10

15

20

25

30

35

- WD 2006/ 127815PCTI US2006/ 020085 5
BENZI M DAZOLE- CARBOXA1VHDE COMPOUNDS AS 5- HT4
RECEPTOR AGONI STS 10 15BACKGROUND OF THE | NVENTI ON
in the Invention The invention js;

ng ?dggfgfés to benzi m dazol e- car boxam de con‘poundssz\/\%wz(f?85
are useful as 5-HT4 receptor agonists. The invention
is also directed to pharmaceutical conpositions
conpri sing such conpounds, nethods of using such
conpounds for treating 20 or preventing nedica
condi tions nedi ated by 5-HT4 receptor activity, and
processes and intermedi ates useful for preparing such
conmpounds. State of the Art Serotonin
(5-hydroxytryptam ne, 5-11T) is a neurotransmtter
BENZIVED AZ.O¢ /EyCARBOXAMIDE €OMPOONDE Ol smelﬁﬁﬁm:
both in the central neryegsISystem and i n periphera
systens. At | east seven subtypes of serotonin
receptors have been identified and the interaction of
serotonin with these different receptors is linked to
a w de variety of physiological functions. There has
been, therefore, substantial interest in devel oping
therapeutic agents that target specific 5-HT receptor
subtypes. 30ln particular, characterization of 5-HT4
receptors and identification of pharmaceutical agents
that interact with them has been the focus of

lei'gsg”ig;; é;;;f angl S SROEND QR IEE By TIEET G sec
19-344.) 5-HT4 receptor agonists are

us @hminvemmmhrebream b@lﬁhmﬂizow-&'ﬂfoﬁ%ﬁe Qbm S{S&QH@%& are
t astrolintestinal tract
use a§ Sr‘ﬁ@.y’ PRE P%Fﬂlg‘ - r hednysnionislsp disgaiedite mbarmace(uu@g)
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astric g gash- oesophagea i Sease
OF PIFYSERpS m S%IFP]EFB pusgpasliatesidut S-Hf e reatritarerctitiguisnd processes and

nﬁmhﬁﬁﬁﬁguﬁﬁhﬁﬁﬁﬁ&gﬁn% 838@%&ﬂﬁs and drug-i nduced

del ayed transit it has been suggested
that sonme 5-1314 receptor agoni st conmpounds may be
Sm&Hﬁ%ﬂ:%g the treatnment of central nervous system
rsorders including cognitive disorders, behaviora
di Sewtdein ﬁ—hymqui{)ﬁmﬁxﬁeﬁ-ﬁ’r) am%;ééﬁml?f&?ﬁ& tgit lm{afefyO'
i on spite e broad
d‘smg{“"$ H”t‘ gﬁ? t oot indhe cengatfiesvons sstery dnddn Beriharal
systeme CApleadt sé@h sWbithpés of @fbtéﬂlﬁqéjceﬁﬁﬁqﬁ{f@geeﬁl gﬁ:ﬂﬂlﬁéd and the
; g@ ﬁ$ds are in clinical use at pre
o era,se piietrimn with drege differiveeaptdareis Imhmd t5 anFIIde vaziespifor
hysiok hﬁﬁﬁ&ﬁbﬂ@tT@%%% €
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m ni mal
therapgaytip geeptstikat tyge spacificesHTirageptoy eu‘btﬁae& ect ivity,

o B AR ok 87 S e R B ol B oo of des
pharmppgeuicalagents thatiatck dvatvith GEaERS b@eﬂﬁéf&%ﬁm@fﬁc@%‘}%&{
actwlgrcéé O{I% Aﬂg‘v% Ot er pr opert | es ounds o

PSP R S Bepeds Prhinnel ql@wifybmemer dnifed dlreet 2603,
46, 315’-3‘4"@4} 5 EH@EHc%to@@@ﬂisf%taﬁe sk ﬁgve een &e({l r(ie?s of reduced

ounds of the disclosure oun
motilig iths gastoipsstasi @a%hﬁmqamh@kqtmmdmm bma siiraie

(IBS)ahkdR ¢ T ﬁ}[%fq? %]ﬁyeglt ? INg 4 first

bloavalla |I|ty upon o
aspect, there is provided a conpound of fornula (1):

0 1-1 N, X (1) whereint R is C3_3alkyl,
optionally substituted with -OH, and X is sel ected
from(a) -C(0O)OR2 wherein R2 is G _al kyl or
-(CH2) n- phenyl wherein nis 0 or 1; (b) -C(0)RS3
wherein R3 is selected from phenyl, optionally
substituted with 1, 2, or 3 substituents sel ected
from hal o, G al koxy, -CF3, -0CF3, -OCHF2, and -CN



(e) -C(0)C(HR9)OR19 wherein RO is hydrogen or

Cl. 3allkyl, and Rl is phenyl optionally substituted

with 1, 2, or 3 substituents selected fromd _allcyl,

hal o, G _al koxy, -CF3, -0CF3, and -OCHF2; and (f)

-S(0)2Ri | wherein Ris selected from G _3al kyl,

- CH2- phenyl , 2,4- dinethylisoxa7olyl, and phenyl

optionally substituted with 1, 2, or 3 substituents

sel ected from Cki al kyl, halo, G.iial koxy, -CF3,
gastrO@bghageal @Hgmsegqq@(}‘ﬂm) ggq;trogarems, posi-operative 1leus intestinal

o BIEHIRRGHL Bt BBl ok, Bty oy

thai SmerSQVT,deckpRr 8ottt abthpsimds may be used in the t:reatment of central

4- (4- ([ 2-1sQpro I-Iktbe e4-c ani no
nery%(éts Hr g pt ’&t% *ﬁ@%‘?f%%tn ¢ a‘”‘)‘f?@ g&zﬁ“’"?
disGdrs] HPEENbere st @Jntr@fofﬂmﬁﬁbﬁﬁﬂiiﬁndtﬂﬂﬁr eof . Accordi ngl y,

the di scl osure provi des a conpound of, formnu léﬁ%

wh&deapite: thapropdntaiy ginhaymaccapt gt Wd’élatﬁ’ét”tfﬁt Ht h

Q in R2
actifi] G s oSt SRS A i Uit e 1,
AcctiiinglyOf)eR8 2 heek foi nevR3-H's reasplot agsaists fhehachiskie gl desired

otfogR MR BB S Sl 15 teithd hots faypebbsd a0l enics,

improédeRctidiig potéity, ﬁﬁnﬁﬁ(}ﬁkﬁﬁﬂb boptriiespard/or @) of actich.
wherein inis 0 or 1 and Ais selected from am no,
filny', thiophenyl, norpholinyl, tetrahydrofuranyl,
pyridi nyl, naphthalenyl p rronI t hi ormphol i nyl,
pyrrolirlinyl, piperidi ‘%azetldlnyl
t hirge leﬁlgsluf}yﬂrow&es Jnogé] Q&And u%&t thét%%@»lﬁs aipy,| receﬁt'afdaé%ni@f activity.
di met hyl 1 soXazol yk %X wherein R4 is
Amadng gtheigappegies, @gmg@(g_tﬁg,q_ thea(fqa:]qagre have ,Qpp@rfwnd écb?q v qtrsgl selective
5- H'l?i :}%tblt ééI()Egﬁs Vﬂltaﬁiht”ton éﬁ:ﬁéﬂred goéﬁbg%s of @@Bﬂ&s@gﬁﬁéaﬁﬁg 8€kn found to
exhibip{amprable Wmac@(ﬂ@;t@( II@‘?G!?@)“RSH th@@lemﬁie 1whigh 18 PrflisHeyefriood
bioa Moty uid Y hafitlrltonl s Nydrogen, -CH or O sallcyl;
or R6"a R/ taken together formoxo or -(CH2)2-; and
BY is phenyl or cycl ohexyl, wherein phenyl or
cycl ohexyl are optionally substituted with 1, 2, or 3
substituents selected from G 4al kyl, hal o, Cnal koxy,
-CF3, -0CF3, -0C1115, and -ON; (e) -C(0)C(HR9)OR16
wherein BY is hydrogen or Cl..3alkyl, and Rl is
phenyl optionally substituted with 1, 2, or 3
substituents selected from Cral kyl, hal o, Omral koxy,
-CF3, -0CF3, and -00HF2; and (f) -S(0)2R11 wherein
R11 is selected from Cl..3allcyl, -CH2-phenyl,
furanyl, thiophenyl, norpholinyl, tetrahydrofuranyl,
pyridi nyl, naphthal enyl, pyrrolyl, thionorpholinyl,
pyrrolidinyl, piperidinyl, oxoazetidinyl,
thiazolidinyl, 1,1-dioxo isothiazolidinyl,
2, 4-di net hyl i soxazol yl, and phenyl optionally
substituted with 1, 2, or 3 substituents sel ected
fromOCnallcyl, halo, Cmal koxy, -CF3, -0CF3, -OCHT2,
and -CN;, or a pharnaceutically-acceptable salt or
sol vate or stereoi soraer thereof. According to
a third aspect, there is provided a pharnaceuti cal
conmposition conprising a conpound as defi ned above

and a pharnmaceutically-acceptable carrier. 1In a
fourth aspect, there is provided a conpound as
defi ned above for use in therapy. Ina fifth

aspect, there is provided the use of a conpound as
defi ned above for manufacture of a nmedi canent for the
treatment of a nedical condition, the condition being
sel ected fromin-itable bowel syndronme, chronic
consti pation, functional dyspepsia, delayed gastric
enptyi ng, gastroesophagea refl ux disease,
gastroparesi s, post-operative ileus, intestina



phenyl, optionally substituted with 1, 2, or 3
substituents selected from Clalkyl, hal o, Cl4al koxy,
-CF3, -0CF3, and -OCHF2, C _b5allcyl, C4.5cycloal kyl,
and (C112).-A wherein inis O or 1 and Ais selected
fromfuranyl, thiophenyl, norpholinyl,

tetrahydrof uranyl, pyridinyl, naphthnlenyl, pyrrolyl,
t hi onor pholinyl, pyrrolicllnyl, pip eridinyl,
oxoazetidinyl, thiazolidinyl, 1,1-dioxo

i sot hiazolidinyl, and 2,4- dinethylisoxazolyl; (c)
-C(0) NR4125 wherein R4 is hydrogen or G -sal kyl, and

BY i enyl optionall.y substi pth.1, 2, or 3
o oo 11 P BB R e R bt B - 2 o S
-CF3, -0CF3, and -OCI £F2; (d) -C(0) C(R6R7)R5 wherein

BY i s hydrogen or 3R and i% hydrogen,
X0; Hor |R6 and e form - (CH2) 2-;
Mclohe , I n phenyl or

-OH, Cl_3alkyl,
ggélly substituted with 1, 2, or 3
edi

and Rs is phenyl
cycl ohexyl are opf
substituents sel ect from Cmal kyl , hal o,, Cral | coxy,
-CF3, -0CF3, -OCHF2, and -CN, (e)-CKO)d%MRg)ORl
Wﬂ@g%,ei n RO is hydrogen or C _3alkyl, and Rl is phenyl
op?lbnally substituted with 1, 2, or 3 substituents
sel gCtied; falom dptioab Ky bybshiaital with -@HL ktdoxy, - CF3,
-0CE3, and -OCHF2; and (f) -S(0)2R' -wherein RHis
sel ectsedlepteddionn. . 3allcyl, - CH2-phenyl, furanyl, '
t hi opheny, eRhol i1-Ny2,: t r Ra s s .
pyr i di TR R s ER R R Rc ehgrein pis O or 1
pyr r ol (hgLOR’ WHRRIA BF Ay beleciedofaaat i di nyl ,
thiazolidinyl, 1,1-dioxo isothiazolidinyl, .
2, 4- di met hyphénybxapziohgily, subsdtuisdenih 1. oF 3 sastijuents selected from

substituted w.th O 3 St it u >t
from G _ol kyl ?lﬁ%#xl: %@4911*%%0;@: '%F'gﬁ@o%%%%ﬁﬁg@
and -CN, og ?m%harnaceuticalIy-acceptable salt or

sol vate or Stereoi soner t hereof, the process
conpri si ngCsfdyrlaablattandg a conpound of formula (11):

Gi1y: LoxGhdrsbarn o 15 957 TR Ags §iteqiRl Bppiyino, furans,
Compound of Sl Ay PP E R B R )
reacting a congehibdensfl, formula (VI): 0 NH4 (VI) with
a comoung oHri® Whedin Kt {kydiogenor Cr.salkyl, and R is pheny]
optionally substituted with 1, 2, or 3 substituents selected from C;salkyl,
halo, C;.salkoxy, -CF;, -OCF3, and -OCHE;;
(@) ~C(O)CRRT)R® wherein R® is hydrogen or Cy.zalkyl and R is hydrogen,
-OH, or Cysalkyl; or R® and R taken together form oxo or {(CH;).-; and
R%is phenyl or cyclohexyl, wherein phenyl or cyclohexyl are optionally
substituted with 1, 2, or 3 substituents selected from C;4alkyl, halo,
C;alkoxy, -CF3, ~OCFj3, -OCHF>, and —CN;
(e —C(O)C(HRg)ORm wherein R’ is hydrogen or Cy.zalkyl, and RYis phenyl
optionally substituted with 1, 2, or 3 substituents selected from C;alkyl,

halo, C;4alkoxy, ~-CF3, -OCF3, and -OCHF;; and

2a



to provide a conpound of forrmula (1), or a

phar maceutical |l y-acceptabl e salt or solvate or

stereoi somer thereof. In a seventh aspect, there is
provi ded a process for preparing a conpound of

formula (1), 0 (1) wherein: R is C3_5alkyl; and X
is selected from (b) -C(0)R3 wherein R3 is selected
from phenyl, optionally substituted with 1, 2, 3
subst i t(fier(6),841 wherein R Gasetairaey C)- alhleilgCHz-phenyI 2,4-

Cl4al koxy, 0CF

CAr scycl oad melﬁﬁéﬂiwyphemﬁ?%gﬁgﬁ?\%tlﬁfﬁ gith 4, 2, or3
and Ais s | yalyiaRNEN Ik . <CF3, -0CF, -
nmor phol i ny‘lglll %ﬁet r{ashsy?%mepﬁcgigg:l” %’Sr. di nw o * ?

