pgasgm:@@f AR adM nplabeled MII72332+ dssays were incubated
fi
o PR B P P b SE Bi v i

filtt#fioH RRtETh-wekD GP@E sk fibér filee mattwemwsmsadnemcme
bi nding reactions were termnated by rapid filtration

Megiden, GE) mwedoakeging. ?g%aa@l;vefhyaf@@lmmpt Eﬂtepp esgvrpgagheddhree

%
ﬂmﬁai@i&fﬁgﬁ% Ct?L}#eﬁ 166, ﬁ%()} bl aﬁ%@&br é \}ggﬁg%% begnd
rad‘ida@ﬁsslt}\/\/l Btk nletd @diédo B5 DUMNIRFosCing20 ¢ialiill LaiMatiPESd (Packard

pH7.4)" to renove unbound 25 radi oacti vi ty. Plates were

Biaficiend C85 Mermlem GﬁWns adzigd to gashavalbandenlateawetseopnigldn a
ard d
Pacat i bR R B R rlds tfiRe 208k, )
Binding data were analyzed using the non-linear regression procedure described

above to determine K; values. The BOTTOM (curve minimum) was fixed to the value for
nonspecific binding, as determined in the presence of 10 uM MDL72222. The quantity
[L] in the Cheng-Prusoff equation was defined as the concentration [*H]-GR65630.
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Packard Topcount liquid scintillation counter (Packard

Bi oSci ence Co., Meriden, CT). Binding data were
w@e@bs2mds usi ng the non-1inear regression prockdIU82006/020085

descri bed above to determ ne K val ues. The BOTTOM

oSl e R reckBian sihtime e Fipech (hesetsoptor
suﬂt?pé\/{vbﬂ{ﬂ@ﬁéié’d asTihe AR I ek 8- D R0 RHI e

equatlon was defined as the concentr
inyegtipn @REHOBYE tesBA in\hiQ @G6Y HATS i&lﬂﬁFHWSi@iéﬁﬂo@ﬁtﬂﬂﬂﬁe selectivity

Sel e t|v t he s tor subtype with respect
Tangig Had: ?ﬁtﬁ{opgé%ﬂlf‘@?r%%f@p@&%s cal cul ated as the

ratio K (5 HT3A) / K, (5-HT4(0)). The conpounds of the

| NVeRka mbrehcémuﬁ\@e&écﬁ%dlﬂtnwFﬁasﬁﬁﬁﬁé’A With HEK-293

5- HEén qu?} é fetivity ranging from
about 40 O to u vvards (%% %g 5 Assay 3:
Who e thissassays mﬂigA@mm{mmmaymf Al tes hpinpoendis sadeterhtifed by
EK2 cel l.s .ex ec torsln
N SR g%% SuntoL Syehe @@ﬁ?glﬁg? 9?@% Z9§§§f SBFisEAd-HT,
recepRrLRie n;mna&ga Rith dmawdoaseﬂn%oﬁgmeét cefn GYfd. 1 C AP
produced when HEK-293 cells expressing 5 H'F

a. C8LEeRiLs were contacted with different concentrations
of test conpound. 10 a. Cell Culture HEK-293 (human

enb K223 divdreyembopdilis kethay)l oghs stabigfientfedtedintith (ﬂd)t&ﬂ&ﬁllman
5 HE oot DAk SRRl SO LB PR, SXRES 10
(1)6&@ aabﬁsvty%ff aBRR 0l5-6. 6%:1%1@%%&%1?% REREGInRd u@ﬁg 3 ofﬂ'gé‘% 13808

determ ned using a [3 menbrane’ r
meibmatiengdiakgan, birmtinlg §3py,and £2)de nsiengityaff adbeid.0 fmdl/mg protein.

T Pelsptehe BBt 285 ek ub&c%ﬁéfvg%ﬁrﬁ’@dﬁéa?es?mééw OMEM)

corfé%?%%':@ C%(‘)Qn%/L?g%SJ&é%(p 1B ms R oéeg &}1@9 w#‘if k%?fﬂlgylemented
Witbdﬂ&(ﬁfe(a*fbsyln(e SrBOQrBSY (GIROEAnGaoger Céipt: Gt @4343)7) andl(100
unisgpeies i 00 g avrepmon 1001@&@?&&5%%%%%@5140) ina
5% %hfnllﬁﬂeél prf&oa{t 325C ?(?e(l:ls v&%% gﬁy cracgy‘éft?]]ugﬁs sg;ectlon

conf’i nuous se O pressure

pregruneby thie AddiBioN of bereticial (mgﬂl tGMRDle;@fr en .: Cat #10131
#10131) to the medium b [ Preparahggn Cells \?/ere )

to the BB r oughl y 60- 80% conf | uency. Twenty to
tvventy two hours prior to assay, cells were washed
fed, with serumfree DMEM cont ai ni ng 25

#nﬁgl%{wéf%éfw%} a3k O3 eoRhS Tl Bran-owo hours

ri@3o assay,emllafdrebadibd Meics aMa B ehiy
P At #1%040) re’ Haollbd NARS 200 fhi Sl donii] %%Em%ehﬁ(g&%}ng

4,59eghaPegludase (GIBEO-TavitrRgera@orpt: eah #tll 350.d§e dafvestrthe cells, the
media was aspirated and 10 mL Versene (GIBCO-Invitrogen Corp.: Cat #15040) was
added to each T-225 flask. Cells were incubated for 5 min at RT and then dislodged from

the flask by mechanical agitation. The cell suspension was transferred to a centrifuge tube
containing an equal volume of pre-warmed (37°C) dPBS and centrifuged for 5 min at
1000 rpm. The supernatant was discarded and the pellet was re-suspended in pre-warmed
(37°C) stimulation buffer (10mL equivalent per 2-3 T-225 flasks). This time was noted

and marked as time zero. The cells were counted with a Coulter counter (count above 8
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the flask by nechanical agitation. The cell suspension
was transferred to a centrifuge tube containing an

weouwali2sod une of pre-warnmed (37C) dPBS and cene€i/i/829€61020085
for 5 mn at 30 1000 rpm The supernatant was

d a re-sus end
gk 1oy & s iEor Tons Bisfe BRERAERe Ba concepiration of
5 xA6* c%rsﬁnlﬁn%%éwfahﬁ&#@h"c Y tinsul it SO UPRS (ﬁ%@ﬂdecﬁiﬁdhﬂﬁﬁéi@thte
as tine ze The cells were counted with a Coul ter

kit)endpreincubatednt 3&@60fe 18 mis8 WO 2006/ 127815

ARS8 1 bRl s b e sty

&fyﬁsq S AMIP PSP OMBER B Mer Lif:
Ad %¥a?%ﬁggﬁ‘%§ogr&ssg%g%?%rﬁ/%ed [ r? thep%l ashpl até e
Scikide} IrenBqstosi, MA)atcodling tthh@nta(nufamlrm finsteytPnsssays

f d di .
P oCH e S e e F e by F ot bSO taffns in
the%sta!;) wetohs CAYP I RMRIOAR, thE Bkl Ry Rluké H8s 168 LENTES