napht hal enyICHRY sidHEN; t hi omor phol i nyI

pyrrolidinyl, plper|d|nyl oxoazeti cl —

Ph 2ot psmgdes o ascangbic sk b yels s isoma tsrept.

di rnet hyl i soxazol y1; (d) -C(0) C( R6R7) R8 wherein R6 is

Igjyi;glgﬁ Pgrs%;lqnd %§§écb¥her an drO\Ff\;?e rﬂ gﬂ[iﬁg Q?%ii&ii%fl;mpglﬁld{-ﬁ%lzoimidazo]e-

i S zptremyl) ammo}yx&:lthyr}eppyd}dm—\l\;iym:e@]ypplphémy[i—cgrboxofy@ lacif ewgthyl ester or a
Ftlonaly substituted with 1, 2, or 3

sub§ USRPS selected from G _01lcyl. halo,

Cl4al | coxy, -CF3, -0CF3, -OCHF2, and -CN;, and 3c (e)

- (0) & HR%ag el ﬂoadaxs%ﬁ B erfor(r}iluiasqjlkyl
andelspeny opt 1 onal ysubstl ted with

3 substituents sel ected fF’om Cl4al kyl, hal o,
C _aal koxy, -CF3, -0

' = ( 2: 2

phar maceut i cal | y- accgpt a cﬁ&at e or

st er eoi somer thereof, eNproce npri si ng:
reacting a conpound oi—;Nf—erruIa(ll) 0 (H vvitha
conpound of formula (IV):R'(1V) wherein X

selected fromR3, C(R6R7)R8, and C(HR9)ORl to provi de
a cofpmimd of fornula (1) or a

phar mace I Ul gl yate or
st er eoi sgn%r ﬂkylagﬁt?%%ﬁﬁ%s% ht “gtépgciﬁt here is
g;gvi dedcé{asmm&ninof forgula (ID: 0 (H wherein
is qr a salk.o I, _Ofr — )
pr ot ect ed Z"S ‘5 K RRar &t 14 A of —{(%Qg?pr?mﬁf]ﬁ"’hemmﬂmoml’

aspect, %)GCQngvﬂiékéiﬁwassﬁIeae@&mfor preparing
crystall|ne 4- % 4-{[(2-]

sopropyl-
1H- benzoi ni daz@hen B@Bﬂ? Wit bt g 3 substituents selected from
pi peridin-1-yl metkyl )0 RELI cObiery, @8 oy -OCHF;, and -CN,

CI iSaIkyI:
Ca.scycloalkyl, and

2b



acid nethyl ester, the process conprising: (a)

di spersi ng

4- (4-{[ (2-isopropyl- 1H—ben20|n1dazole4 carbonyl)-amn
o] met hyl 1 pi peridin-1-yl met hyDpi peri di ne-1-carboxylic
acid nethyl ester in an inert diluent selected from
acetonitrile, ether, cycl ohexane, and ethyl acetate

in a proportion of between about 15 ng and 25 ng of

4- (4-{[(2; ¢ ﬁ%p FORY dreihbh EWQ' dﬂd@i@% Qb1eciA fed ﬂﬁmé,]ﬁlranyl
an1no]|net Pplperldln 1-yl met hyl ) Pi peri di ne- 1- car bo
xylic acid maiopmauyb stoaphopieyl, tekvbydrdtwaRyLeyridny a5yl

fesgrpno?a[next g}’r}'g‘f’g@.rlﬁglg:\b%%yg m&ﬁ%ﬁgh&ﬁﬁ ﬁbéﬁdﬁﬂyﬁ ochazetldinyl,

4- (4{[(2 |sqgﬁgﬂykgidazakﬁoﬁmﬁﬂﬁbbmyﬂymdﬁﬂ~noInethyl
piper' d in-|-ylmethyl)piperi dine- 1-carboxylic acid
et hyl est erdimethylisoxazop/is” t ent h aspect, there is

pr ovi € 4 gt ahll RA® pheny!
4- (4- ‘?f?éé 1‘?%% g%%e%&i BhARBENG GLARL v L)

ol m dazo) e- 4- carbo gl%: éﬂﬂ
no]nethybmkmdhpebmﬁdbﬁﬁi Vi Reen opitients selpgiet frqm Cira
- car boxyl i fﬂ ety 6@% Eﬂdqﬁgﬂgrocess
conpri si (?é Pea >
2-i's q@yag(y))c(kl“k ﬁwhe:mnc&%e hydrogenca Cooaipl s Rids lydrogen,

i peridi n-4- .
47t bnny! EBr LapBen ey e e pn g S G md
a pol ar Rpfs%hérﬁrl Gf &yd}%lﬁtexyl (Wilereig herg! mﬂmlrm eptionally
while distil'ling t product . of st? ég%@{Q
t he pol asubstried W’s’fhdla PursidtsupstEReRiSEIch ﬁ‘fh%gq?g
(a); (c) 5@8 P, dofextoremmf adghent esi due fromthe
dlstllla g# ?% ?g?

In acetonitrile at a

conc Q&)t—(&O)(ﬁ{HRB)‘Olb‘%Mm Rbis ydmeends §raalotitand BE ipgheswl
4 (4-{[ (2 ‘gﬁ@eﬁlﬁ%&we{*&%ﬁze' 3 A HRad sGRHROR L S,

1nol net hgAHe
yl met hyl 394, gy, dlgd,;@gu(jﬁpa}(bm(mhd ©GEH,gmdet hyl  est er

FLilit f t t
S0f 1 TR Sl Stk 165 PR ErReslh dE e Sl Py
t he n1xt&{§gg& §&ﬁﬁmﬁﬁ@Lhﬂmﬁy&ﬁﬂﬁ@@@@ﬁﬁﬁn@hﬂﬂmmmﬁﬂﬁ

t han about C'to provide crystal

4- (4-{] (Mommpymmﬂewhﬁ%me@m&ﬁ oxoazetidinyl,

car bonye M RizBRT il N
e- 1-car b%%?z ?h:ﬁéﬂ aglle %I mrétl)e;th Egoaﬁéisﬁggrh yﬂzﬁléﬁg@k s
enbodi mgsienyl bjiﬁéoﬁkiﬂs siﬂmurtei with\i Y53 auhgﬁmmttwlﬁ’é’fed from

COMOUN oLy R Al hbok] cFLBRL bl uap-e°

4-e 43 fn&ﬁr?ac&fﬂ@ﬂf@ﬁiéépt%‘le lpgD@0dol¥ Akt Gtesbisomer thereof.
carbonyl)anlno]nethyl} pi peridin-1-yl met hyppi peri di ne
- Ia&ardRty b ifird asied, Mefehyproeaéder pHaasicdns exh congpositort epmprising a
have a nelting te erature] n thgm£%§ge of about 145
compeyndgs defpige aboyEanda BHFY B WBE R about 146 and
about 148 C, a degradation tenperature above about
240 C, and to exhibit weight changes of |ess than
about 0.25 % when exposed to a range of relative
hum dity between about 2 % and about 90 % at room
tenperature. Additional crystalline forns of
4-(4-{[(2-isopropyl-1H benzoi 1Bldazole4- WO
2006/ 127815PCT/ US2006/ 020085
car bonyl ) am nej et hyl } - plperldln-l-ylnethyl)piperidin
e-1-carboxylic acid nmethyl ester are also provided in
further enbodi ments of the disclosure. In a nethod
enbodi nent, the disclosure provides a nethod of
treating a disease or condition associated with 5-HT4
receptor activity, e.g. a disorder of reduced
notility of the gastrointestinal tract, the nethod
conprising admnistering to the manmal, a
therapeutically effective anount of a conpound of the
di scl osure. Further, the di $closure provides a nethod
of treating a disease or condition associated wth



The invention provides novel

benzi m dazol e- car boxam de 5-HT4 receptor agonists of

formula (1), or pharmaceutically-acceptable salts or

sol vates or stereoisonmers thereof. The foll ow ng

substituents and val ues are intended to provide

representative exanples of various aspects of this

i nvention. These representative val ues are intended

t 0 hyrdBasR, tHat isnLovides B casand S dadd alsoee Awtise in therapy.

i ntended to exc] ude ot her val ues [imt . the p

of 10t YRR GREF 1 PEVIEE A [ 2o SO phelelied sbove for
'madulfh‘éﬁlfht btos!ﬂ ,meacanhs‘élt €3 thdakdteylt, of Qpﬁatmabéryﬂltﬁnﬂ,bmblcbmmm being

I n_anot her specifi.c as

Se'eésd i@ﬁkwtabls@Pwe’oimérf’m%p@lf?fﬁ 80“5 8%‘% ﬁl heiprial dyspepsia, delayed

gast%.eﬁﬁ@h%' gasﬂfesdﬁhagehl&eﬂﬁ@@ﬁ@&y lgas&bpate@lﬁ t pdetidpytative ifeus, intestinal
anot

er _speci i.s i sopropyl. In yet
pseysiotpltrugingendid @gdgﬁl@aé alygq trqnyt -
1- hy d @ pectBERYd pﬁ‘&\hdéld,a pRdcesd fdTypekp@ny 4 Lompduyd et thiyula (1),
In a specific aspect, X is -C(0)0OR2 wherein R2 is
G _aal kyl or -(Cl1B)1,-phenyl wherein nis O or 1.

I n anot her sp b_aspe $(0)OR2 wherein R2
is Cl_3alkyl dﬁ%?TiE}giﬂgi:ﬁpeC|flc aspects, X
is -C(0)0OR2 'H R2 i or phenyl, or 5
wherein R2 is g l. In a specific aspect, X is
-C(0)R3 wherein =i s sel ected fronuﬁhenyl,
optionally substituted with 1, 2, or ‘3 substituents

_WhﬂﬁﬁJected fron1CnaIkyI halo, Cmal koxy, -CF3, -O0CF3,
F2, and - CN, sal k I; yc] oal kyl;
'R Gaslih oot oAy HEP ORI O S0t 3 and A | s

S gg&g g ami no, furanyl, thiophenyl
9& hol ?ﬁé? tetrahxdrofuranyl 10 p |d|nyI

napHERdl@YGHE: winysin & 34 C1-elbafor SHON PR wheteir nis 0 or 1

pyrr | BE sRyoazetidinyl,
t hi & L‘ﬁ?%’y"f’h‘%ﬂ‘q% i eblea 22700 © nyl . and
2, 4- di et aptiont sybstiniod it Bieot histigpeiddctd fom

aspect, ein ny tionally
substltute wﬁ%&?%ﬁ%ﬂ@h 088 Eﬁﬁﬁﬁyg bgg@gcted
from Cl4gl k1, hal o, Cmal koxy, -CF3, -0CF3, -OCHF2,
and -CN. 15l n another specific aspect, Xis -C(0)R3
whereln(hSQF@a@91§&ﬂltyl or Ca.scycloal kyl. In

anot her f@ﬁ%%&h&&ﬂ%fs’ogfl'a%dﬁg(sgélé%%d"ﬁb%fﬁﬁ-ﬁlyﬁ 3is

-(C1-12) eretn mis O and A is selected from

am no, fur ahyibhenyhrmgﬂ@hyﬁ temmm ipyridinyl, naphthalenyl,

t et rahydr of u I di ,
thi oot phoPoR L BgRPapPi AR A ey, RuEkRlK),
oxoazet i di mmhzoh‘ﬂbjyﬁzlgl dhdxcm;tsbi;hlakpl]ﬂ:mjs,ﬂcmmbzAIw
|soth|azol|dlqg Saand 4- di met hyl i soxazol yl . 20l n

anot her sp&ERg §$@5’ Xis -C(0)R3 wherein R3 is
phegyle omhlﬁ@mhéﬂmwkﬁ hydragaadxml ga!ncyl, afd R2is phenyl

substltuents sel ected from Cm %; hal 0, and -

fur anyIOPﬂQnaUWmlbméP@/Fﬂthl 2, 0r3 Substiisrts slgpiad %&é@i—fa%‘aﬂ
aspect . phenyl optionally
SubStlfljl?% g 311%%,0(%3 substltuen s sel ect ed from

met (&) Lc(@m(m%')R”r Wheyein ﬁnmhyd@@m oof1-ByPEdiR is hydrogen,

furan- 2- i ophen S g.

aspect , 0% &' 35&%’)%@5?&0 er R fﬁﬂl_@}@%dfg%%(g:%nls Bhenyl or

O sal lgybloheiid wWRerdiSplit§Iot cyciphéxghnat bpﬁoﬁﬂb&hbsttiﬁltaﬁmth
th 1, 2, or 3 substituents sel ect n1CnaI§¥

haI 0, GndlR3xybsitiegnts selegioffrom, fryeel P'a 41K Sttfer

speci fi, s 0) NR4R5 whereln R4 is
hydrogeﬁcgﬁgﬁﬁtghémhéfmgée0|f c aspect, X is

-C(0) NRAR5 wherein R4 is hydrg@en and B.5 is phenyl
optionally substituted with 1 or 2 substituents
selected from C 4al kyl and halo. In other specific
aspects, X is -C(0)NRARS5 wherein R4 is hydrogen and
B.5 is phenyl optionally substituted wth 1 halo, or



optionally substituted with 1, 2, or 3 substituents
sel ected from Cmal kyl, hal o, G 4alkoxy, -CF3, -0CF3,
- OCHF2, and -CN. In yet other specific aspects,
Xis -C(0)C(R6R7)R8 wherein R6 is hydrogen and R7 is
hydrogen, -OH, or nethyl; or R6 and R7 taken together

form oxo, or, - . .and . 1.S.15 pheny r 10 -
cycl ohe )‘?%/Té(a)\é@%?@% p ﬁ‘&’?ﬁm girg s By PR F3a&c}9'g and R is phens]
opti onal |y osasily uskiastewhtifh 112 06r 32ulssdhishth bRt From Cy_salkyl,
sel ected from Cnal kyl and hal o; or R8 is phenyl or

cycl ohexy| halojéeliorspHelry 1Ol B3AERER P ar e
e

sel ect , fluoro,.
speci fi c athpphdnyl, Xasphaingl) CLELRBYBIREE, pyptidingl, mpRBalesyl,

st 1t ut b ety B L o et o
f rom Cmal Kiykzolitialb 1,1 iedodestyizzadiayl, 24ahRasthyinekaddHER

I n anot her_ specific,as t A4S 5 HR9) 0
wher ei n R@thS'F ?RP&P%S%SHQ%&MF}%%%I%? % %?go“%%ﬁle%ﬁ%%ﬂ fom
aspects, Xyl G Cf HRDRORUE: WOEFS HOCIRD,, iufil -IoNjr ogen
- or_ 25 methyl and R19 js Qgen I qgtLonally substituted
S P R SR L LA SR R tesrenticye PRARES
aﬁ@hgngor phenyl optionally substituted with 1 or 2
substituents selected fromnethyl, fluoro, and
chl & eeacting agompewidfaf foramf@h; Xi s - S(0)2R11. wherein
RHis selected from G _3al kyl, -CH2-phenyl, furanyl,
t hi ophenyl, norpholinyl, tetrahydrofuranyl,
pyridinyl, napht gy pyrrof yINH
t hi onor phol i nyl , SpyRrol'l di RyLN. piperi di nyl,
oxoazetidinyl, thia idinyl, 1,1-dioxo
isothiazolidinyI,Hﬁ, - di met hyl i soxazol yl, and phenyl
optionally substitut&d with 1, 2, or 3 substituents
sel ected from Cmal kyl, hal o(mCl. . 4alkoxy, -CF3,
.- 0CF3, -0OCHF2, and -CN. In anot her specific
with g perpponngof Krrge¢dBR11 wherein R 1 is Cl_3al kyl,
2,4- dinmethylisoxazolyl, @ryphenyl, optionally
substituted with 1, 2, or 3 substituents sel ected
from Cmal kyl, halo, Ci al ké¥), -CF3, -0CF3, -OCHF2,
- N t her specific aspects, X is -8(0)21211
“&m%ﬁg%é%%%?ﬂékﬁi?’nethyI or phenyl 5 optionally
suligitredctib @ dlcodhpdund obfor@2uB(VIM):t uent s sel ected from
Cmal | cyl and hal o; or mhsh | or 2 substituents
sel ected fromnethyl, fijuoro, and chloro. In one
aspect, the inventi i compound of formula
(1) wherein R -is yl; and Xuyks selected from
ekn
4

10(a) -C(0)0R2 wher .2 1S .. 3al kyl or phenyl;
(b) -C(0)R3 whereinNH3<Fé phenyl, optionally
substituted with | or 2Rgubstituents selected from
G . al kyl, hal o, and - CF3; ranyl ; or thiophenyl;
(c) -C(0)NRARS wherein R4 is hydrogen and B.5

with 3 sphpopll obfsthongdKEF): substituted with 1 or 2
.substituents selected fyom C1-44311 and hal o; 15 (d)

- C(0) C(R6R7) R8 whereL;ﬂB%E:Cﬁ__ydrogen and 127 is
hydrogen, -OH, or ne#Hiyl;\or and R 7 taken

toget her formoxo or -( -; and BY is phenyl or
cycl ohexyl, wherein pheny cycl ohexyl are
optional Iy substituted with | or.2 substituents
sel ected from Cmal I cyl and hal o;’ (e)

-C(0) C(HR50RI 9 wherein R9 is hydrogen or nethyl and
Rth is phenyl 20optionally substituted with 1 or 2
substituents selected from Cral kyl and hal o; and

(t) --S(0)2R11 wherein R11 is nmethyl or phenyl,
optionally substituted with 1 or 2 substituents

sel ected from Cmal kyl and B4l o. The

i nvention further provides a conpound of fornula (1)
wherein: 25Rl is isopropyl or tert-butyl; and X is



In one aspect, the invention provides a conpound
selected from

(4 2-1s0 1-.1H; dazol e- 4- car bonyl) - am
no] n@'ﬁ*‘%? s Beni dfff?%ﬂéﬁm hyl ) pi peri di ne- 1
-carboxyllc aC|d nmet hyl ester® 4-(4- ”
{[(2-isopropyl-1H benzoi m.dazil e- 4- car bony1l) - am no}-m
ethyl }piperidin- 1 - yh 1 I)Bﬁperidine I-carboxylic
acid phenyl ester;
2-isopropyl - 1H—ben20|n1da olB- 4- car boxylic acid
11-[1- (2-chl orobenzoyl) pipe |d|n 4-yl met hyl ]
pi peridin-4-yl methyl} am de;
252-i sopropyl - 1H—ben20|n1dé%g}e 4- car boxylic acid
¥l B-dogpbund 61 foomoka (XIV):

benzoyl ) pi peri di n-4-yl met hyl ] pi peridi nx4-yl met hyl }
am de; 2-isopropyl - 1HdBENnZYi t ni dagol €- 4- car boxylic
acid {111-(furan-2-carbony
pi peridin-4-yhnet hyl | pi peridin-4-yl nethyl} am de;
2-1 sopr opyl4H benzoi ni dazol e- 4zd%) boxyl i ¢ aci d
{141- (t hi ophene- 2-
HRFRAYA brhyReint diffornylh Bty HhepeeTFriy-accypiakle paj gr solvate or
am de;
ﬁm¢$%@m®ﬁyxmﬂlben20|nldazole 4- carboxyllc acid
{141- (2-fluoro-5- trifluoromethyl benzoyl pi p
eridin-4-ylnethyl]piperidin-4-ylnethyl} am de;
52- i 3QREQBMh ashEbcDRAZ QipRivilRE 8 b@eds baplopxip b corginf! of formula (1),
(11142- Mor o-
phenyl car banoyf | pi-peri ¢ n- 4- ylnethyllplQerldln 4-yl me
t hyl} - am de; ‘
444-{[(2-tert-but H- be%a\n@4 car bonyf | -am
nol met hyl | pi peri dim¢l>y
yl et hyf | pi peri di nggl#carboxylic acid methyl ester;
2-tert-butyl - 1H—benz%ﬁ§1dazole 4- carboxych acid
{141- (2-fl uoro-benzoyl)- 10 pip eridin-4-yl methyllpip
mﬁ&%ﬁ¥” 4-yl met hyl } am de;

eéft - butyl - 1H benzoi zni dazol e- 4- car boxylic acid
{14IR{% & hzgyl) d 4-y1 hy1} d d
pi peri din met hy1pi peri di n- 4-ylnet hy am de; an
2- teKﬂsﬁmﬁqﬁgﬁﬂyl benzoi m dazol e- 4- carboxylic acid

{1-11- 0 foxd- YInethyllplperldln
-4- yIn@$h5k§§%1gﬁﬁﬂﬁ%kbef#ﬁ%?%%ns Whe
descri bi ng gHagylc e @gﬂd&meMMpﬁbWﬂlbﬁ%oéﬁﬂmﬁﬁ¥ﬁ$ﬂ§k@ﬁdﬁﬁm
the i nvention, the follow.ng. ter Yﬁ?#he f@bh@MAng
meani ngs, unl S stk balp s Faidad: CHie P g
"al kyl noval ent saturated hydrocarbon
group mhlcﬁpﬁ§%3gg 20 linear or branched or :
conbi nati ons &Hﬂb enkyl 20hl ess ot herw se deflned such
al kyl groups typlcally contain from1 t car

at ons. Repr@3éNLatiwkeralnkyis §pohFad Aits ﬁj&ﬁ“ y]e)f

exanpl e, nethy| th égzg
i sopropyl (|PﬁP‘¥gF%ﬁk I%h?ﬁﬁ} Q&%ﬁ¥&n uty {%Wndﬁﬁh ?ﬂﬁmﬂmﬁL
tert-butyl Eé’%“’lﬁf eﬁaﬁm}phdnmpepymhdm}m@memamyl oxoazetldmyl :
n octyl, n-no and the like, 25The term
"al koxy" nean&nauﬂhdmwhHehﬂugpddﬂmﬂaﬂﬁﬁwyPﬂ wher e
al kyl is defined as _above, Representative al koxy
gr oups |ncIudéﬂrﬁﬁﬁdﬁ9x%ﬁﬂﬂxanple met hoxy, ethgﬁy,
pr opo 6 e ob BT, ,6M6l BAIRKY Bydrogen,
neansﬁﬁ'ﬁgxgggﬁ' é%ﬁ%gfgg §§§E§Ey0I|§;§¥gu |c€;
may be nonggyel eamyl o driocyrRF end Bhitews{ ﬂerwds}e is phenyl or

defi ned, suc cycloalk yl groups plcal

from3 t ocﬁ@omﬁowhmmhe@é BF g}g@cﬁ'{cﬁ,a(;eopw pﬂed with
gr oups |nclude y alk -CF;
cycl obut yk, s@&él n%% gg}zex%@]4gi§@ oa%g)rg:lm 0K, “L53,
cyclooctyl pnd ngﬂa_(ﬁhemkﬁrn1 hal o" means

fluoro, oro rono or uﬂdo The term "oxo" neans
a double bonded oxygen atom (=0). The term




(d) alleviating the synptons of the disease,

di sorder, or nedical condition in a patient. The term
“pharmaceuti cal | y-acceptable salt” nmeans a salt
prepared froman acid or base which is acceptable
for adm nistration to a patient, such as a manmal .
Such salts 20 can be derived from

pharnaceutlcall bl.e 9no ni ¢ 0 n 10

P de PSR PR AR a4 TS PRt i ahBRLAR R s pheny

Typi Ca' Ly, oﬁ%@% g@&mﬁ@am@%@v alibs@nsatstssleofed from Calkyl,

conpounds e’ present invention are prepared from

aci ds. halo, %8 osterCFed OfciFoand OCHFQ, :

pharnaceutlcally accept abl e. aci ds_i ncl ude bu% %re
omrhei ety BeCeREEF 1 AP PR T ETERLBEE P Brocess

benzoi c, canphorsul fonic, citric, ethanesulfonlc 25
COMPSES. gl uconic, gl utanic, hydrobronlc :

hydrr@&!ﬁn@% cBmphasd bEformalaglly:, nalic, nandelic,

met hanesul fonic, nmucic, nitric, pantothenlc

phosphoric, succinic, g [ furic, tartaric,

p-tol uenesul f oni ¢, xipeakg ydr Ni4- nhapht hoi c
acid), naphthalen: - dHsul onh Cld and the like.
The term "sol vat e"™fgaRs a coO aggregate

formed by one or 730 nol ecul es of a solute, i.e.
a compound of the invehtion or a
pharmaceutical |l y-acceptabl e salt thereof, and one or
more nol ecul es of a solvent. @lth sol vates are
typlcally crystalline solids having a substantially
with seanpaing of fogmwda GV)sol ut e and sol vent .
Represent ative sol vents incl yde by way of exanpl e,
wat er, methanol, ethanol, 11l sopropanol, acetic
acid, and the like. Wen tH@ séfvent is water, the
solvate forned is a hydrate( ) It will be
appreci ated that the term "or

WIB% yageufebed by RE C@(FKGRE)]Ré ﬁ"ﬁil EHR®)GRItapeovide a compound of
stereoi somer thereof' is intended to .include. a

forpeda(i) ot 4 phrsmadeusiahlis acaspiapler Bk o5 selkele &F étr:@&sglaﬁre‘ih%feof
such as a solvate of a pharmaceutically-acceptable
salt of a stereoisoner of a conmpound of fornula (I).
The L& Brd JreMBla@IPr Ot ecti ng
group sg%¥@%%&£%ﬂ£&£?§%gﬁ??%gﬁﬁnde3|red ?égctlons at
an am no nitrogen. Repfesentative am no-protecting
groups include, b : ted pfornyl; acyl
groups, for exanpl Ikangyrtéﬁaggﬂgin such as
acetyl; al ko?cycar ly group
t en- butoxycarbonyl Bac); aryl met hoxycar bonyl groups,
such as benzyloxycarbo yl (Cbz) and
9-fl uor enyl net hoxycar bonyl (Fnoc); aryl nethyl groups,
such as benzyl (En), trityl (Td), and
1,1-di -(4'-methoxyphenyEnethyl; silyl groups, such as
wh@tnh%tmﬁbsﬁmyl (TNB) and tertbutyldlnethyIS|Iy|
(T13DMVS) ; d t.he tic
Pr o‘?:read“i?h %nﬁ% d)ﬁ- eprf) é%ﬁﬁ%ﬁ&%ﬁe%ﬁ&ﬁn be
pr epar ed fron1readlly avai l able starting materials
using the follow ng general nethods and procedures.
Al t hough a particul ar aspect of the present invention
is illustrated in the schemes bel ow, those skilled in
the art 20 will recognize that all aspects of the
present invention can be prepared using the nethods
descri bed herein or by usi-ng other nethods, reagents
and starting materials knowtd to those skilled in the
art. It will also be appreciated that where typica
or preferred process conditions (i.e., reaction
tenperatures, tinmes, nole ratios of reactants,
sol vents, pressures, etc.) are given, other process
conditions can al so be used unless otherw se stated.
25 Optimumreaction conditions may vary with the




In an alternative nethod of synthesis, conmpounds of
formula (I) in which Xis selected from-C(0)R3,
-C(0)C(R6R7) R8, and -C(0) C(HR9) OR1L can be prepared by
the 25 am de coupling reaction of an internedi ate of
formula (I1) with a carboxylic acid of formula (1V):
HO X (IV) In formula (1V), X represents R 3,

C(R6R. 7)R8, or C(11R9)O0R1l, such that -C(0)X
corresponds to X, as set forth above formula (IV). In
the am de coupling reaction of 5 internediate (I1),

bet weg hARPAbecl tRRdis plaodéd ﬂ.pr&emm ptqiaemg csys@i[ mb Heé4~{[(2 _isopropyl-

FCE A RONER I NGO

&ﬁi rQeﬂg}Z e%%@ﬁ%@atsg EAQhdmY: J())'dﬁp%ismg 4 (4 {[(2 1sopropy] 1H- benzmmldazole-