Boston, MA), according to the manufacturer's )
compmmdm%rmsewe:aeisl 19 mMrsto@cr wlutionn dh MY dibitessto 400 pM into

s0 580 HPriy 19 S 24y SCurlpa o BEA, bR °”ﬁ<&| 3) gl e

AP SQURR ritRghedSvithQ 1
maénfﬂ st oc ‘%@% o gf[‘l?n DI\/%O dl%l[!%?gd 0 40 I\r/l i nteo iO

dlfﬁfbrm%rkdEEtEﬁlqu of cempaundsangivgfioni K pid t0 1004 BEKinahassay
serl a| | uti ons. then made
wirhonsh A e RO A BaE vl 5 G S luded
on gﬁr% Efa gh@ 9? érE MBS Akitlc SRR G 3 ’/&@Q’of‘ 95 flﬁﬂ) Bhdfhe
0 I nal assay concentrat i ons
reaclnmr:trenhmteddmy-adérﬁpn o daO(E ut ofdcg-¢ald leemom as/\prgwded in the

el Kciieng: vl SrEPPise vess srefand %%ﬂffé”f‘!@w%wght

Bo%ﬁ[ %@%ﬁtﬂa@(ﬁﬂhﬁﬁm}%mﬂ{ﬁﬁugg %?oﬂlﬁqﬁy SR o8I Ukin@ fhe

pr ov d inthe plate"kit) to each
Topeiuht (Phblearp BidSxderme Ce., Mdardided, €Y i ncubated at 4C

h f
Sur b Prgimta MR PR Pyeadgrtpeév' ¢ SR ER gl from the
cAﬂ_/ﬁp&Mc% bl X%@Ed}dlg eelﬁé:tﬁlcgens pi¥pided @Dthe elanufabifer’s user

anmount o pro per of reaction was
maawilr Hatd weednflysed umnlmearammmmsm with the GraphPad Prism
accordlng to, the jnstructions V|ded int
Soffprekizeaning s pareiieR SE QAL oNereP s et elgpe
cox% el %"ﬁmgﬁ g E’St%ﬁﬁp@atﬁ ARl r¥1§dr§ed\’éﬂs bR Mealteani %@Qatf\’fe' deBadic
tware package Using the 3-paranefer signoid
logdrithen o£thp B(Se vatod evhefsEGpAs t@mﬁ@bﬂm mxdemtmtmnlfo% 30 %
Potency data are reported as pEC50 val ues, the
magEpaliesPen¥fecadi c | ogari thm of the EC50 val ue, where
ECS ¢ hi
o R u SHtiNE: PARRETHCR) VA0 hplhicusaty fines tigher
potei&Sbior ugdniging thet HHT mpty)r hﬁh@cmnﬂmuylﬂe of the @m\antlyn fatarch were

teste%\%g :’shz1;; &%a&#ﬁ:@%aﬁ% rme e ceﬁ line IB%avmrgpao&Jens’?y 8ft abouF
0.5-0.6 pmol/mg protein, had a pECso value ranging from about 7.5 to about 9.5.
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tested in this assay, for exanple, in the cell |ine

(1) having a density of about 0.5-0.6 pnol/ng protein,
whawea2BEC50 val ue ranging fromabout 7.5 to aPbOUUSBN&E020085

69 WO 2006/ 127815 PCT/ US2006/ 020085 Assay 4: In vitro

Vol tyg ﬁﬁlrﬂ? Flz{ 'Al% glnlnﬁﬁlg 18% Eﬁgb rihﬂplcon Current

Curie I ei
oL gg L apr %ﬂ& Capdias Poradsum CRpandd | (|,

U n| eno- t \ o% %aggﬁt?dngﬁgteﬁ rvﬂ G cD@%Fe%Waﬁéd B8 Gail

consin s were held in cryogenic
Robémtmoage therlfniverSity e Westone Csllmem hekbmrmfmgearccttorage until

neE b ronere rndhd S60 Bastaedin Dthend SHotiiea HieboStogmyr12
su%fﬁ%ﬂt&i Rith $8lok ?eté{ﬁfo%ln%%@ﬂqﬁg and)f@(Pp. %@Qéﬂléiﬁ | (81s(WOseeded
coat e g ass covers di shes

ontoqiy-Bi-lysing (R0 pd/milk doated glaﬁs c@vehehps, firy35 hmt® disisb I(mhtammg 2
isolated cells to be selected for whole cel] vol

mlemgeigng af# dessity that eaﬂ%mol\%@fiée%twheaﬁe}?éwd for whole o i voltage-
%é)rgtﬁjdlé ?‘ﬂ dﬁ?{% S AL ARARNL hf'i’ltmdgﬁ% 5I 0 CC env1ronme}1t at 37°C.

trace sol ution was prepare ever
day Ex&ﬁ@bll&laﬂ @Gld.tlalﬁ wACpmwpared anRhstiewerysedayd ard stored at 4°C when
extracel lul ar sol ution cont ai

nof inyuse.Ghe extrpgeliyiar solygjen sontained @Méonlg\l/’éC]( @%% IéClle(’Z} ’CaégI (1.8),

Mg B e O o R BB IR 2 e B P aeEs)

(103 qulﬂ 7idonith NaOth @' hekseaetuls sglikse it theabsdnes br presence of test
npound, was, contained in reservoirs, fromwhich_ it

comp@%‘d wiap eQntpined HiesrTIRIFy fromawbish itifipviad iatnthe xcreding ghamber

o ol ol ROt SO 98 RS A58 nd
stofddeat |-m°CaﬁmI1 thel dauy o abkdJThe mtfwammdmmaiﬁaﬂ((m) KCl1 (130),
et hyl ene gl ycol - bi s(beta-am noet hyl et

a2
Ms’&mﬂm etlwlc%gla/@pld%ﬁbwe-aaﬂéwﬂsvé Pther)(iﬁ@&;N tislya aqeaAwd)salt

SNy, S5 R PR TRASRRB RO v

(10)es1e 7r2ew Tt KoM, All exseindn@peae @teﬁbﬁnc(cﬂaﬁ*ré’&@)temﬁ@aﬁﬁfbe(ZO-ZTC).
coverslips on which the cells were seeded were
t r ange epyaaglips onavhiel the gehhywererrsedsdrwan dapeemekstod recording

BBt S RIE SSBL UL, LR ISR, S e

patak bicetredt. Oneea @ﬁbl@gaa&mrwmrwhﬁved) rédoeding® bérﬁgﬁncdﬂl 1ﬁm1p: voltage
node, with the initial holding potential at

ClapPy Bl Withethy GGAIGPLLREPAeTtAL o SO e lies Asteblechalireel
cuﬁéﬂt Iwc‘as %légvegl:,( g}%oc i {V%%esescﬁé eﬁq A cHﬁﬁo %@&g@c{agd voltage

tage rom

pradedol Rak:astepofrom 8k HAIding pﬂ;%ﬁtiﬂﬁbﬁ-&@ N B mmVTIBD@JSEHec Z€polarize
to -50 mV for 5 sec and then return to the O“gln)mﬁ
§

to 13QI1aY der Hencendithen etugp tothy origimakholdimgivatratiph 03
volrta% p?&ggol%ya rré{n %gce %%Qﬂ% &@ zO b%‘) gltzf%k Sk EWRE I3}11‘p11tudes during

aring repoltarrzation phasée we

thedepdlazatiot ptsdergerp @bt@mns@ﬁilﬂ@gﬁlamgﬁﬁiﬂvmmmﬁim@s ata
concentratl on of 3 pMwere used over the cells for

comemraiwmecsf 3 M W@mdrfwd ave-the pellsefos b nviawths dollgwed e H-minute
Waf}&ué g%?c?edgflg%hg%bs%o compoun({1 %Jma\fly a I%sﬁfvte c\égtroclctcr;]ltsgp%de 20 nM)
was added to the perfusate to test the function of the cell. The step from -80 mV to +20

cl

N

mV activates the hERG channel, resulting in an outward current. The step back to -50 mV
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was added to the perfusate to test the function of the
cell. The step from-80 nV to +20 nV activates the
whBRG1Z18ehnel , resulting in an outward currentPCTTN82006/020085
step back to -50 nv 70 WD 2006/ 127815
PCT/ US2006/ 020085 results in an outward tajl .current,
reswlis in be ouliwarthiail cuEesly ay thechymel rPae Yy ZPgHAGHYaton an
d dtea tivates. Peak current anplitudes during the
CafYi°ar i zat i on phase were determined using pCLAVP
s of papRIcBrrerkRenplioitics dhiria@thetrgsdlariratibe beasdateae detemmined using
exported to Origin(r) (OiginLab 5 Corp.,. Northagpt.on.
pCIMMR odmare: fle icw@m(liaa@ st @%ﬁkéﬁfﬁ %{?Fﬁ@?@‘%&eé‘sto &S’én‘g%ﬂgmab
no i zed t.g.the inktial .curnr i j :
Colgn oA ekt R SR fverDabilized o the
initfl BigaHt dmlifude $n fRrabsaed of estdpdundnTheneneiizedituateatmaams and
plotted versus the tinme course of he experinent.
star@arderrdrs Ensaclesanditicne ere calsalatediad pltied yarugfhedime gtirse of
h inhibitions after the 10 five-m nute exposure to
CEKPHEP Y he test article or vehicle control (usually

0. 3CHnPMaGhs wek Bhdshdt@adn the opserveaidtScursmiviibitions after the
experinmental groups were performed usin t

2 a o
fivpyopute exnosureite gihestbriest aruele o vehisle ,cglétgq% (@qaﬁ? 0.3,% DMSO).