Nct’et r amet hyl ur oni um hexaf.| uor.
<P SOFOURT UG B e RN el i Hegy e in a0
'1§1QP§1ﬁ.legt' sofetted ﬁ'gmaffa&Uﬁtn]eT@ﬂ%e@Gydﬁ)hﬁimi unhe ethgl ﬁzhﬁia in a proportion of
contacted with |nterned|ate

bsorome o b bt 25 423 %56 it 44 [éd Eﬂp{fgge%fée%%?lmidgzo?e—fl carbonyl }-

ﬁﬂ}lcﬂ elhﬁ?pﬁpenfdﬁlrl %ﬁfmi)ﬁrermin%klcﬂaﬁﬁ)ﬁﬂicmwl ethyll @t pex milliliter of
' reac

lon is i cal nducted at at
iert oo gEXeIe: BRb Al GBI ST BT SARGUE otline 44
ﬁgq E{ AU e O RROME- %ﬁﬂ%ﬂ)samlﬂd’]mbmylM;peﬁ"]lﬂe—1I’-)E}methy1§)mperldme-
Stantial | l'y conpl ete. Sui tabl e alternative

caipkyrgcidgestivbestéicl ude N-et hyl - N-( 3-
?_I g_rEt ]géllﬁg{gn;sg%[%?f r@]é%%rvgle(? %B;p?egg@p rg[%t%%lgj cr?/s[talfjne A(IZ:IE&)Z—lsopropyl—
gﬁ%}{&h%&é&g q%mgﬁ’ﬁj Lhifl§mcPAGpiperaiit] -yimethylpiperidine-1-carboxylic

enzotriazol-1-ylotcytripyrroliding h hon ?ﬁ%mnomn&md&4—
ik anetybresieh ofbp hereeesy PYBRIEIRe: feéﬁﬁ’ﬁ apr%en

El)a? 09481 L Re g) ff@nﬁﬂ) épﬁl%&]‘)zﬁﬂd@%ﬁt@fonﬁﬂ{ﬁpe@ﬁdalﬂﬁﬂ)lc&boxyhc a01d methyl
% roxy- 7-azabenzotri azol e

mpmgy@mtpddg@]te(bz acet%{! %hlle distilling the product of step (a) to

454 kh@zp%pa'r %ﬁﬁ%h@ liRucht ?rbﬁ%@ﬁ@)dlﬁc@AB@@ (a)] @) peparmpaot hixture of the
ternatlve process, conmp

whud@ehfrc)m the dg;gl at(g(\@f thm @51%3&Ff0‘3g3?ﬁt éﬁgli]CgaFaB)g/n %febg e&{een about 50 and
u{ ﬁﬁ%ﬁ@t ﬁ(zoﬂcs,oﬂr&fym%el{zbirﬁlda\ﬂblt-h caﬂbomy?‘o)mﬁyla:t]mtthylhﬁperldm 1-

e reaction |Is ty

Elomhabmlmghneﬂt@rb%ﬂi%@ oyl R e GBS S5 BrPlq t gemperaure

ﬁﬂﬁm&p Qlbisshive tl?eqléh?{@ et @) &fohh@fh@ ietdie ff Steff §6) td Mteaperature of no

polar aprotic diluent in the esen )

poouthag el 200GE 1 @mﬂ%%’ﬁ@&ﬂf‘of“ én{{(gﬂﬁ(’}%lé’l’ﬁgw%“ﬁ”hm‘dm“
Lidh- ICAREY ridine-A-chi®opdic adidmethylrster.

fﬁﬁﬁﬁggmrb (Eﬁggﬁg%b C:%o a8§§% 30 C for about a

quarter. hour to about 24 hours, or until the reaction

i s substantially conplete. The product of

formula (1) is isolated and purified by conventiona

Proge #ﬂe@@mb&ﬂngﬁrthgé MRLR prdvitRs Pp@eut caurtiedf formula(l) in
concen

rated dryness ess T.
crpstalinesseues PuRi CrRRge LR GRBHRY U ARy St
t,ﬁ%g [Qg dine-1- b h id methyl est
p| pgl)gtézﬁé%}/ ?%erl di nyll)-lrégtﬁﬁyllml r??xe?}geglagt éne Yf e
hab beenband th lhpves memaanwamwmtheeraﬁaw ahpph 145511 t@ about

15% r L) ‘n%{ r%%\ﬁerglﬁ,%, Sutb%/{ﬁf a%lﬁclgfg a1 denga&%ﬂoﬁ fhffrabifte above

ere PI” an
abbﬁ@%@@@ deftid pxhilsnegh bh@gemﬁlcﬂg tipn ebastt 02h o gh@ﬁpcposed foa

i S S DR P00kt 9

RAFELINL Jsbgtopl- IFbbdnesimidazgle-dt ect ed
AWré%ﬁ%éﬁﬁ%ﬁ%?C) fornu4pﬂ VI This reaction is

typi cally conducted by contactlng (VI) with between
about 1 and about 2 equival ents of protected 10

am nonet hyl pi peridine in a polar aprotic diluent, in
the presence of an am de cogpling agent descri bed
above, for exanple

N-ethyl R—(3 d|nethylan1nopropy|)carbod||n1de




ester by the process illustrated in Schenme B: Schene

B 000 ORCH where R represents nethyl or hydrogen.
Internediate (Xt) is reacted with a carboxylic acid
RIC(O)OH to formthe acid internediate (V1). This
reaction is typically conducted 25 by contacting the
acid or ester (XI) with between about 2 and about 4
Qtoyahemd s of the carboxylic acid Rl C(0) OHPCA/ULH06/020085
aqueous acidic solution. The reaction is typically
caonduct ed - at te a1 ' bedifangebofliaiddimeB ester
‘fagboﬁ %’Eﬂmoi]%th@?é?n&ggga ﬁl%ﬁy{mgip about {gig hours. The
pEIGS prb @ a$ohHkdrembbaimee theadisbeirdy the addition of

base, such as sodi um roxi de, a : :
i sol lataetehyd @B‘?Rﬂéﬁ?“it’o‘ﬂ%ﬁ‘saﬁ%lﬁes?mwgeq g&%gg%\?gﬁie%ﬁfg 2 disease of

cogﬁiﬂ&?ﬁéocfia%d Wﬁt@_%ifﬂhﬂgcd:pﬁi attvixgi ag.er {iXirder 28 r(:chleedn@ptﬁ'yy of the

ester uses 2-am no-3-nitrobenzoic .acida that €8 R Fapeutically
ge(stxt)mtqunal tRciNGpE mgﬁﬂjd SUTRrKRe Sﬁpfg}.“ S?Erf{gi Iﬁ%iﬁ gﬁ}éﬁ/ . al, apeu

efgex eCoh¥ of AcoRpbi@r o3 thdidisclohenzoi ¢ acid nethyl ester
ive.

is dissolved in a polar_diluent and: ) o
exposuhe, the d&clﬂwef By g%% %@B}h 8#] téea%uﬁg ?ﬁleséagérj gﬁ%ﬁg@)ﬁb ?ssoqate

with 5580 &'cép‘td? RetVRY # 2 Gaindhl e ntetop covirdieg edreinistering to the mammal,

b i d hyl ester. 1Q. . .
a ml;gg;{]%ﬁy E@nezchlgp%ng);{aq Cﬁf gegﬁﬁlﬁcgﬁtic cg)ppé‘s%%)gﬂhl d1sc-:|[5‘s%r .

t enPRlalddpSurdd® or aRo Wisclddird Ganaliaube ¥d o uessarch tools, \Ngefp study

the substituent Rl is sterical bul. f : val
bieh ainqzll isteryh & SQQPPIFSS of Py _stBﬁytl% !’[}¥ ac 1V1§’y0f Sfer’ Hemicat compounds.

AEL%RTI%HI, O|4 %@ﬂﬂéﬂhdﬁi@ a%elog eﬁa@ﬁcbnﬁ?ﬁ‘ysl,. e da;;lbsdlre( AP)idas annagaed of using a
prepared by the conversion o t S ) hereof,
convon gt O cragsTai B bL B Bt oot
aSX ?égpa:r&r tobINfoSsHIeNRe & bidehameysEm or sspldesdpi Biewpvirmg new 5-HT.
g i Preparation 3 bel ow jthe bqoq}) élall sfs?érrﬁror @191'1% with a
recepidr | aganisty, elb MEhoi RPISBE APTRSPAS P o 0Pt Onyt™ chlori de
cclfhﬁjo%cpgf de (ﬁi&ﬁgs{u@t Sanedéraitng Kb | ffevthicatsed by rtbd lcompaynd on the

a strong acid solution, typically, for between
biglvgiga! sseerpeidadeut 72 hours, to provide the

tert fnbslé{@@tp enZ i e e Bkt X dicloast dis¢ wovides Smthgtic processes
al terna

I ve met hods, of synt hesi [ofo]) _ i _
arifdontepediafes Jes@ipd B@'elﬂf@b‘ﬁl%/ gausgg.li go;; arle%aglgg gcﬂ[?pﬁgr?(% rog tcl:lee ggclosm’e |
rout gg didelodSt Lidd eRvides Sedvepoenddf s dinglotheas deshibed Regein for use in

ani mation and other reactions descri 0 ¢
e gheee ol Folie S5 BRSTAT RATRI \ﬁg‘é‘%mjf%“" o
foggh%érirog%[r)i Iﬂeés:cgllﬁeﬁrfbr re e 200645k 27 SHGRET/ 41521006 MR GOEE: receptor

activity, e.g. a disorder ot) reduced motility of the gastrointestinal tract, in 2 mammal.

BRIOEF DESCRIPTION OF THE DRAWINGS
Various aspects of the present invention are illustrated by reference to the
30 accompanying drawings.
Figure 1 shows a powder x-ray diffraction (PXRD) pattern of crystalline 4-(4-{[(2-
isopropyl—1H—benzoimidazole—4-carbony1)amino]methyl} -piperidin-1-

ylmethyD)piperidine-1-carboxylic acid methyl ester (Form D).
4
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HZN O NH N. NHA (1/1)(XIV) As shown in process

route (i), an internediate of formula (M1I1) is

reacted with an internmediate of fornula (X) to
“PTOVIde a conmpound of forrmula (I). The reaction is

OPBICATHY perfornmed under the conditions deBEHPEEe/020085

above for the reaction of amne (VIIl) 5 with the

ottt ok
RO Y A R i B L ) R RGrS fnel B
ax(s} rkrys falﬂnla @W@—QL{QMS@E}J@MH‘B@M@M -8 hthbiyhaminojmethyl}-

i nt errre iate or exa for the partl cul'ar case

leldm-l%m@y@yw@a&hcmbem’é@%@%%ﬁr Fon De

pre _
2. sy AR SRk nRHET R ien, M i for oot 44
{NﬁﬁhmmﬂmHmMMmMEmeﬁ£MMthmmeaMﬂﬁmmmmﬁ-,

I The
R SR AR B IR R, ) 10
4 hFilued/ stiatvl yldmf@aiﬁabbcmungbaaﬁnmgae{me) Sade\{fop GAceikln

e GEl e A Brgih AR el e CLGAL bbb s Ief witical
ax®) B Gryé\tbﬂ’iﬂé 45 (2860 op9- Bt SR midasBo-4 TRB oriyBRGoRACthy} -

typically conducted at a tenperature in_the range of

Pipghgin 1 -grethybripprdine-bgaboxdic agid guathvl ssterdFemsplit -

h

omefEsys itk b pbBa EATHIBRbHoR (HRES ARl Aol taﬂmf Se-
isoprpyl- Bil-frgzoimidazodd-frgirbomieminsdingtingl } (oieTijlin- T he
yhﬁé%hﬂ%ﬁ.ﬂe%ﬁm%ﬁac%% é:}’cﬁd &@éhglyes{é? P T of an

I'on reéagen suc natron of oxalyl

chl Biguches alﬁtﬂvsdi differentied sdahimixg dﬂmﬁﬁm S ieded (tapriyace, enght
oA FEREDY g B OB Ry OB St

axis))ﬂ?bﬂ?ﬁﬁllﬂd& h@—%[(giiéo@fq‘p‘fitlﬁ—ﬂéﬁﬁkoﬂﬁldazole—dl carbonyl)ammoilmethyl}-
6- tetranethyl wglperldlnyloxy free radica
Pllﬁ(e#iéwﬁcylm priding-ke avter Berr Bnul a (1)

accordi ng to process route (i) of 5 Scheme D usi ng
internediate (ME') is described in Exanples 214 and
216 beI ow DETAE%WMOWWWYEHEEEI so be

?{/Ie WIt an |n éelrsgrgv b‘f%%{ Icl)ér (rc’rul?&%ﬁ?ﬁa%ﬁormﬁomsts

of fonmpladh ss pharostentically)}-accésatilé $alts br aflentksion stSehissrmerf-thereof.

e R e B ARG B BRIt P e PR es of
vatfotk latpects SEhe Bydntion. TR:sWAFBeriative vaedit RlendbDloGihend
to prOV|de a protected internediate of fornula

roup,
def? neJpsh aspenty e B infenslep ioprelidp gthes yabyss orligit the scope of the
inviehi§Rar ati on of conpounds according to process route
(||£1|s described in Preparat|on 4 and in Exanples 14
andimsspeefioespectios thedaypation R i9C.lky), opfiallpyubrititied/yith
OR=C=N=R5 (V) and RIC(0)0H are 15 available

comercially or are readily prepared by standard

pr obedothesspbeifiernspocnRhis€haalkying materi al s.