.0 D fferences ' eTall: NWoy-F o} X Rvss
s B ShAT T pERR B0 R el o
popRPAtRRS indBpdndBntGLtEdt EMlicrbdal Otigin asgal Differehdes venabdmsidered
~the potential for test conpounds to change the pattern
sigoifficantratip £0-0%Bpol ari zati on when used as therapeutic

agents. For .exanpl t.he,. c- . o bk

20 hE s BB e D COBL D b AT oty M.
the3nMiexink Pblegalabr fefioRigounds tofchidi® th piteess bficardian repolarization

current of |ess than about 30 % includjng,_ | ess thﬁp :oh
wheosad ag theygpentie agenss. Hai Wﬂmp]@,%&empe’fm%ﬂgfﬁxamp es 1-14 whic

Bi oavailability:. Caco-2 Per ' . T
el GBI B 8 LT 5 R o e
pot@fiikh idh Grreh€8# lesRRP M0 bF) iRkASENE NERUBIM Aot 20 %.
Intestine and get into the blood stream after oral
adm nistration. The rate at which test conpounds in
sol dissayr5:gemireaModel ebOralBinay 2ilabiliys GageraPermeatipn Assay
the tight junction of human Il,.intestjnal...
on3haFe 2 RRSREED 65 1 Pegrsd B PSR B ity of test
SHRERS G no IR st bRjoAQeedh AR FEC
Co}?ﬂmarl ?%ﬁés%%gu%ﬁ ur eStﬁC%Ialhgcg?ﬁgﬁ); tq;lg{oclg)vi I Iee, MD) . For
adiohstpeioneThe eate stwiiyh tasetdmspounds o sbdibadeaneate depld mopolayer
of 63,000, .cells/cnm on e-wetted .transwel ls
degrepda PHBHAIDS tehf TiRehan (Huiag sl s ot SOy oS K el |
olgyer was formed after 21 days in culture.

owi ng cell culture in the transwell plate, the
nmenigzane (celoh,zidandugrditema dumanpesdls ayese oB@ingd sroteAdEked

(A{j{e?ig]@;}s{‘]gwt éﬁ%bhf%@i chﬁcQI?llé, T\/?]S)r.tfgodr the' Itaé)rrr}egt?on study, cells

were seeded at a density of 63,000 cells/om?® on pre-wetted transwells polycarbonate

-

dc‘tlrgrgl

filters (Costar; Cambridge, MA). A cell monolayer was formed after 21 days in culture.
Following cell culture in the transwell plate, the membrane containing the cell monolayer
was detached from the transwell plate and inserted into the diffusion chamber (Costar;
Cambridge, MA). The diffusion chamber was inserted into the heating block which was

equipped with circulating external, thermostatically regulated 37 °C water for temperature
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Canbri dge, MA). The diffusion chanber was inserted
into the heating bl ock which was equi pped with
w@ReoeR w13 ng external, thernostatically regul aP€rUS2006020085
water for tenperature 71 V\D 2006/ 127815
ir manifold delivered

PCT/ 006/ 020085
cogEYy (37 S EEBIACIEIIENF Oop eClr 19 o oA Oh & FHBIS Orgrabe.
ané El%ﬁfe@q Iﬁnlrﬁf‘rﬂaﬁ' aftélﬁvé{ Jf:b% IR %Jn%?aérg} Qﬁn&e\lvhs effective in
monol ayer, Bas effective i
redmeiigithe mdstllnmdrbdam@ary layer . The perneation st udy was

perﬁ_glr med with test co ound concentrations at 5, 100
© RERRF AT SR Hiof BP RBSgHEh (st ompouAd egpaentyatisms at

t 37 C
10 i FRG) tgw.m thol tCERANLITRE oL B GRINEN Sl S

exlﬁdmmdmi/bretcbﬁdldﬁm 33nd foE6@MEL! Sahples wefe thike: e&f@aa@ 8hd
es were analyzed by HPLC or l1quid scintil I'fation

60 @au @EOiHh‘gO thdhe danor apdbregeiviercsidasf Matrdvler Samples were analyzed by
Hﬁ@%@%&gé&@g ‘tloTIE urgl%g'%gr {elﬁtoctrc]ﬂfpg)ef g% r%gltém&g pégqeﬁgatlons

The pemication b@dfﬁalbﬁltL(K W ofn/3& Wascdillcupsted. S consi der ed
| nd| cative of favorable bioavail abil i Ly. Those

hiRssdh aﬂ%éfalq@\%wffrdham\#hoahl%rlé cirésecdsicansidetdds

I Kp_ val ues .of .betwee
md?%W o bRl e AP iR b5 0B o £ R Lo 3Bihgrere
testetidin (S MshynBpicallpeddlitd K| Petudsads bbRvAH WBOMS (SO ¢t i brﬁ%ec and
formul ati ons of test conmpounds were prepared in O.
abqui 6P Xl 0 aTém/éleCat a pH of between about 5 and about 6
Mal e Sprague-Dawl ey rats (CD strain, Charles River

Labélsm‘yoﬁ iRisyrmatokined¢ StudyNijtheRae dosed with test
adm ni stratlon (v

ounds v i.nt ravenou
dos qB?"“ﬁ 58 “ﬁa’ﬂ ﬁ‘aﬂ’é’? atyns B?W RRyRdy weir pafpaaeddgw 9% lactic
i I
B RaNIGATENS 2405 Lyl FAD 10t Mt B
ChantasRiven lLaborataticsy Widnaington) BLA) veerel desed vaﬂdteatcoﬂlpbm\ﬁs via

.,onl .19, .an 30 mn, and at 1, 2, 4, 8, and 24
m“ﬁ%?ﬁé’i‘k 5‘?{?{“1 an ?1& HIP*feaﬂfa %ﬁ@g@?g Qré’é’tor%lcﬁ%&ﬁ@@ iaha dose of
{

O TLb GoIE YRR AR PRETAR: Y ohd S for PO dygjgion

Ser(ﬂ/b@o@@&lﬁpqes ARele ddetted Aopt ardthaBi msydsseeaﬁd atfPb@Vesnly) §,Y1.5, and
rr.limt of quantjtation of 1 ng/nL. 25
30 @E‘?a ﬁ‘B‘éP 1 S')hér RBORf #8?#%%‘33%?@%%@%?@%@@@% Segrppyads in
bloB@ﬁl‘g@tﬁ%&% %?Qnﬁﬁed W’lﬁgﬂ&b '\éM 8@2&%“]“5 gg CE%B%W analysis
(LOPNEYBISY IQMDS\/SGEWsPl\Aoem AfifYed B‘lbeystm@ Fogted Qity, [0A) with a
t est co g concentration in blood plasm

Iowsgflmﬂt' Q%ﬂ“?“%tlt@lté‘??o The area under the

Cco

AR AR Ml AR AT W,
analysisMoge k2D Iofpr T¥iend Mudat 200 fopBOY usial WinlNenliftX Wersion 4.0.1,
Pharméh%vlefolugtg}nl {/16¥V, &'.:A) ./QT)ne max1ﬁ1urtnqg tlgeocsu?'\-fe of test compound

concentration in blood plasma vs. time is denoted Cpx. The area under the concentration

vs. time curve from the time of dosing to the last measurable concentration (AUC(0-1))
was calculated by the linear trapezoidal rule. Oral bioavailability (F(%)), i.e. the dose-
normalized ratio of AUC(0-t) for PO administration to AUC(0-t) for IV administration,

was calculated as:
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normal i zed ratio of AUC(0-t) for PO adm nistration to
AUC(0-t) for IV admnistration, was calculated as: 72

wODRADBIL27815 PCT/ US2006/ 020085 F(% = AUC PCHULI006/620085
Dosel v/ Dosepo x 100% Test conpounds whi ch exh| bi t

| ar ger val ue and

F(% in thi s%zggga A@FE‘)&}%@?&??&SW Q/Pé) gr e f’er

bi oavat doadpiohdgwitleR Rx BBl b et Rhed of HeakametElis €, g1, MEIC(0-t),
npounds of the invention had Chrax val ues typically

ang 5i4) mghisraseaysrapeeted tobavegregenrion/agalylit whgradministered

or% / ef(fx)ria’ Qérﬁf%gadg B% @%llrl\}%anﬁgn g%cg gﬁ%lrvgme? ﬁg)lilccagﬁ_'pghéﬁéﬁoﬂo?m
abERDY B aiaoﬁmls énd/AU@i‘O valfesygitally rad: né\ﬂ%paﬁoht 0.14 to

val ue of 1. r/mL and oral bloavallablllty (F(9%9)
about lthpg hs(mL rﬁzsdwlay of exabple, thescorapouhil € Exdreplerldsdnit Crax value of

0 &3Ents pb ARG EME RE O EHERe 874 ofof bORGAFGLIE EOR) in the ra
c}g%pgfgbtog 471519 t hose skill ed_ in the art that vari ous

anges may be nmade and equi val ents nay be substituted

the T RERRIeA v fetRy MRl BRPrBRLS feopine

enBBdEndn®s ASRBE, iBshofiRid idbfood iblWRdSe @Rl eladd that various
conposi tion of matter, process, process step or steps,

changes may bgpasieand équlgpipntis maxhe ssbwivetedwithput depagiagtfirom the true
t ended, 15 t.0

sp%ﬂgV %%%g o{ ﬁ{e 1gve61g1 n. c{gll ?o%t Ig}%ﬁé “%?{’:Sigfé‘i?ﬁg’as 12y B? Bqade to adapt a

pad¥ddiat kidnibhymattihl, dethbés@tﬂiﬂ &MBatter b &3S, proRestBRbedtéps, to the
docunments cited herei nabove are incor por at ed by

objegties, epizié apdsagipn of the piresent inggntiono dghstich mcvilﬂtwéllonsfare intended

to bR B s i G Aopeanch APt RGIIGTTY. WL pigations
pahtsf AdPstent Addimerfd cibédMereinddoVs Ge\iMcurporaldd bk rEibrente herin in

wherein: Rl is C3.5alkyl, optionally substltuted Wi th
full, @sfthoush lncttvndgalﬁeme@tmemtddrhynﬁ(eae)nceq O OR2 wherein R2
is Cl1 4al kyl or -(CH2),, phenyl wherein nis 0 or 1;
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(b) -C(OR3 wherein R3 is selected from 10 phenyl,
optionally substituted with 1, 2, or 3 substituents

w@edoeaemas from Cl_4al kyl, hal o, @ 4al koxy, - QFGI/US2006/020085

-OCF3, -OCHF2, and -CN, Cl1_5alkyl, C4_5cycl oal kyl,
and__- r%mA whereln mis O or 1 and Ais selected
f r oMW EANT, C*fﬂ S5 t hi ophenyl, norpholinyl,
tetrahydrofuranyl pyrldlnyl naphthalenyl, pyrrolyl,
t hi onor phol i nyl , pyrrolidinyl pi peri di nyl,

oxopzet |p1|daﬁ1pound 6f @zali1a T)nyl 1, 1-di oxo

i sot hiazolidinyl, and 2, dlnethyllsoxazolyl (c)

- C(O) NR4R5 whereln Ry is hydrogen or Cl 3a|ky| and R5

i s phenyl 20 opt ﬁ t ut W&h 1, 2, or 3
rom Cl14al yI hal o,
an (d) -C(O C(R6R7) R8

substituents sel
n or Cl_3al kyI and R7 is

Q 4al koxy, -CF3,
wherein R6 i s hygy
hydrogen, -OH, or Ck13al kyl; or R6 and . R7 taken

together formoxo or -(CH2)2-; and R8 F phenyl or

5 whé&yel ohexyl, wherein phenyl or cycl ohexyl are

10

15

20

235

optipnally 25 substituted with 1, 2, or 3 substituents
sel Rew&a-stikphoptionpdly lsybstityted with -OHsankoxy, - CF3,

Fo, .and -CN, (e) -C(O C(HR9) OR10 wherein R9
q%ﬁ%sr%%%?mm 3al kyl, and R10 is phenyl

opt i ong)| b(/O)lD!b’SWhér@ﬁﬁQ” 8ICH t;ankyl &4@&)&@%@1 W}Iekh@lﬁ‘hsfs Oorl;

sel ect ed fro 1_4al ky hal o, Q 4al koxy, -
- OCF3 (b)akdO) eme&ds 3@16@1@&91@6/ 127815

E gégts égof heﬁ}(’)lo I?[?éﬁ(dﬁ% FUbS %L@E%ﬁ%ﬁy? }}Lﬁﬁggﬂﬂlents selected from

t hi ophenyl, noyphel,iHaw, claﬁkmhygppt@@?ybcmrmm
napht hal en Fyrrolyl thlonDrpho i ny
pyrrolldld§Ha kyl.peri di nyl, oxoazeti di nyl,

t hi azol i di di oxo |soth|azoI|d|nyI
2, 4-di net hé] SCXC(}O%%%%I (f( and 5 phenyl opti onal 'y

subst i t ut egCMi),bA Juhe?em Airis 8 op Wbl A 1488festcd %loﬁparﬁﬂmf fLﬁ’é‘ﬁyl
d _4al kyl, halo, d _4al kox OCF3, - OCHF2,

"G or & phahivabeul mewhgliad depelnsreluzabt prdissl nmhalenyl,
wherein R | SEsrigrorhgimt KrRatIBRb ety i
wherein RL i &hia&@lﬁm@yk lQﬁoicﬁiabﬁlminJimyl 4nd'H@- compound
of Claim2 wherein
dlmethyhsoxazolyl
(c) -C(O)NR'R’ wherein R* i is hydrogen or Cy.salkyl, and R is phenyl
optionally substituted with 1, 2, or 3 substituents selected from C;.4alkyl,
halo, C;.salkoxy, -CF3, -OCF3, and -OCHF;;
(d) ~C(O)C(R°R"R® wherein R® is hydrogen or Cj_alkyl and R is hydrogen,
-OH, or C_alkyl; or R® and R taken together form oxo or —«(CHj),~; and
R is phenyl or cyclohexyl, wherein phenyl or cyclohexyl are optionally
substituted with 1, 2, or 3 substituents selected from Cy_4alkyl, halo,
Ci.salkoxy, -CF3, ~-OCF3, -OCHF,, and —CN;
(e) ~C(Q)C(HR®)OR ' wherein R? is hydrogen or C;.salkyl, and R' is phenyl
optionally substituted with 1, 2, or 3 substituents selected from C,;_salkyl,
halo, C.salkoxy, -CF3, -OCFs, and -OCHF,; and
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15 5. The conmpound of Claim4 wherein R2 is Cl. 3al kyl
or phenyl. 6. The conpound of Claim2 wherein Xis

WO GonRB15 7. The conpound of C aim 6 wherei n RBCT/ES2006/020085
phenyl, optionally substituted 20 with 1, 2, or 3

substi jue elected from Cl 4al kyl, hal o,
Cl_4al {fgﬁ@zf%:&herw ' 15 gelgoted Gempor salkyl, ThELabemdufieanyl,

of O ai m 2puheLsi b St R . The

conpound of a@rﬁ%‘ﬁ%@%ﬂ@%@él S &&IZSLB %/11-@1, %ar%l tha}?nyl’
i's scra]l eclt e;ryrfgﬂsdnﬂlioamo Rshﬁ(hr@l,molggaylebipﬁﬁam:yg ofdazdaliiyl,
or phenyl; .wherein ) enyl, .