Furiher deta | di t
conRH SRR GuRll G S SoRPaHer e

fep&ﬁﬁ@mbﬁﬁb&ﬁc@qgagmhﬁsm@ﬁg@he i nvention or
internediates thereto_are described in the exanple

bel Buet otherspesifin #gesis: E 5 hyfenbhmetyist!, or%ydroxy~1~

ﬂ? |on provi des a process for preparing a conmpound
formula (1), or a salt qr stereoisoner thereof,

the process conpri sing
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(a) reacting a conmpound of formula (I1) with conpound

of the fornmula (111); (b) reacting a conpound fornula

(Viii) with a conpound of fornula (X111); or (c)

reacting a conpound of formula (VI) with a conpound

WQfZO%QFWg?a CEM to provide a conmpound of f orRei/BS200p§020085

25 or a salt or stereoisoner thereof. In an

ad 2 | ti irde;

or e 2R sk s RORGR! whitEm EMELl i &R By
whevdmenmﬂmr)lls sel ected from-C(0)R3, -C(0)C(R6le)R3,

? R gti‘ %‘%hoe} t%?gl ?a-%géfs & o‘%&j%ﬁ Wg‘%‘%&% trle nI F a’co erl)l el‘lu"’n 'd
of I etherspacifiddspectd, Khis aCENHORS wiheredf R¥ ip trigthlyBor (ph¥Ayl, or

whergin X represents R3, C(R6R5R3, or C(B1t3)O0RI,
whepein Br 5@dla conpound of formula (1), or a salt or

St gf @@&ﬁ%%pewﬁﬁﬂd(mmhérm%tm Sleclecd HoRaheRyl VpeRaLy

a conpound formula”(11), or a salt or stereoi soner

sub%tﬁutfﬂr wile éat?e ar %I@lbﬁ%@l?‘t%ﬁlﬁtcﬁérf@@# Crpbieth &plg, Fuaaikexy, -CFs,
-OC?a, -b@?ﬂ" B3alent e sc o ysah@g(liﬂ eAFVQﬁé?En misOorl

n anot er asp ec vent i dn provi

and 4 i delddtqfring apmop@atanﬂ;lttb@hmyhmw@hdire’h i@ahﬁb‘i’i’}l‘ra)lﬂm no

prigh S St AR Aty 0o

oxo&@h&iﬁjﬂﬁhﬁdﬁ&}ﬁcﬁ@fl 1,FBiore 1sdﬂﬁztzbn@juy1$mm @dﬁl&ﬂ'ﬁ?ﬁ&cﬁtﬁzﬂlﬂ

taI Lin e@é@g%}%&@ﬁ@ﬁ% ‘j"ﬁ%ﬁ"ﬁ&’] RITYY 2RiepEl; di n1

subsnydtap&im{h D bPEEIbitRS sl RO UF,a861, @alﬂ%ﬁﬁikoﬁﬁ LEF;,

c%}erel naft er compound) have been obser ved
-OCEyOLHIpiaé-rm | of the present i nventi on is a

grﬁmmek Bt SHRESR s YOTR! whereiidioe] F&%%c?oalgyl-

wder X-ray fracti on ( PXRD attern havi n
o frearbeheg szfem;ﬁagspemx@sm@)a% whgen R’ Mcﬂéhe’cwb@emWOWO

sud s B pm oind o kel odRond Eackiih Bl

pyﬁénﬂowthﬂnaleﬂﬂawrﬂbﬁ)ﬂimﬁionﬂmlmﬂt pyetohidingly piperidindlf r acti on

N S N e MU
di ff HrRedel §iecifip a.ﬁ}ectpxss iR’ WherBXRD ISHRRE cptidhdlly

relatively less sensitive to experinental details

subsgifyegd wigh H et hrubstitaenisseiasted foom Gr-siarh dplpoadazl; furanyl; or

“ thio ﬂgﬁhr ument geonetry, than are the relative peak

el ghts. Thus, in one aspect, the crystalline Form!l
i sryehpthet spedifieaspbyts,&X po@é@)R wheee;n | 6 bheagt opsienally
€ a
sub AL b B Lo ocR RS ATl Bl sl A e 2ot
is futankiagl drddoplicni2tyder characteri zed by x- ray d| ffraction
F o RERGe parptt Ra° (AP IR Pt R oot Crlky, and R
is pmﬁylmgﬁ&m? is@bshidutdd vakh 0RNBIShdBGtueisscltcd @o A jaltyEhalo,
c = 15.4659 A space group i s Pns21,
CM@@W&J‘I%ﬂ'@@@@ﬁFQC@Z 1.22 g/cnB. The resulting
hﬁﬁx &EHE%:@&?XQQV&( RGO R lyabpgPosi ti on
at o undlan that_the ass tric unit
dobsmmther @@mﬁamevtaKes -O)RIR wlendin Bnis hydlogendnd R’ is
phena’eop or \a ugér/%t% é%rlstﬁt‘i oggu@s%%ll%ﬁts% lgcg:écfﬁ(%gd a‘i@l taf\]c?hatlo
Wi mmhwcvmﬁsp@wktzs -C(Bl)mﬁls“'t whéréin®* Ediyﬁﬁrogemﬁldtrt?es

shesbl e amait e e itk 1 6Plopn Vil RO EDR BERIARY by i 1

di fferentl al scanning cald¥inetry (DSC) profile which
exhibits a peak in endotherm c heat flowin the range
of about 145 C to about 155 C, typically between
about 146 and 148 C as illustrated in Figure 2, which
may be identified as a nelting point. Furthernore,
the thermal gravinetric analysis (TGA) profile shows
no significant weight change event bel ow the onset of
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The third crystalline formof the invention has been
identified as a nonohydrate. FormlIll is
characterized by a powder x-ray diffraction (PXRD)
“gﬁtt rn_having two or nore diffraction peaks at 20
US| ect ed from 9.14+0. 20, 12.41+0. 20, FCT/US2006/020085
12.74+0.20, 30 17.75+0.20, 18.47+0.20, 20.63+0. 20,
21. fwipedfc aped, X Ts AH0)QRRYR" ihenebi R s bylirogen oF Cguablelz

5..In particular, FormJ{ll. .i-s .characterized b )
R e P Or oo o Brl DR AT B R PP and
R® Pﬁﬁl@%@& cﬁ:ﬁbh%)g&,%r&ﬁ Bondfiy2lOhexytiard OptbidbiPsuBRituted with
The DSC and T prolees of FormlIll, ské%vvn in F e
1,  or  swstigrenta sdeatedom Ceraliil hﬁ%daig%‘%’éy’a' @=é90€a= 0498 2
tght 1oss with onset in the tenperature range of

about 65 to about 75 %ig&l cally gt about 70 C, and a
peak dnathenspotifie napeet, Ké DO B Ra wherppe dip hydsogen.

bet . d 8 i i .
o A g 0RO AR b il
suttitutddrgith £ar on 3 fubstiteentdselentefl fotth@rsatibiahales @rilker, HiFs.

-ray . diffraction analysis of crystal structure,
'Oéfb\%[d" ﬁa{“ﬁé&?}'ol lowing lattice paraneters: unit -

Ce in dobirRpHAGE BRo Kl COTRIVRONS rhereinl®. iS2ftlobésyld =
. ¢ .= .17. ; = . ce.group
oppanalbpyhituisd et In ot JBhEiCiep s ioeied 5o GRS

¢, L AR ICHY, ORI CHICRIR, Sluehr e confirns the cheni cal
1‘“éon‘p si(jtiigon i S that ?'of conmpound l, d thatﬁthe 10

as syt pther spedific espeetaidis —-£(QG(BIMR )ﬁg‘fﬂéﬁfdﬁﬁl isdiyfivogen and R’
: d j f . 8 i
s BREORBE POREL NP ol it 36 B BRI and R
phémyl bromilobexyt, eherkin menylOr yedatiekylraee Fvionally sibsfituded with 1 or 2

.epar e i Spersin ounds. i,n._an i i
s B FRRS Sl Lot orf TIE RN orendlr Bl itk
phéiyhyl cyaloBésgl &re bptichally sypefitutedRvithf 1 dret snbetiucatsaaiectdbiron
and about 25 ng conpound 1 per 15 milliliter of
meihyl, fRTC; 2% $0h a mi xture, and allowing the nixture
t 0 BVARREAEL Ssplt, RIPLEMHC R&WHePoin REGWyliopgh dr!Tzalkyl,
crystal formation. ternatlvelg, Form | nmay be

angB{’4s pleearylnptionaliyisyiastitutedcuith he op? sthslments shacted dl

C qﬁﬂg ' of+HLt I ' _Iwmgfi rst isolating
Clﬁ%@’p odgé%%%hg%’lgggs’%%crl bed in Exanple 216
bel buanothepipeaifit yspetteXrieaC{Q)SFROOB! ‘epwren Boisudmeen ors
meg}azri ed out in a 20 polar aprotic diluent, such as
P¢hl or omet hane, in which the conpound is highly

sol Hgﬂdtﬂer sﬁ\;ﬁiﬁ'n“@pammﬁ Y 1(| IHI R é(}RéT]threhlgBﬂ}udmg' eri bre
iis. added .while vacuumdi stilling. t ryde. reactian
mepd L S PheRH OV GRS SOH-E R Bt P Dbt it o
¢, NAM136d RAb We SR PopHondilyAEstiNed witR Q dr NRulkETRAY Bélected from
per mlliliter of acetonitrile, typically between
mefiiyb fluoBg anghehlgbout 125 ng conmpound 1 per nilliliter
of ac eLrdl.e, <l T j
el EORRBE o Xi8 RORAT, Sflorbn ) L RAREAOH . S0,

-CHephveyh furareyl, shibplieoyle morpholinilstetwibydrofivenyl.eyiiding, ngpbthalenyl,

v e g, Bt b Rt i, oo

isoﬂ‘aidzgﬁmym,dfeﬁlﬁétﬁgaisakdzbm aFd) phany} opﬂtb'mlﬂly substinged witlet, Zypr 3
caonventi ona proceaqur es .eXx [ P s, ,t
oS ceLh LB L AR Lo, SR o Do LSt o

at a tenperature of between about 55 and about 65 C
and held at that 30 tenperature for about an hour. It
is then cooled at a rate of’ between about 0.25 and
about 0.4 C per mnute to a tenperature of about 20
C. To increase the yield of crystalline Forml, the
m xture may be further cooled at a rate of between
about 0.5 and about 0.75 C per minute to a
tenperature of between about 0 and about 5 C. WO
2006/ 127815PCT7US2006/ 020085 To prepare Forml I,




10

15

20

25

30

Additionally, the ingredients for such conpositions
are commercially-available from fo_ exanple, Signg,
P. O Box 14508, St. Louis, MO 63178. By way of
further illustration, conventional fornulation

WO Efies are described in Remington: The Bel/BiReQs/020085

and Practice of Pharmacy, 20th Edition, Li ppi ncot t
W | i sdBBBerSepdtfifid &peddak id MROBR Mitieydia R i C( 2080)2,4-and

Ansel et al., Pharmaceutical Dosage Forns ?nd

H. C, , ] . ,

dingsthydjsqzaraliledrphends epfigualtyspbstigited with 112 Bp? srbsiitpents sclected
ich | | i i , | 999) .

ﬁoﬁﬁ’dmhﬁﬁ?hﬁb,MLﬁong%?%l r@gfenﬁadttg% ARLANL999)

Representative ex S I§1Mmfch can serve
as InrwdrensnseificiasncisyX docHPhRD| wherein R dis mefhytonphenyi but
Mag! t he. fol.l gw.ng: r such.
op Bty ey 8 1 B2 shilfeiefls Mo B pIF R Enar i
or Zgibstiinentssiebreicl fandngbilafivorstaad chipro. 3) . 10 cel | ul ose,
su as mcrocrystalline.cellul ose, .and it .
derPaE PPES; B pYRRIEn RO A EPRRR RIS Qatierise,
et hylis celdibii:aae and cel | ul ose acetate; (4) powdered
tragacanth; (5) malt; (6) gelatin; (7) talc; (8)
ex ﬁvﬁh?@gﬁgﬁ%h as cocoa butter and suppository
mﬁxes()(@&»QRP%hm%qui@@rR@%@Hfﬂﬁhhf cottonseed oil

saffl ower 0i|, sesa ol ol i ve ol corn oil and

soybef) -HDR’ whepingt’yie phasyl, optitnalissubstispipd with 19k gcol ;

1 vol ' , 3. . h.tol
iAol Bt Gnt8, S0, ud 1O Rl Bk midhBBR, ©
ol eat &) eP@)NRMBA whesein B ¢ hy(h@yn ageR’is pHosy! dptibdatlyi ng