opti onal | )fh’gﬁ%llé‘{lglui%dh%q lﬁ"t@aé?hcﬁn@@gécﬂé@leﬂlyh@ma@b’l, and
sel ected fyHR_MIGhtida: ; - ' |

t hi ophenyII{ m{c 1% )gﬁlﬁﬁt 56\%%@;%’ éﬁg).‘“‘é Sﬁ%ﬁ%ﬁglﬁgéﬁgom
R5 is phenyilsalipt, haloall yalkesuybsEH;t +O€E;, WDCHF], @d -ZN;
substitpyents selected from Cl 4al kyl and hal o; 75 WO
2008} # BharmscpiealiksensaiabizraBsT sqlugte.crpieyrolRmeRHREFo.
Wherein R6 is hydrogen and R7 is hydrogen, -OH, or

nmet hyl ; or R6 and R7 taken together form oxo or

- (CR2) 2- Thawrdmp8uridsofiiiainy Il whierei RE [oliesnsidyl. Wher ei n
phenyl or cycl ohexyl are optionally substituted with 1
or 2 substituents selected fromCl_4allcyl and hal o;

5 ( - ' 1S, : hyl
andg)Ri oCi(I?;géﬁe y optl?}%ﬁgﬁﬂsmg%gs?sllgﬁé@q\%&]{%ﬁ})&ﬁ' 2
substituents selected from Cl_4al kyl and hal o; and
(f) ,-S(O,2R11 wherein R11 is nethyl or phenyl,

opt Fonal 1 SegReynd afddai 2 wherein X'is -6(@ R{?uent s
selected from Cl_4al kyl and halo. 10 10. The conpound
of daim9 wherein: R is isopropyl or tert-butyl;
and5X i s Thetempa@hdfof@itaing 4)vhefs{rOR: WakeopHaAyl. S

nmet hyl or phenyl; 15 (b) -C(O R3 wherein R3 is phenyl,
optionally substituted with 1 or 2 substituents

sel gct edThe eompREHAYr C15 PPRd - G
furan-2-yl; or  thi opCheﬁ{%?@Fr;eMaﬁgg Etc::()(ﬁﬁC( O NRARS
wherein R4 is hydrogen and R5 is phenyl optionally
7. The compound of Claim 6 wherein R? is phenyl, optionally substituted
with 1, 2, or 3 substituents selected from Ci.salkyl, halo, C;.salkoxy, -CF, -OCFs, and -

OCHF,.
8. The compound of Claim 2 wherein X is -C(O)NR*R®,

9. The compound of Claim 2 wherein:
R! is C34alkyl; and
X is selected from:
(2) -C(O)OR? wherein R? is Cysalkyl or phenyl;

(b) -C(O)R? wherein R® is phenyl, optionally substituted with 1 or 2
substituents selected from C;.salkyl, halo, and -CFs; furanyl; or thiophenyl;
(c) -C(O)NR’R® wherein R* is hydro gen and R’ is phenyl optionally

substituted with 1 or 2 substituents selected from Ci.4alkyl and halo;
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substituted with 1 fluoro or chloro. 20 11. The
conpound of Claim2 wherein the conpound is sel ected

WO p@t1 27818 4- { PCT/US2006/020085
[(2-isopropy|-|FLbenzoinidazoIe 4- car bonyl ) - am no] et h

I hy] di | - boxyl d
?/Te% ﬁ|y| (ﬁi a@d(ﬁ %%Ry\% er%m) Igé 12 %glé]rolggr? and Ralrs h?/)c(l%/oglercl: %cﬂ or

[ Frpasraniba el 30 et s koo

aCI dqubimxy] wiste@t phenyl or cyclohexyl are optionally substituted with 1 or 2
dazol e- 4-carboxylic acid

{2 1I ?‘1 S@ﬁ%‘iﬁﬁ%‘?@%@%ml Ey@B%éW e 4- yl met hy! |

pi peri 1 wit
D ot P ROA ) AEIHER is pvdrosgn or mthyl snd Ry i ppenyl
1- ( @ptibrallf butstitred with 1 or 2 substltuents selected from C;4alkyl and halo;
bené%a/l ) pi peridin-4-yl net hyl ] pi peridin-4-yl met hyl }

) 30 2-isopropyl -1 H benzoi m dazol e- 4- carboxylic

acid r i

oi per I{(§ flﬁu‘ @fﬁﬁ% n]CI@1 k?e“ éx}rI orfhepﬁé?%tlcfrﬁallg sul%ftltuted with 1 or
2- |EeubmnudmﬂsHkbedfmmnCdﬂmQﬂenéhMarboxyl|c acid {

1-[ 1- (t hi ophene-2

carbonyl ) pi peri di n-4-yl met hyl ] pi peri di n-4-yl net hyl }

am / 2006/ 020085

2-1i g(gpr oggT Wﬁz%@n %Iqazoﬁy kFcar boxylic acid

{1- B is(ifrfropyd oo tdt-butyl; and

tri gororre EPI benzoyl pi peridin-4-yl nmethyl ] pi peridin-4
R4 o . .

2-1 SOR%)O-@%({)&d)RP Qﬁ%ﬁ{ﬁa Q%e%ﬁ'oflbﬁé{ﬁ-oxyl ic acid

{1-[1
pheny |(b)a+0(@mwhmpm3i idipherd/ yoptiehily Jubktateddiith #oyd net

4- (%ﬂb{“[ﬂ(lsmﬁ srlected frompethyle Aeronilyases ped ARsafendy)-ani

no]ﬂ1 bhRi pgridin-1 -
ﬁﬁ%ggrpljgerldlne 1-carboxylic acid nethyl ester;
2 t em(e)bm(@pmm belnezein R delaypiregeh mdFYax phdng q&idﬂlally

2-f 1 uaoro-benzoyl
d%%ﬁ&?ﬁddw PﬂVMFﬁ@%%Qidin-4-y|nethy|} ami de;

2 tent-butyl -1 H benzoi m dazol e- 4-car boxylic acid
{1-[1-(3-net hyl - benzoyl)- 10
pi p]e]r i di Thdleopharnl F ChiipeX whérsindhy torpburdliastieged from:
i ﬁg yl - 1H_-benzoi m dazol e- 4-carboxylic acid
ZF -4 ({ TWQEBQH}'B‘&HZ 91m1dazole -4-carbonyl)-amino]methyl} piperidin-1-

| met hyl d d
ylm@ﬁ%?ﬁ&’cggltnléég#%@cé]g% glg{dé}q syagg s)c;I ia? g]s anan
st @—%{ﬁ@mp&ﬁyh—&l‘féﬁﬁ‘nzomﬁ&azbﬂe 4 Emoﬁm@mmq—méthﬁl}@pem&m-

ejn the conpound is selected from 4-
ylmF, )p@sxa@]gﬁsquarboxyhc acid phenyl ester;

| REBRELIT fadeh s i obRom SRR SRLALLALAShL IO

piperi di ne- [~ Carb yI|c
pipeitied;yldetdt] pipdrider-4 §hthethyll yiide;

| H benzoi m dazol e- 4- car bonyl ) - am no] -
pi Felsppiopyl-1H-benzoimidazole-4-Carboxylic ac1d {1 [1 é j difluoro-
benzoyl)piperidin-4-ylmethyl]piperidin-4-ylmethyl} amide;
2-isopropyl-1H-benzoimidazole-4-carboxylic acid {1-[1-(furan-2-carbonyl)-
piperidin-4-ylmethyl]piperidin-4-ylmethyl} amide;
2-isopropyl-1H-benzoimidazole-4-carboxylic acid {1-[1-(thiophene-2-
carbonyl)piperidin-4-ylmethyl|piperidin-4-ylmethyl} amide;
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yl met hyl ) pi peri di ne-I-carboxylic acid nethyl ester; 20
2-tert-butyl -l H benzoi m dazol e- 4-carboxylic acid

wd@ 2006127825 f | uor o- benzoyl ) - PCT/US2006/020085
pi peri din-4-yl net hyl ] pi peridin-4-yl nethyl } am de; and
pharjmaceuti cal | y-acceptable salts and sol vates and
St or aBrBERYr Ut plEdBidazols 4-capqelia APrd-11-C-fluoro5-

triftodrdndeli RrehSQRpREdin 4 | Mofazh Ol l) 25
am noj m%,t hylésglislger ilgi r'?]%%y {Bﬁgﬁﬁplll S’Iéﬁ‘? gﬁi%ﬁﬁé’car boxy
| i ¢ Zasdrtopdt HiHbewmimidanole-d-aboxgtie acitifer[@qp-flubdo- The
crystalline.conmpound o .aim.13, wherein the