. i id d. al pni
Pocbt ot 55 JRgRARe ol €, iy bt el
vat er (d) (CO)YORWIRF wheBéth RAG hy(ldbBin MARTas hirgRh WO 8;
(13% et hyl (al cohol ; (20) phosphate buffer sol utions;
and™ ) or &t 17RY Rn fker Bepleercarm 8¥q o1 ¢CEus g g8 phenyl or
eNMyeRGy, %Q‘Pﬁ‘?gﬁﬁﬁ bk bf&dheﬁﬁf@@éﬁﬁbheﬁ@%ub&%%mm lor2

phar maceuti ca nposi t1ons of the invention are

t y siesiieyts seleied BamiGysalkdrodgepy and intimately

m Xxi n 1 | (P

phar nek i PCERe DR el 2 hyhoski 6 Bl 7 el

optapberally subgtimthideritis] od 3 substitessascectd foesCietiy! dnkddalo;

resyl,ting uniformy blended m xture can then be

shaped or | oaded into tablets, capsules, pills and

t2 gehl (Ifj@ﬁ(ogkﬂfgwman ;gﬁt is efeitlyl pf sieayl pdglmﬁan_cbuwwm il { or
e, pharmaceutical conpositions of the invention

ar & 33 'éiﬁFlﬁCtﬁ‘igR’é‘ég‘d agdbhaler dosage form The

t ermie iehtondRsRGrdvaddd s chRbSINR JF PormuBYSiteail:Y
disgrete unit suitable for dosing a patient, i.e.,
eadh yigenronyb ar gtrrtuig; atdpr edet erm ned quantity of

acty Meaidl&N Rl cul ated to produce the desired
therapeutic effect either alone or in conbination

wi t h @N€(OYORowkereid i tis methyl anphérgl; For exanpl e, such

uni t fornse e capsul ., t.abl , _pills,
and (BEXRPRS, WhdrEin B el i BRiSR Ay submistRrat Tor P
phatbstmentt seledtedcrp astityi, @hkr) flubeaddVCeRtfinen-2a/cr
suitagle f?y Qral adm nistration. Suitable

pth G conpositions for oral adm nistration
may ke IGoMERE Hhidtedt RER B%&ilogén anld kS rnylBbtideatty

| ozenges, cachets, drageeS, 24 WO

208€rst12rd YERATuXS2068P020085 powders, granul es; or
as a solution or a suspension in an aqueous or
non-aqueous liquid, or as an oil-in-water or
water-in-oil liquid enulsi®dn; or as an elixir or
syrup; and the |ike; each containing a predeterm ned
anmount of a conpound of the present invention as an
active ingredient. 5Wen intended for ora

adm nistration in a solid dosage form(i.e., as
capsul es, tablets, pills and the like), the

phar maceuti cal conpositions of the invention wll
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Suitable I'iquid dosage forns for oral adm nistration

i nclude, by way of illustration,

phar maceuti cal | y- accept abl e enul si ons,

m cr oenul si ons, sol utions, suspensions, syrups and
WRRIR{1PEIS Such |iquid dosage forns typical | yPEWE3PG6420085

the active ingredient and an inert diluent, such as,

for le I sSQ [ Lo, 71040

gL TReFspel Eioeh 88 BELRE IS Bl Bt
Exam;ﬂmanﬂyﬁ'l‘ﬂdl@dh@b{bﬂbhyl carbonate, ethyl acetate,

o Sn_lz% al c%lgglﬁ]%)en‘zf ben at e, IS&IE)T{ t%fhgg)g&g%&%mdof

Exg@figlendnut , corn, germ oI|ve castor and sesane
oils), glycerol, E rahydrof uryl al cohol,
s

pol yet hyl ene glyco and fatty acid jpsters of
sorbi tan, and eof ") ons, in
addition to t 2 t|Ue ilngnedi ent ] may contain

suspendi ng agents Buch as; 20 for exanple,
et hoxylated is awl al cohol s, pol yoxyet hyl ene
sorbitol and sorbi esters, mcrocrystalline
cel l ul ose, al um num net ahydr oxi de, bentonite,

whialy &rdegigmetedodi (- {[(mgapnapymﬂ berdoifiiddzuleeScaiivayRahinolmethyl} -

pip A BT R A e TR LA P aticBliby e
AufoRB saftivere, prSHiisa) mfomiﬁs@ws}@ﬁhm OB P, | Of

admi ni stration by 25 inhalation wll typically be in

Gerpygay)s dhgifused Hpg %\c%%'rbeamaldgmelﬁ altegpdivelzy aApesi ti ons
oo EEI1e %h%hv@%pax%{ega % fg%h Békd known del i very

devices, such as a ne ose I n a dry powder

i nhs exemplifieddtyglaticelar wnlmusﬁsr&ndtwmﬂwl tahl@rlaclcde iegempounds
of tlxlg]iﬁ{;en"ﬁgm 11%518% E%&IIGQIIR %{cco ? RY & REGORAL Zseacermc:

cont al ner, eut'l COMpOST t 1 ons o THE
mmtmme plhre sﬂeremsblhleﬂsymdtsaalrédysommncﬁed in@uracHf sueh isomers, unless

and a. sui table praq | ant ch as
PRI MhsP dpatione R SerR i Sop it SL b yEstood by
thosélsﬁmm i8¢ s fihdl efietahRNAts of Sth&Qser&Hi@¥d S bedIrbl@ht in the

sui tabl e gas. Addi tional ly, the pharnaceutlca
compEFHieRsiof Fll?ﬁﬂ‘f?&?OIb@I?ﬁﬁ ofheavispindicated.previged thas apy utility of the

condpasitid S08yHIIBH 0t éz%naém%@ prestRBLESLA BN gl)lsomers

conpri Si ng a corrpoun of he I nventl on an
povRiene aspgot, dky iavension ngdemaaorpmﬁelmtmﬂr@n Sui t abl e

PO SR A Bl L AR PSPl

yhnbtbylhﬂpmdmﬂeafadn:bxyhamdimbﬂm ésj;erusi ng known transder nmal

el,i ste nd excj pi.e . example,..a ...
corT BB R R B Redog iR ety Rivericin-1-
yhnﬁﬁflm'ﬂdﬁﬁ 1%%&9@&@1@%91 &er;pr opyl ene gl ycol,
yet hyl ene gl yco| nonol aur at'e, azagxcloalkan 2- ones

an&“fqii’éoﬂﬂ ki bensriridazale-Arspbeadici astdot 1 1 aebinragenzoy)
pipeBidfiLd-FimedLA] YI%E-IHJHSA}/§MM1&§ onal exci pients

i ncl udi ng agents, enul'sifiers and buffers,

na?-lmrqulegmbnmmhla@qlaﬁmmﬂic a@min{;idlsblr(i,ﬂ@iu&mm—
bem%&%éggg% g %hgﬁ%aceu onpgs:tlgﬁgrigeof t he

pr ésmptopwhvmmzmmdmﬂmmwﬁw&xﬂn{nI-[e-(ﬁnrd:dal caraiyht i n

S Ies r or, tion are prepared as
vipefigRr g g B SRS AR Comound. of |+ he

|nvent|on50 ng . Lactose (spray-dried)200 ng 20

. Magnesi um st earat el0 ng Representative Procedure:

The ingredients are thoroughly bl ended and then

| oaded into a hard gelatin capsule (260 ng of

conposition per capsule). 25Fornul ati on Exanple B

Hard gel atin capsules for oral adm nistration are

prepared as follows: |ngredi entsAmount 30 35

Compound of the invention20 ng Starch89 ny
Mcrocrystalline cellul ose89 ng Magnesi um st earat e2
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Capsul es for oral adm nistration are prepared as
follows: 5 IngredientsAnount 10 Conpound of the
i nventionl0 ng Pol yoxyet hyl ene sorbitan nonool eat €50

mﬁ St arch powder 250 ng Representati ve
WEAB®EH . The ingredients are thoroughly bYEHEEYAANSS

then | oaded into a gelatin capsule (310 ng of
co M@r&ﬂy@@ﬂ%ﬁz&ﬁﬂﬁ%l@thHﬁH Rid @1 Fenespabe.- D

15Tabl'ets for oral admi nistration are prepared as

GarHO@Vlen@’ldlﬂ-ﬁgh@ﬂDélﬁt@Aﬁ@tﬁﬂhWBé% of the invention5

I
PoI a1 n@}gyr ro ?ggyﬁb%%) Heid [Il l{§_%81%55§gg| um
mﬂumb@&ylbmmw@psndme%ﬁnﬁmmﬁplpagheéfylmﬁhﬂm&@eO 5 ny
25...Talcl t t P t
[ n&rlé% ‘%’rﬂ ggr es(gg 2 Ieﬁ\é]f ﬁ’f‘%oga%‘aa:rj lﬁpéssear%fh:r\(;ﬁgh a
pheisﬂgfar%ld?ﬁﬁlbeﬁﬁﬂ;}?ﬂge?ﬁﬂ]?%% X—@'ﬂnon atinoy-anigle) - y Th Iehe _
s SR Eoebenidaate fhetoar)-Paing oyt plrasinr -

ylm%ﬂﬂir idehelNQeartetky B 54Id befh 1 &tpve. The granul es so
uced are dri ed at 50- gOC and passed t hrough

18 wggww-yf beprajmidagpie-4sathonrhccsidnd A r{%tﬂrwlrm@paryah
pip g R B g BN &) are hen added to
t h @—tgrtémtﬂ-éé’ bepddimidapglzdrgrboxylis asidxfltll €3 nethybhpzeyed
vin i AR BB Bl G208 Formi at i on
Ex arl’@&t-eauﬁd- 1 Habdnebignifiobleot-adrb@git aiid { I-fii-{4efiuodstenzoyl)-
s BB Pk RRED, T I PP EARS
Silicon dioxide finnedl0 ng Stearic acid5 ng
Definitions

When describing the compounds, compositions and methods of the invention, the
following terms have the following meanings, unless otherwisc indicated.

The term “alkyl” means a monovalent saturated hydrocarbon group which may be
linear or branched or combinations thereof, Unless otherwise defined, such alkyl groups
typically contain from 1 to 10 carbon atoms. Representative alkyl groups include, by way
of example, methyl (Me), ethyl, n-propyl (#-Pr), isopropyl (iPr), n-butyl (n-Bu), sec-butyl,
isobutyl, fert-butyl (tBu), n-pentyl, n-hexyl, n-heptyl, #n-octyl, n-nonyl, n-decy! and the
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 “cyeloalkyl” 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, cyclobuiyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
and the like.

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



10 Representative Procedure: The ingredients are

t horoughly bl ended and then conpressed to form

tabl ets (440 ng of conposition per tablet).

Fornul ati on Exanple F 15Singl e-scored tablets for
WORPYS12ZEM ni stration are prepared asfol | ows: PCT/US2006/020085

I ngr edi ent sAnount Conpound of the inventionl5 ny

Cor 1184 856 hSQ" %m%chqoeﬁfeadoﬁséd &@gensa@ah > gy

Lact 0sel120 ng nesi um stearate5 ng 25Representative

Pr odBitgrB "com@umc}% greans eprmpaind thahweotygheicaBy eregeed ehd

pr&ﬁggarlﬁgﬁje&h&%a %Bﬁgﬁ@{‘?%ﬁ%ﬁﬁlored tablet (215 ng of

osi t1 ons rta rmul ati on Exanple G
s likplers |‘ﬂ1¢ra1ﬁ®hcaihfwlffeadm amiogtt” amdanyan asnqunbgdiicieht feeffect

r un of the
m%%&éﬁﬁegn%& r?érf‘?ag acl a%dgggg%%a%Um chloride2.0 g
35MEhdgtm plﬁaﬁimﬁﬂaslﬁgi Rreipytcapahabemnte of @dﬁa%ﬂlﬂls%fc&ﬁl or -

m@?ﬁ%ﬁf&&%ﬂ%&%@‘?@ﬂf% b RES P56+ ion) WhAeh Tiuces:

s EvehrinphOUiSdst, | BB LR hfbdfal Joﬁdl@i&i)fraﬂa oceurring, i.c.,

Represent ative Procedure: The i ngredients are m xe
to formfﬁo@w%%%‘?a&ﬁe@@ﬁ@a%ﬁﬁﬂhg 10 ngy of active

| Ngggdi eﬂeh&%ﬁ r%'l:ﬁ’&hcaf QbR 5O Qiminating or

Exanple 11~ ry po or amnlstratlon’b

i nhal at |¢@Hsﬂl$re$ﬁ®mrce'dﬂleahsa’asﬂ disowler, brigedichl emndmnm at

Conpounﬂ:}aﬁ%mthe i nventionl.0 ng Lactose25 ny

Represe I've Procedure: The active ingredient is

m o(rc)énld mpbrmﬂgtﬁeehseﬁkeeﬂfé&demgt :lﬁedh@eﬁt:&ﬁﬁ:lmnTm Sslowing or
ended nixture js then ed int elatin

i nhal at i®0%° ¢4 dre?ﬁﬁlgpm?ﬁé’ ﬂ‘&ﬁi‘s@i’ﬁes‘%ﬁdqg% megepl gogdition in

are admarpaﬁéreroed u3| ng a powder inhaler.

20Far mul atl on Exanp A dry powder for
adridhi stetlgfistig ﬂbeysyrlwrspam%ttf tl cipgsa iveunlers emetient condition in a

i nhal er pagenpr epared as follows: Representative
Procedure. A suspension containing 5 w. %of a
c orAsuerER avhamﬁeeutlnaléchmtaldm shltf) mcast a sabicprepaiet] fiiom dnsacid
23¢conmpoundga
o %%‘?%%if%eg*s il S AL Yn SRR s st
canibe deried|fiomi pﬂmrxﬁamuté;dnff-tamepﬁbﬁ igpradnid (ﬁf@)lrgahicmcﬂls aﬁd)frmd

20, nL of, dem ner ter sSus nis
phalflacktitoqh P aocatle Boc® Bumiy, B dcimtoaly-FSSRERs sle 2b
compouRdIof tiel pes et ivehiforbar PPl &OBL R1ds] €ss than 1.5 pm

Thzqggartlcl s are loaded into cartridges with
biTyEd e p: WC?‘EFFI&X PeseptaRle Reifeincinds, Faramemel fimited

1o, @éﬁ&!ﬁ&ﬁm;]benzenesulfomc, benzoic, camphorsulfonic, citric, ethanesulfonic,

fumaric, gluconic, glutamic, hydrobromic, hydrochloric, lactic, maleic, malic, mandelic,
methanesulfonic, 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 subsiantially fixed molar ratio of solute and solvent.

Representative solvents include by way of example, water, methanol, ethanol,
11
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An injectable fornulation is prepared as foll ows:

I ngr edi ent sAnobunt Conpound of the invention0.2 g

Sodi um acetate buffer solution (0.4 M40 inL HO (0.5

N) or NaOH (0.5 N)g.s. to pH 4 Water (distilled,
wWeRMsiIp®)Y.s. to 20 nL WO PCT/US2006/020085

2006/ 127815PCTATS2006/ 020085 Representatlve nocedur e:

o ol B S G, RIS A s

hmﬁﬁtnulatlon Exanmpl e K 5Capsu|es for orm

o BT S i e B B P sveEer RS foamibinselhgr

sowét@mcs@drycﬁgoadek it ofab Inwnas®to(iAnthdedil Riindid@ind 98salks, Fllvates

10Magnesi um st earat e0. 75 ng Representative Procedure:

andyiggeqIFngRcEY FUchs 2 splate Rk B‘E?&HPV“B‘F@M@%‘&P@W@ spthefp

, mm%g@gﬁgyﬁ?g&n@ﬁ%gbgkkﬁuﬁqgsuIe (Size #1, Wiite,.

onposi ti on 15per capsule).
For Rt temt tamimepiotsicting groasusass apetectingroup suitable for

PP B0 B SR | S Ry i

groﬁgbamcindq bittalrd mon amﬂeﬂ tou forawl; (advd igemrps, Fot ck@@dple alékaﬁkf;d gljpups

R AR s B R

mwirmﬂﬁs*cdrmm @0@%! diich Bs ARGk RS ECHA andi t €,
Opaque) (148 of conposition per capsule).

9- ﬂ%PIIGPY]B’éﬂ‘Bﬁd’ébe%ﬂé@n?ﬂaWWﬁ STNPH FuhiFE b%ﬁﬁc@ﬂh as%GTr),
andt lhﬁdt{f!" %Eﬂoﬁfbheﬁgd)ﬁethﬁf £151 gﬁﬁﬁf’. st 35 FRGRMALIGATVES ahd rers-

of solvate I's suitable Tor the particular fode
bHW%mnth$h&ﬁm¥MMﬁh&mﬁhﬁth used in the pharnaceutica

conposi tions di scussed above. Utility 35The

benzi m dazol e- car boxam de conpounds of the invention

Gemmral Syathiflit Rreedpior agonlsts and therefore are
t ed f.ul t t
e SR 95 . 5 i L R P A T

mateROepding tha fdnowmgvgeneraﬁmtﬂmh #d lpravediftés, 1 AQhsusHY wiRticale
i orat ed th a_5-HT4 receptor

nt
asp%é ah‘ihg presag, a’fe%. 1%; 9&%#@? Hhemesheloyp dhosggilied in the art
mlﬂ@éog&ﬂz@"tﬂa@&h E.s‘ﬁecté fthd ﬁ@ée%t Qﬁ\é‘ﬁ{on%gé FAeBardd ﬁ@g the methods

chroni c_constipation,” functional dyspepsia, l'ayed

deseribef hereinayiby P5ing othqa@@th@bswpm@se@ﬂ staémgmv@t@iabérag@n fo
o SO i B9 SR RS ABRBLEL S ol s rces

condigbas/@é., tenctivmittmpdratuas dintgs pmoleirstids @6 rdvelems, solyges pmssures,

hat . so 5-HT4 recgptor 5 unds
ot | AR B B ISt e ors par AT Pt i Breiee R dea.>°
Optﬁiuﬁﬁ) kedetich dondikitiel gy eeewith iheepadicabi deaétSnts bredaBihialsad, but
di sorders, nood dj sorders, _and dlsorders of contro
such, pongiions e he dP‘E?ﬁEIElF‘g*;V one Skﬂieﬂr’rn DY gpuine optiyaization
prode@fe@unds of the invention increase notility of the
gastrointestinal (01) tract and thus are expected to
be Adslétionplly, powilt permpiveif tolfxse eldled ipfhaafecongetionglpaetecting

T e S b

reaciibba SEheahoionof acslu[td:ﬂe protemﬁﬁg gipap farm particular functional group, as

e P ! OSTIEDL o A0 SR RSP . o

exaﬁlplapﬁlﬁﬁaa@is peytEdBiRp Stodps, |aﬁd fRE iSqRction dnbl @gnaival, are dedtgibed
i nvention provides a nmethod of increasing nDtiIity of

15 the gastrointestinal tract in a mamml, the nethod
conprising adm nistering ti@ the mammal a
therapeutically effective anmobunt of a pharnmaceutica
conmposition conprising a pharmaceutically-acceptable
carrier and a conpound of the invention.
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When used to treat disorders of reduced notility of
the @A tract or other conditions nedi ated by 5-HT4
receptors, the conmpounds of the invention wl|l
typically be 20 adm nistered orally in a si

WB&E"@“@fgﬁyn nul tiple doses per day, alt houghP(g'ﬁﬁséP“m‘%ss
fornms of adm nistration may be used. The anount of
m aCk | MeeRgaiaty,. ad WiissPetednpGrougo seOrgunicSentbatsaThird Bditic _,

nDunt n1n|st er day will typically be
Wilg, PHR %ﬁ?%?ne%exﬁ?r%e |ight of the
rel ﬁlvaze&nemo%w BRI Sfomplotiids W FotGula (B aeofteparddby reatibga

treated, the chosen route of admnistration, the
pipgddindmethyhpiaeridindagingg Beapwiptaiforrda (B at i ve

activity, the 25 age om5|ght and response of the

i ndi vi dual patient everity of_the patient's
synptons, and th 'S\Ei:$U|tabl doses for
treating disorde redu of the G

tract or other dIE rs medi at ed by 5 H14 receptors
wi Il range from abouti,©0.0007 to about 20 ng/kg/day of
active agent, |nclud|ng from about 0.0007 to about 1
ng/kg/day For an 30 average 70 kd¢Thuman, this woul d
nDunt i oM ghout 0.05 to about 70 ng per day of
5?F%§n 83%’ oOne aspect of the invention, the
conpounds of the invention—are used to treat chronic
consti pati on. Wen used to_treat chronic
consti pation, the conpoun of the invention wll
wh'éj‘:éFL & ahéayml@%r@?rrroa esdneshas, %hhh/asl dhlcRo, bir AYAs108R silfonic
dose or in mul doses ay. Pref e ably, t he
esterp QkoXyBicciniaide. ang Rc prdXiaEe ‘%@ﬁ%‘i SR range
fr ofs, a0 %tgﬁicﬁl &B@ﬁ@ted cBEta@tﬁ:r ﬂ@bﬁaedﬁa‘?e (%‘?Witﬁ@ﬁtween
aspect of t ntion, onpounds of t e
aboui\t e:nd atont &6 eqlusddltﬁ of mteemdl@e (Rrig) g mlee apgtigfliluent, such as

dlC?l OI'O é%%ﬁ%e rgsegce ?fgihfggs? C@mi ah n %ﬂ}ﬂ%ﬁﬁgﬁp gﬁc‘ﬂ%@ t

N, Nmﬁi@t‘dp@l’tﬂwﬂdnimé y$mta‘aﬂe Iu;erihhluem:tsrfm itlgs proedhs attthhbsp dieseribed

be]%%wg gﬁlg %@é Xfil\ﬂ&sz%ggri}f rlfuga'nﬁa? %%(gntlcﬁ‘ dg%anse ?? -te%aclﬂoroemane

teu%ﬁf:ﬁ&ﬂuﬁa,t drdnhdRIRM 09&1ﬁﬁléta1ﬂ1ﬁdﬁa§@kfoﬁthb QMbssés}Uﬂ'ﬂqum‘snt
range from about 05 to about 70 ng er. da
invgRianHakso indpdedricthylamne, PW&IH"t mghfhe b E?ﬂj'é Galchhe

cohdW¥Ed b H8m gérﬁtu}ésﬁ%é Bnded Fabont @ °@'t@ Q@Ju't 0 °C for about a quarter

gast r opar esi When used to treat diabetic
hogréie ebaip 2 hews.oor unhleth@mﬁmnﬂ gibstantisile complsie: iFspmplary|reagents
Ri & y
L-LXRA Gich Y. 16 8ﬂ$r%fﬂ1 MALELRS cgceafde bobchd) pfers] Jhﬂtﬁf;/)ﬂﬁdt%
chldﬁﬁ;enzfogarchlorﬂa,tandgnalﬂnmmﬂfonylghbnd@par esis will range

f d
o Pl Eagis T ehod fevThoen ePBRO e B () Bertish it
selbélé!cﬁl!ﬂ&h 0(‘.3((iné R R IO, MMOfG(Hﬁ]OIﬁ%\bandaﬁ@@ﬂ&d by the

When used to treat functional dyspeps]a,
amidsreguRlageastion plean inFaRdBnO Lol ?&9 it 3 iﬁrwyhc acid of
fo ¢%ftered orally in a single daily dose or in

t e doses per day. Preferably, the dose for
treating functional dyspepsia wll range from about
0.05 to about 70 ng per day. The invention also
provi des a nethod of treating a mammal having a
di sease or 20 condition associated with 5-11T3
receptor activity, the nethod conprising
adm nistering to the mammal ,a therapeutically
ef fective amount of a conpéand of the invention or of
a pharmaceuti cal conposition conprising a conpound of
the invention. As descri bed above, conpounds of
the invention are 5-1174 receptor agonists. The
i nvention further provides, therefore, a method of
agoni zing a 5-HT4 receptor in a 25 mamual, the nethod
conprising adm nistering a conpound of the invention
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5 repolarization, specifically to cause, so-called Qr
prol ongati on, which has been associated with cardi ac
arrhythma. (Cavero et al., Opinion on
Phar t nacot her apy, 2000, 1, 947-73, Fennini et al.
whiaeng1z7sRevi ews Drug Di scovery, 2003, 2, 43%CEAS006/020085
Accordi ngly, pharnaceutical conpositions conprising
conmpounds of the inventiongre expected to have an
acceptabl e cardiac profilell 10There properties, as
well as the utility of tHE& cdhpounds of the
i nvention, can be dennnstr@WPd using various in vitro
and in vivo assays, wel |l - novn to tho%e skilled in the

In faprmula (8 sepmsants R GERERAVR’, ar C(HR'IOR bagh thet 1O K er
| ; | . _
corflEbehis o X, o 46 el R RGN, 37 e AMFGE Ntz rcton of

intepimbdinte @I} betivkdnudbuial sndtabeuti Infvaynivakents ofitic carbexylvtackigIV)

construed .1 n any y.as . ldmti t he scape of the
sro iy SRR i D B SR 117 stetetn oFF sBBRE npte Sucf as
O-(AhRiRviatiiddN S DTN A, NeteirihbibydgivERR b Mg Sophd ke (HATU)
ot herwi se i ndi cat ed., Abbrevi ations not defined bel ow

in apolaz apgle polyrahichps fimethydigtaamide orfhessidiggussed above. The acid
miAfQe T Béd coRthbRANSAN ALY RMPPLT AL BREGYL ogwt&&ﬁiag&t iz &

=acetoni hile TEA=trifl uoroacCetic acid 25Rl=retenti on

abopd eqyivalents of apaminsbass, Sy gxaanle.dnislipeirepyirihdsive dlhe

e SRSl SRR 5 e i o S oo
for plerait & iyeamsT ver & ahont Uhales, onintil digreractivmizssobetadiallyicingdete.

t t i . Pr. .of i i xt
o itk B AR el GO hES B PR B (T
dinﬁﬂlglalgtﬁﬁ@gifébé@fbdgﬁﬁdﬁmﬁl%{iﬂé Gﬂl]t’(cb, ch rﬁmgﬂt@ﬁglmaz’ol? (CDD
nal .. . mass spectraonetr e aetalls o
1,3 éﬁ%ﬁf@ﬁh@é;léﬂg%d}’&?ﬁ%@%@, éﬁlfgb%‘é?fﬁﬁ%%'é%/y%’ﬁyﬂi ¢
phoSRARhESx fludrGAS IR PyBRRAC ﬁ“h@ébuﬂiiﬂ%ég%ﬁ@ WS b8 cRbiKE&Lwith

up_as described specifically in each reaction;

prowgiAgeyis.iprsrapplee - hidory-d@zagnatiazale(Hodtand ot her

Lol j S (= d
R A R 08 ARyt SRSl Bran )
pr et ygianetheraifernatiwrproess, compaindoof foimxtla(lps widcleX is

4 purified by.preparatiVv a er.
ORI G Bhed BY B B Ataaiie a2
isocy@att afele prrduct s was routinely carried out by nmass
and 111-NWR spectronetry. For NVR nmeasurenent sanples
wer e di ssolved in deut P& Rol vent (CD30D, CDCL3,
or DMBO-d6), and 1H NWR s lia 5 were acquired with
a Varian Gem ni 2000 instrument (300 MHz) under
ThegeagHemis dyrinsdls eensdurisn by eerdacting ingermpdists (Hpwith behween dbeut 1

A S TR T W

at b@ivesyaboeiibandRbsittdreq@ivalents OAn amihe basaPThd fectieX is typically

b NStr nt _or an il ent, (Pal t del 11100
con Bl M eRpe Bl (o B bRl om e R Gam ptiver
hou:&Zto!aB@ﬂ!ZQEhyﬁrz,]drﬁbﬁnﬁ@f%ﬁbtﬁmﬁgb@sﬁn%ﬂlybﬁmjﬂei:d} acic d

piperidi n-4-yhnet hyl )arnide_a. , Preparation o

2, ShG PR Gh EHEBIRAD St eolaiva Ry Pirifisd By cqgyeptional procedures
For Bitabodphs) Gk paéiulf cah € c&@eﬂ&ét&i‘to%;g%sﬁiﬁdﬁ%&ic@& %1%%9%%8%}&

cacid nethyl ester 15 (Chess H 50 g, 0.26 nol) in
residyspyrifiedehgMap eropgwgraphy. was added pal | adi um

hydr oxi de (Degussa, 20% w w on carbon, 58.75% w w

water, 10 g). The slurry was degassed t hen shaken

vi gorously under hydrogeni¢4 atm at roomtenperature

for 48 h. The catalyst was filtered and the filtrate

concentrated in vacuo to afford 2, 3-di am nobenzoi c

acid nethyl ester as a dark orange oil that

solidified on standing 20 (43 g, 0.26 nol, 1009%.