PhE& W?Sﬂ)&%e 'g‘ﬁ’g‘“EtL@?E‘H%‘FrngﬁéYWE}B’I}b?néiefoovvder

X- I ay(4ditd-FALbl iRid28Yier LatRGE: iperidin-1-
di ffr(a_c{[So_n 30 tggg%gkgzt% b&\?gﬁeﬁg&rse C%Igglof P}?%lyl}plpendml
yimghgiggpadiing5-c4d0x gl acidn@aF] 8@er; 19. 700. 20, and
23.680. 20. .77 2006/ 127815 PCT/,US2006/ 020085 15.
Thegéffvnglrﬁ%gp%%ﬁéﬁﬁeﬂfca@%’m go1d {hH &r(ithorgrhenzoyl)-

pi&fﬂdﬁi@&lﬁ&ﬁwﬁﬁm&.@- ﬁeﬁgﬁ%ﬁﬁ&@r i zed by a

di fferential "scanni ng ca inmetry profile which shows
a naxferthutylrl H-beoirhidnmile-4hattioxflioucidt{ 14 1 (@ mmaliyibensoyl)-
.in.th a of apoyt 14 to about 148 C. 5 16. The
PIPSP;‘}E’Eiﬁh%@&ﬂ%@%%-@e@gﬁw%, wherein the
cry otadlyuRg- 18P IR dar Sl ol by .@_ ]
differ entuFSgl scaﬁin{?né acaﬁeg{]?%gﬁ)gm&%o ill Pél @htll%%()bsfﬁ%%)
pipgridixd-yimethyl [pigeriiot-Heimethyemtidd kadv at a tenperature

in the range of abouL 14% Cdiﬁo about 145 C. 17. The
cr y QP MacaBicallyAeisRiblsrsalts andysolvates gndstgrepisayeers thereof.

crystalline conpound 10 is a nonohydrate. 18. The
crystalline conpound of Claim17 wherein the
cryd2al | iThe comppoudnef Claies 2 Induesedi hiei coaghobiyd & spRE@E from:
x-ray diffracti ttern having two Qr nore L
di f ?‘r(é%t[{zaﬁopfﬁgﬁﬁéﬁg?m?Hn\ﬁéiﬂ%é1~%aé‘?®&)wlﬂeblmthyl}plpendm-1—
InSht i¥idine?1 $Bo2Ric aki 17.750.20, 15
Y 181.%28)(1)1%%0,1 20. 6382%5,3%%1%%@5].2%6?’ and 27.050.20. 19. A
ph af’rﬁﬂdé(@_t-tielctdjlutyid??beliz_bimikiaxtﬂmdrdaﬁidf‘mgl)ﬁmino] -methyl(i pipferidin— 1-
t herapeut.i c effectjve anpunt of the conpound o
ylnéeglvl)%?\‘lf nea'ﬁ%/rh%"ﬂmtaﬁldl@e@ﬁggéerbhar maceutical |y
ac coREBlB1-1 86 dnl 6imi 4 peh 88 £halaed Lo
_any one o@ d ai %&Fnlg%zgiegﬁ)%c %{éo%@gp %&E&]?]hgfg%b%%nz%)e
pipeffidia-depimethyihipipetidanyg-yonehylf afldat a1 1 to 18 for

manuf act ur a nmedicanent. 25 22. The use of Claim
b Tl foarEan a 416 sobitsred Semiaerns Bircat

13. Crystalline 4-(4-{[(2-isopropyl-1H-benzoimidazole-4-carbonyl)-
amino|methyl} piperidin-1-ylmethyl)piperidine-1-carboxylic acid methyl ester or a solvate

thereof,

14. The crystalline compound of Claim 13, wherein the crystalline compound
is characterized by a powder x-ray diffraction pattern having two or more diffraction
peaks at 20 values selected from 15.08+0.20, 15.41+0.20, 19.00+0.20, 19.70+0.20, and
23.68+0.20.
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nmedi cal condition in a mammal associated with 5-HT4

receptor activity. 23. The use of Caim 22 wherein the
walt@eas®s1dr condition is a disorder of 30 redeCEUS2006/020085

notility of the gastrointestinal tract. 24. A process

for preparing a conpound of formula (1), 78 WO

2006/ 12 T84 bryR@llingSa0p6naoDEHEm 4 Hvherxin thieyistailing |c§>mpound

is AT RPY &I GioL Bt SRR ProTeE SRS S P in
endd(t@%rfr‘l_]rﬁ%%t kyly 04 te {%?%)gfé 1Bhﬁ‘@%\|n @Gﬁﬂ:ﬁ)‘uﬂ 14 45 10 aut 148 °C.

R3 wher el Is sel ect ed from phenyl,
optionally substituted with 1, 2, or 3 substit uent s

sel.ecteqd, from Cl-4al k 14a ko , -CE3,

- adfs, Ta orygiefies, CO@P%%qi R€¢ s 1 - TR 8%1%51“6 °qpgound
is cli a@@ @lﬁlé\ HciB&loR& 88
is c}*agom ac% g}rf] éldi’f?e%rﬁ%ag%%eny? chrcr)g?n;%rg%:ﬂnyl WiiclP@lo®&ta8faximum in
enddthe¢mrheit Obvradnyémpayuiainile rangaphatioat éﬁ?y?Q to phaut d#§ PC.

t hi onor phol i nyl, pyrrolidinyl, piperidinyl,

oxoazetidinyl, thiazolidinyl, 1,1-dioxo

i sqhi a L Qb &RJstaltine(cmpound

i C?Z) e lc%%pel}en&l? °§2&ﬁ§§%a§8§§ LGRS gJSM,hne 5
is a imonplnelnate. optional ly substituted with 1, 2, or 3

substituents selected from Cl -4al kyl haI o,

Cl. 4al koxy, -CF3, -0OCF3, and -OCHF2; (d)

- C49) C( ll‘ﬁ’ﬁecroﬁ{ﬂ&u% of @laMQW%%?elﬁ&h@éry§ﬂhlh¥ L‘orﬁﬁ&md
R7|sh en, OH, 3al kyl, or oxo; " or

is clﬁi’acft@rzmﬂ bf{ @Iﬂa‘)vﬂex; X- myoﬂlff&ctlen pittamy hading twy ot mhm@ffractlon
wher ei n phenyl or cycl ohexyl are o t|o

peales a5 20 velyersplégtachfron 9. 020, $2.4 11020, ﬁ?@%el%ﬁ%ﬁzo

18-4_76%29%0 M@ﬁm? ?20%84%(%%@2&?10 wher ei n R9 is

hydrogen or Cl. 3al kyl, and R10 is phenyl 25
optionally substltuted with 1, 2, or 3 substltijer}}s_
sell8ct ed\ Phasmacgutiga)] q@Wposmon comprising a therapeutically effective

amount of the compound of any one of Claims 1 to 18 and a pharmaceutically acceptable

carrier.
20. A compound as claimed in any one of Claims 1 to 18 for use in therapy.

21.  Use of a compound of any one of Claims 1 to 18 for manufacture of a

medicament.

22. The use of Claim 21 wherein the medicament is for the treatment of a

medical condition in a mammal associated with 5-HT, receptor activity.

23. The use of Claim 22 wherein the disease or condition is a disorder of

reduced motility of the gastrointestinal tract.

24. A process for preparing a compound of formula (I),
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hal o, Cl1_4al koxy, -CF3, -0OCF3, and -OCHF2; and (f)
-S(O) 2R11 wherein R11 is selected from CL. 3al kyl,
wo agapisenyl , furanyl, thiophenyl, nnrphollnyPcTnmzmmmzmms
tetrahydrofuranyl, pyridinyl, naphthalenyl, pyrrolyl,
t hi onor phol i nyl, pyrrolidinyl, piperidinyl,
oxoazeti dinyl, 79 s‘2006/127815 PCT/ US2006/ 020085
t hi azol i di nyl, » \gknyl
2, 4-di net hyl i so optlonally
substituted with st ents sel ected from
Cl. 4al kyl , hal o, H@144alkoxy -CF3, - - OCHF2, and
-CN, or a pharnaceutgical | y- acceptable gﬁlt or solvate
or stereoisomer thereof t he process conpri si ng:
whefdid: reacting a conmpound of formula (I11): O N XIJNH N
N H HN-( R (Il) with a co ound of fornula (rrnr):
10 R iCs- saﬂed,eqmonallxswbetamedgv reacting a
?$ d formula (M11): O NH N NH NH -( R
(V ’lSSe $&dfoPh a conpound of formula (XI11): O HEN-X

(a) -C(O)OR? wherein R? is C;.4alkyl or ~(CH,),-phenyl wherein 7 is 0 or 1;
(b) -C(O)R? wherein R? is selected from:

phenyl, optionally substituted with 1, 2, or 3 substituents selected from
Cj.qalkyl, halo, Cy.4alkoxy, -CF3, -OCF3, and -OCHF,,

Cysalkyl,

Cyscycloalkyl, and

-(CHp)n-A wherein m is 0 or 1 and A is selected from furanyl,
thiophenyl, morpholinyl, tetrahydrofuranyl, pyridinyl, naphthalenyl,
pyrrolyl, thiomorpholinyl, pyrrolidinyl, piperidinyl, oxoazetidinyl,
thiazolidinyl, 1,1-dioxo isothiazolidinyl, and 2,4-
dimethylisoxazolyl;

(c) -C(O)NR'R’ wherein R* is hydrogen or Cy.salkyl, and R’ is phenyl
optionally substituted with 1, 2, or 3 substituents selected from C;_4alkyl,
halo, C;.4alkoxy, -CF3, -OCF3, and -OCHEF»;

(d) —C(0)C(R*R7)R? wherein R® is hydrogen or Cy.3alkyl and R’ is hydrogen,
-OH, Cy.zalkyl, or oxo; or R® and R’ form —(CH,),-; and Réis phenyl or
cyclohexyl, wherein phenyl or cyclohexyl are optionally substituted with
1, 2, or 3 substituents selected from C;.salkyl, halo, C;.salkoxy, -CF3,
-OCFj3, -OCHF,, and ~CN;

(e) —C(O)C(I—IRQ)ORIO wherein R is hydrogen or C;.salkyl, and R is phenyl
optionally substituted with 1, 2, or 3 substituents selected from Cy_4alkyl,
halo, C;.4alkoxy, -CF3, -OCF3, and -OCHF,; and

() -S(0),R"! wherein R is selected from C_alkyl, ~CHy-phenyl, furanyl,
thiophenyl, morpholinyl, tetrahydrofuranyl, pyridinyl, naphthalenyl,
pyrrolyl, thiomorpholinyl, pyrrolidinyl, piperidinyl, oxoazetidinyl,
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(XI1r) or (iii) reacting a conpound of formula (VI):
OOH NNH< RL (VI) 80 WO 2006/127815
wWERAIUSROD6/ 020085 wi th a conmpound of fornmul ap¢XUY006/020085
H2ZN X (XIV) to provide a conmpound of formula (1), or
a pharmaceutical |l y-acceptabl e salt or solvate or
st er eoi so%‘i‘zoﬂlﬁ@b’g dt1-digxo ssothiazalidingd 2, 4-dimghyizaxazotyl sand
compound | . . ~IN' X HN-~ RL (]
wher ei n: enlfyg B@r@g}(’ Fs(%ﬁs}utuﬁeﬂd&’wﬁ]%é@ qr? %‘Eftgﬂ?’gﬂ@?‘%‘%ﬁ from
(b) - (O B3,alk leils) (RIalksxyelest-edbr, r omphenyleN:
optional |y substituted with 1, 2, of 3 substituents
or aghagpaceyticallyraccentable palior, sobvateor sGxedisdrhentiiereo R, process
F3,. and - OCHF2, Cl1_b5al kyl, 15 C4_5cycl oal kyl, and
Jm A wherein inis O or 1 and Ais selected from
f ur@nyhctingtavoaiplaeny bf foftRRM): nyl , tetrahydrof uranyl,
pyridi nyl, naphthal enyl, pyrrolyl, thionorpholinyl,
pyrrolidinyl, piperidinyl, oxoazetidinyl,

y
thi azolidinyl, 1, Rﬂ\g@azol ' 'M]lyl , and 2,4
H
N

5 comip

N

HN~4
v
(1)
with a compound of formula (IIT):
10 L—X
(1)

wherein L is leaving group;

(ii) reacting a compound of formula (VIID):
O

; or
(iii) reacting a compound of formula (VI):
0

OH

(VD
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20 di net hyli soxazolyl; (d) -C(O C(R6R )R8 wherein R6
i s hydrogen or Cl.3al kyl and R7 is hydrogen, -OCH,

w@bkoogabisys , or oxo; or R6 and RC form - (CH2) 2- PCHOS2008020085

is phenyl or cycl ohexyl, wherein phenyl or cycl ohexyl
are optionally substituted with 1, 2, or 3

withsudostponoéaf Hraelad&d¥) from C1. 4al kyl, hal o,

Cl . 4al koxy, -CF3, 25 -OCF3, -OCHE2, yand -CN; and 81
WO 2006/ 127815 PCTHIS2 00 Ne) -C(O C(HRy)OR10
wherein RO is hydrogen kyl, and R O is phenyl
optionally substituted with 1, 2, or 3 substituents
sel ected from Cl_4al kyl, hefly)) Cl1. 4al koxy, - CF3,
-OCF3, and -OCHF2, or_a pharmaceutical |l y-acceptabl e

to prozide asempgrhelopnula(By eior RearAcTHErIBbCocpiRRIC Splb pREvate or
sterq%@?n%%o%g: reacting a conpound of formula (11): O

HN- ( RL (I1) wth a conpound of fornula
(I'V): 10 HOX (1V) wherein Xis selected from R3,
C(R6R)R8, and C(HR9) OR10 to provide a conpound of
f oRBul aA(prpeess for pyeparimgecenpenrd of fosmuls@®bl e salt or
solvate or stereoisoger thereof. 15 26. The product
prepared by the procgss of Claim24 or, Caim?25. 27. A
conpound of for (1N : HNX, 114 HNRI (I1)
20 wherein Rl i 541 kyl al)t or stereoisoner
or protected deriva}N ve thereof.

HN—

R’ 1)

wherein:

R} is Cs.salkyl; and
X is selected from
(b) -C(O)R® wherein R? is selected from:
phenyl, optionally substituted with 1, 2, or 3 substituents selected from
Ci.salkyl, halo, C;.4alkoxy, -CF3, ~OCF3, and -OCHF>,
Cisalkyl,
Cy.scycloalkyl, and
-(CHy)n-A wherein m is 0 or 1 and A is selected from furanyl,
thiophenyl, morpholinyl, tetrahydrofuranyl, pyridinyl, naphthalenyl,
pyrrolyl, thiomorpholinyl, pyrrolidinyl, piperidinyl, oxoazetidinyl,
thiazolidinyl, 1,1-dioxo isothiazolidinyl, and 2,4-
dimethylisoxazolyl; '

(d) ~C(0)C(RRNHR® wherein R® is hydrogen or C1.salkyl and R’ is hydrogen,
-OH, Cy.zalkyl, or oxo; or RS and R form —(CHz),-; and R%is phenyl or
cyclohexyl, wherein phenyl or cyclohexyl are optionally substituted with
1, 2, or 3 substituents selected from C;.4alkyl, halo, Ci.4alkoxy, -CFs,
-OCF3, ~-OCHF,, and ~CN; and
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28. A process for preparing crystalline
4-(4-{[ (2-isopropyl -l H

whewnso2msitlazol e- 4- car bonyl ) - am no] et hyl } PCT/US2006/020085

pi peridin-1-yl nethyl)pi peridine-lI -carboxylic 25 acid
met hyl ester, rocess cqQnprising: 82

2006/ (132?@@@)(1@?%?(3 Oodrozol 5sh>|(daqgeai0§|§e¢@vfﬂgandlélzfisphenyl
L2 ont it ARSERASHE 150558 Mot g o

lic acid e loyl,alRe€LCF) -OCF; RRdtOCctiH,yent sel ect ed
fromacetonitrile, ether, cycl ohexane, and et hyl

or a pbamzaceuticallyragnepisble sabior aplvats or wiseavisebwt ther® e arpgesss
of
comggflﬁlg:{[(z-isop_ropyl-lH-benzoim'dazole-4-carbony|)- 5

amygliAe b Rymbeiddest fimuih (): met hyl ) pi peri di ne- 1| - car boxy
lic acid nethyl ester per milliliter of diluent to
forma mxture; ) allowing the mixture to

evaporate to proyrdg ﬂsfj;::§:y3i2;§é[(2-isopropyl-
1H benzoi m dazol car onyll ) - am no] met hyl } pi peridin-1
-yl met hyl ) pi peridigé~yl - c re”“aci d met hyl
ester. 10 29. A ppncédss for preparing crystalline
4-(4- {[(2-isopropyl-RiH

benzoi m dazol e- 4- car bonyl ) - am no] net hyl }

pi peridin-1-yl methyl)pip eri@bne- | -carboxylic acid

.,methyl ester, the process conprising: (a) reacting
witlha ¢ ’ﬁ%&EﬁW?F@% i m dazol e- 4- carboxylic acid

(pi peridin-4 15 yl net hyl )amgde with

4-f ornyl pi peri di ne-I-caronﬁig acid nethyl ester in a
pol ar aprotic diluent; (%? a&ﬂing acetonitrile while
distilling the product of g (a) to renove the polar
aprotic diluent fromthe product of step (a); (c)

whepeie pais setpoted fiont B?,eC@?fRf)iBg, andsC @R OROrto pheyide a compound of
di.stil | at] f st b) ipn 2 tonitrile.at
U i N e e L

4-(4-{[(2-

i sopropyl -1 H benzoi m dazol e- 4- car bonyl ) - am no] net hyl } p
i p@6i di rEhe-pryductpiepitedibpérd mioosss of ClaildydriCdaiac?d

met hyl ester per milliliter of acetonitrile at a
tenperature sufficient to dissolve the residue; and
(d)27900|AQ&n%a§ldrH'f)f$ﬁmﬁa .step (c) to a tenperature
of no nore than about 20 Cto 25 provide crystalline
4-(4-{[(2-isopropyl -1 & benzoi m dazol e- 4- car bonyl ) -

am no] et hyl } pi pertdir é hyl ) pi ,'_Ii di ne- 1- car boxy
lic acid nethyl ¢ . g0. [The w@iﬁ prepared by the
process of C ai m2¢og d ai B . A nmet hod of

treating a mammal (Rawi ng a nedi cal condition
associated wth 5-HI¥1receptor activity, the nmethod
conprising adm nistering to the mamml, a

(I

20 whereinR!is Cs.salkyl,

25

or a salt or stereoisomer or protected derivative thereof.

28. A process for preparing crystalline 4-(4-{[(2-isopropyl-1H-

benzoimidazole-4-carbonyl)-amino]methyl} piperidin-1-ylmethyl)piperidine-1-carboxylic

acid methyl ester, the process comprising:
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t herapeutically effective anmount of a pharnmaceuti cal

conposition conprising a pharmaceutically-acceptable
weareigrsiand a conpound of any one of O ai ns 1PCDUIRIN6/020085

83 WD 2006/ 127815 PCT/ US2006/ 020085 32. The net hod of

C aim 31 wherein the nedical condition is selected

f r §ah dispersingA-4- hm;émpsgmdjﬂblhbenzemidmoée geadonpxt i on,

am1 ; C }’g&ﬂﬁﬁﬁ@éb g-lyﬁfl QB%S%I?% %%%rségrggﬁ? %06%%1@ dster in an inert

dilubf %El‘e@t@@ Rt AcRtdnktflS ether) LoSibhdd@dhe, ahd ethyl acetate in a proportion of
pseudo- obstruction, and drug- i nduced del ayed transit.

betvdsn abomelﬁhmgiam:’t 23 megaf tr(g- ﬁ(%xsgwpaﬁklféﬁemmu@aole-él carbonyl)

gl el st e iRt b et g beid Bl TR b

m11111ﬁ@1fcﬁfélﬂ%ﬁt5%6|fér}haﬁﬁitﬁfét hye ‘amount of a pharmaceuti cal
conposi tion conprising a pharmaceutically 10

ac (eylvling themuixawre waaowtntp avmmdmrystnl}m@ A 4ol Casepranyl-

hod
12 Bkt 4robto et ety iRty APEE R Db BRaipe
carb%ﬁﬂ%déoﬁ)@hieﬂg/ 1e@@NSti pati on-predom nant irritable bowel
[

syndr one abetic and idiopathic gastroparesis, and
functi onal dyspepsi a. 15 35 A net hod of studying a

bt e SR E TRl

b nia ﬁhd%gbl%ai YRR FRRYISp ki dinal - FRHERS b eplirR Y cABExyli
ot d ai rrscl to '18; gnd 20 ?g? dgterm ni ngq% heleffgct yHe

a01dcra@tlaﬂcbstﬁy, thhprocmommdsmg t he bi ol ogi cal system or

S ar@)l 1‘%510’[181’1% 2-isopropyl-1H-benzoimidazole-4-carboxylic acid (piperidin-4-
ylmethyl)amide with 4-formylpiperidine-1-carboxylic acid methyl estet in a polar aprotic
diluent;

(b) adding acetonitrile while distilling the product of step (a) to remove the polar
aprotic diluent from the product of step (a);

(c) preparing a mixture of the residue from the distillation of step (b) in
acetonitrile at a concentration of between about 50 and about 125 mg of 4-(4-{[(2-
isopropyl-1H-benzoimidazole-4-carbonyl)-amino]methyl} piperidin-1-
ylmethyl)piperidine-1-carboxylic acid methyl ester per milliliter of acetonitrile at a
temperature sufficient to dissolve the residue; and

(d) cooling the mixture of step (c) to a temperature of no more than about 20 °C to
provide crystalline 4-(4-{[(2-isopropyl-1H-benzoimidazole-4-carbonyl)-
aminoJmethyl}piperidin-1-ylmethyl)piperidine-1-carboxylic acid methyl ester.

30.  The product prepared by the process of Claim 29 or Claim 30.

31. A method of treating a mammal having a medical condition associated
with 5-HT, receptor activity, the method comprising administering to the mammeal, a
therapeutically effective amount of a pharmaceutical composition comprising a

pharmaceutically-acceptable carrier and a compound of any one of Claims 1 to 18.
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32.  The method of Claim 31 wherein the medical condition is selected from
irritable bowel syndrome, chronic constipation, functional dyspepsia, delayed gastric
emptying, gastroesophageal reflux disease, gastroparesis, post-operative ileus, intestinal

pseudo-obstruction, and drug-induced delayed transit.

33. A method of treating a disorder of reduced motility of the gastrointestinal
tract in a mammal, the method comprising administering to the mammal, a therapeutically
effective amount of a pharmaceutical composition comprising a pharmaceutically-

acceptable carrier and a compound of any one of Claims 1 to 18.

34.  The method of Claim 33, wherein the disorder of reduced motility is
selected from chronic constipation, constipation-predominant irritable bowel syndrome,

diabetic and idiopathic gastroparesis, and functional dyspepsia.

35. A method of studying a biological system or sample comprising a 5-HT4
receptor, the method comprising:

(2) contacting the biological system or sample with a compound of any one of
Claims 1 to 18; and

(b) determining the effect caused by the compound on the biological system or

sample.
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