(mz): [MOCH3]+ calcd for C81110N202 135. 05; found

135.3. 1H NMR (300 MHz, DMBO-d6): * (ppm 3.74 (s,
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pi peri di ne-1-carboxylic acid tert-butyl ester 5To a
sol ution of
2 i sopropyl - 1H benzoi m cl azol e- 4-carboxylic acid (9.0
g, 44.1 mmol) in anhydrous N, N-di nethylfornani de (100
WRIZ§SHAB I dded 4- ami nonet hyl - pi peri di ne- 1- cBETB3()46{0g0085
acid tert-butyl ester (9.4 g, 44.1 mol), followed by

N, Nethd Sigsidash&hipipdidmgintcliby Sternedialy oDformulh I]I) afhe
sol ution was stirred for 15 m roon1t éF

repried FoPGed s asable SR B R H D gl 4t Srtgme
44.1 mmol ), N-Ethyl-N 10
(3-dinethylarninoprog%l)carbodllnsde hydr ochl ori de
(8.4 g, 44.1 mol), BRI ti ona

/'V, N-di met hyl formam de (50 nmL). The reaction m xture
was stirredy at roomt rature fpr 16 h, diluted

with di omret hane ( m), mwﬁitiﬁ
sequent wi t h—LM-agueous p hor i n*g, 1M
aqueous Q@?Uﬂ1hydroxide and brpg’ The solution was
then driedypver sodium sul fate andgconcentrated in
vacuo to ord a brown oil which sollﬁﬂmled 15 upon
addi ti on of hexanes. The solid was filtered to give
the title internedi ategas beige solid (13.8 g, 36.0
mol, 78999 (mMz): [Mt caned for C22 P21\1403
401. 26; 5. H'M Bod+H 301. R4
_(anal . LC: 2-90%@yMeCN H20 over 6 ¢
NVR (30 _QFE 0-4): 8 (ppm 1.20
(s, 911} 37 (s, 611), 1.72 (m 11
211), 2. 73 s, 2H), 3.22 (septet, 1%& 3.(®6 (n
211), 3.95(m’ 20 211), 7.26 (t, 111), 7.63 (d, 111),
7.79 (d, 111), 10.11 (t, 111). d. Synthesis of

2-1isopropyl - IH benzoi m dazol e- 4-car boxylic acid
(ni peri difn=g-NH"y hyl) aiffttde To a solution of
= - py1- T m dazole- 4- car bonypani noi nme

t hy1} pi pefii-éi ne- 1- carboxylic acid tert-butyl ester
(10.8 g, 27.8, Mol ) dissolved in 25 dichl or onet hane
(50 mL) at 0 C @@ slowy added trifluoroacetic acid
5Q,m.) 4n.5 ortions. The solution was |l o
g DO Bahe bR OPE m SRR R b iRt ¢ Bl
budRyditimigBob)hen evaporated in vacuo Excess
trifluoroacetic acid was renmved co- evaporat | on

wi t Rirttor ereieylicranid offormmle (YRis 1 "‘d‘ﬂb%l?ﬂo glgd prpmgmethyl
ey i goomhans conf rbudoniote
coﬁﬁnmsﬁbypmnkwhng(Vﬂ)hﬂﬂmbehmﬁmmﬁhqm&ﬁ@n@ﬂhQﬂézPQﬂ@ﬁﬂﬁﬂHQféﬁﬁﬁFWd

t o af.f rd t.h e o
s SRS L b BB iyt S i
agd® %scnlﬁeraﬂ abdve, Edeki[mpia Negihflov-( Gl RA:1RANAG0 B Oy R drbodimidel

01.5. 2- MeCT\ T/ H20
tydogioite ) cortblad Witk byt (RRED REUD 3):
caﬂo&@]ﬁnr&ad@a%le((@[ﬂﬁcl)ﬁbmeh vaith { mdlakéliayclo@?z Z]Zmﬁ.ﬁe (DIABCO) The

, 2.04 111), 3.00 (m, nb g c
reaghqrgls @mwaﬂwondgctg@ at(asfétap@gm%g} Il}e raqge6>§ alequ 14 92 oyt @)y
for(%)@mse]:ﬁ %%out { ar?cp?l:(o% 24 ks orhnPfhe keacdnli sublsiagRaly@bndRte.

esIs O
2-1 meﬂmg]@fb@eﬁﬁ A ramiayad o integeadisss (M) by geqgntional

me%ns tglpg gil %glﬁed%afte .l P(.J)r e%m]slll ,nwhen)golg% 1@53 L@t‘ﬂ& bg?ecéng

444- {[(2 I sopropyl- 1H benzoi m dazol e- 4- car bonyf | am no
| met hyl | pi neri di n- 1-yhnet hyl ) pi peri di ne- 1-carboxvlic
acid tert-butyl ester 0 a suspensi on of
2-isopropyl - 1H benzoi m dawl e- 4- car boxylic acid

(pi peridi n4-yLtnethyfl am de bis-trifluoroacetate
(6.84 g, 12.95 mmol) in dichloronmethane (65 nL) at
room tenperature under nitrogen was added
sequentially N, N-diisopropylethylamne 10 (1.67 g,
2.25 nm), a solution of
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5 pyridine (40 nL) at roomtenperature was added
2, 2-di et hyl propi onyl chloride (1.7 g, 14.0 mol).

The solution was stilled at for 16 h, evaporated, and
the residue partitioned between ethyl acetate (100 mrl
wP 200802780 aqueous hydrochloric acid (100 nl)PaNigs2006/020085
organi ¢ phase was separated, washed with 1M aqueous

,an%ideﬁc@ ¥EHiflaedhdent sdid bat e
gng%’gﬁ glggiégtﬁ)g%ﬁt)o %f&g%rt?t%lhe title conmpound as a dark
hydsiothlerde iy, 10 10.8 mmol, 78 % which was used

A U 05T ) e e sy

mt@mtedrate OUE)Wit +elotnied pmedmcabmai@hm vihisgeagdipafis Aypically

of .the of th
cofelstly Spopiosfie SRLHG 480 Bl RV FRuEd Bttt o e
protededSipdridad- oufbdﬁﬁdd]:@ﬁé h)anfm)&‘rt (ﬁlheht ih ¢hegfrdsemo ofi between about 1
honbgenoys .15 sol on. The_saq evapor at e to

Fl?%l? 4 Gﬁlﬁzalqﬁsd}%@gu t{g}qg&gerg.a g%tlgqaﬁy +boY Is'olnF\éq onaL &8, &

aci'dn§u%ﬁ ﬁ?ﬁ@eﬁé &1@@&1@6 bridisded ksbcsletatetnd #adiod. THe &amm|may be
9 . z): [MrH 4 oak(' for Cl2H14N202 219.12;

comcbagtq:d a@qmemwww@a@@owmc aoiBbeut 30 °C.pmicaly betygen ghout
20 9dfband %o%? 30 o, f%l(ltz(y 259’&) a()gut 2]1F<Du.rs ér Bl £ reabtibn is C-

Preparat| on of tert-
substddtibiyncomiphatelaz ol e- 4 car bonyl )am no] met hyl | -

$Op A ?rgﬁﬁ CAL PO GBS ndmb& icRidtoletRl &l 1,2,2-
tetﬁwhlefdet‘danﬁ, ;tﬂ&thbﬂﬂaﬁ n]z;qnndai stdachedecata ifdudyg lsddivmaci d

%)éd g(ﬁ?qkz}clgf s aq(q%lgﬁjaarghx fid 7 @@&3@%& o%yd%%e The product
(CH3E ReAWL By ht&ﬁcﬁﬁ%%b@edﬁﬁbs 7men ﬁe@uﬂawm) is Elgplis®@ hdtn @M salt,

was stirred at C for 2 h, then

typicallprbeigrean ahpnt handeibpe drsmivaleatssd wy prine basegsuck ¢ Vit v

2
@%@Z&fgl@lz%aﬁgg EI: ﬁliflg@ 2(1“]%‘3%% rteégﬁién ﬁmﬁ%ﬂ e, pr(gt@cl,ting ﬁﬂp By is
rergoyted toominteemeditie (XS Hy aqnvgm@nfabpmqegunes o HPW@W@G to

i ut nL) and et hyl
ppéeﬁlgjflgﬁé%lygglpnﬁ%gy%ega%%%gusg‘%g?f’ér was renoved, the
or gandachokgljcescidref foratlan{ VI cancdtequre fzd fron) g digmineticnzviercid or

sodi um sul f cenjrated in vacuo to afford
estphlsy thr progess {“é‘iwr%‘g%“% ihsz g, 3.18 mmol, 73 %
whi ch was used w t hout gmdrhgs purification. (nfz):
[ MkHr 30 cal cd for C23H34NA03 415. 27; dound 415.5.
WO 2006/ 127815PGt/ U52006/;U20085 d. Prdparation of
2-tert-outySbepzolmfdazee- 4- fOXPHLO0 aci d
(pi peri di n- vI met hyl yamde>
{[(2-tert-Butlyld¥:zbenzoi rni dazol e- é‘ bonypar ni nol ne
thyl | - pi peri leae 1- carboxylic aci H t-butyl ester
(13.5 g, 32.6 mml) was dissolved in HCL in
di oxane 5 (200¢xmy) and stirred at roonvhenperature
for 0.5 h. The resulting solid was filtered to afford

wheteeR tipsestiyemetbil o hiydregena | Integnedizie Cf) isireacted (rathsarbargio

k8o S et 1 Ty M e

by tote@ibe diR)acidlor !Eettel(G{I) ﬁﬂ:ﬁ))e;t\@elgﬁ)omﬁ amilarb)mt 4e09ivalents of the

41 3. r 21 ),
cadpilic s etYOsTny o pybion® ppig GO PRl Sfowic
condudtetlQf 4 tePipbythrelinthenagd ¢ dtlaadoec4s amubion ianaboul 1P

hyl | pi peri di n- 1- vl met hyDpi peri di ne- 1- car boxylic acid

tert-butyl ester To a suspension of the his HCl
salt of 2-tert-butyl-1H bedfoi m da7ol e-4- carboxylic
acid (piperislin-4-ylnethypam de (4.28 g, 11.06 mmol)

i n dichl oronet hane (55 nth) at room tenperature was

added N, N-dii sopropyl ethylamne (1.71g, 2.31 ralL), 15

1-(tert-butoxycarbonyl) pi peri di ne-4-car boxal dehyde

(2.58 g, 12.17 mmol ) and sodium triacet oxyborohydri de

(3.28 g,15.48 ranol) sequentially. The resulting
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Evaporation of the organic solution afforded a pale

yellow oily residue. It was purified by 15 fl ash

silica colum chromat ography (CH2Cl2 to 5%

MeOH CH2C12), Yielding the title internediate (4.4
WQRo0s(123ky) : [ MtHr cal cd for C: 91- 135N304 370RCATYS2005(42485

370.5. b. Synthesis of

sboly B darpt byt dbarare B Bpdifafiips A%k ©

sodﬂ:&ﬂh}(dk&di&e bt 19X yRand eRYat By onvekibydl hishRer | dl n-1-ylnme
thyll 20 piperidine- I-carboxyllc acid nethyl ester

(4. &ctglve@ent@r% fpr praviging t eHehas iyl efigcuses
2-aR GRS nitbbdn b0 L 08 piliyE o i(sh.(20 ML) After stirring for
20 mn at roomtenperature the sol ution was
evaporated in vacuo, Yyiel dlchg t he
bis-trifluoroacetate sg Ofaffge title conpound as a
pal e yellow oil, whic 5 used wi thout further
treatnment. (nfz): [MtHYcakdlzf or C141127N302 270. 22;
found 270.5. 1H NVR (CDBOP) 8 (pprr) 4.0 (br d, 211),
3.6 25 (m 511), 2.9-2.7% 2.1-1.9 (m 211),
1.7-1.5 (m 611), 1210ﬁn 41) Exanple 1:

as Y, indteRhl. Typically, 2-ammo—3-mt1‘obenzom acid methyl ester (X) is
{1 (2-isoprop 1H benzoi m dazol e- 4- car bony1l) -

dlssah'i(eqia 3] mlﬁﬂﬂ}lmt Fegnged byyxmw;ﬁp pPpEpeadiafaaspbera bk y
preéehé‘e cﬁ‘é'ﬂnﬂﬁ&rmﬁla%?&'iaﬂst fo d:g%v&:? ot e mefhyl estor

2-1sopropy enzol m -car boxyl'ic aci
(XTY. Trheirgretioutistypdeajly corglublpd pi qcmdmnﬂ temperapireniarhbeu i theabout 72
hou;g 9 g, 7.3 mol) in dichloromethane 30 (50 i) was

added N, N-dii sopropylethylanmine (1.05 nL, 7.3 mmol).

TheWhenshé subsfiuan RS saricatisbulby lae ﬂ)rbﬁatﬁplé} whan@t' iseeriphiyl,

h] qr of,or, e 76 RL,. .7 I ed dropw se.
rore s R 5 GV At (DD G B PsParg BY Fhe STty Ficth
este¥\ a8608dih € oAt~ s@e]a c}ﬂ&)essﬁlﬂéjﬂlﬁk‘t?a@ﬁ, ﬁ&%ﬁamme,ws&m%@

afordabelge sol i whi ch was purified via
preparative WO 2006/ 123(§MU820061020085 reverse
phase 11PLC [gradi ent of 5-10-25% (5-10% over 10m n;

10- 25% over 50 rgn); flow rape 15 ni/mn; deted:tion
at 280 gin] tﬁ%d the hi 8 _trifluoroacetatqjsalt
np

of the flitle hd af awhi®®esolid (3 7 BHL

0e (tn/z): [MFH gi_,zcd for C25 03
wjound 456.3. Retgption tinme (anal. \HPNC
) = 3.06 5 nin. Bagple 2:

MY 1120 over 6
Synt%& s of )b/&
4-(4- 2-isopropyl-1H m dazol e- 4- car bonyb}r
amn t hyl | pi peridin-| -éﬁpet hyppi peri di ne- 1- Pbox
T
As %Isérﬁnefi‘%i &t@f‘?’ﬁl@aﬁ% lgwiténﬁ%eﬁ L ester is first rea(éted with

I SOpPropy enzo nrcla Xyl1C

2,2-{itnefiytyeopioiyd clloriddtoprovidetize hn@medlduer@{m whm ishyllyedice

sooh ik SPamDRrsPRRoeh | S50 FBY b e
zert-aﬂgmzﬁmﬁda@a@f;ﬁw@mea&a@vpyt L). The m xt ure vvas

stirred roomtenperature for 10 mn,

co ﬁt@maélff%awthﬁd%féwh% coaPqufEef foraily ?Ib‘i?é‘rbﬁﬁ%’-ﬁ?éfed
acco&ax foScﬁe e&@ rchﬁés%s&a@& ﬁ@s&efn% i the Fah iR %ﬁﬁh&i fnd

he title conmpound as a white solid
otheoreaglqnﬁdbscn'gaﬂ dpye, nd()r. usjrighalerngtiyeogadtions wejl Icnown to those
03 518.32; found 518A. 111 NMR (300MH |,
Skl“%ﬁ%’-]“‘g%l? 8 (ppm) 1.14-1.28 (m 211), 1.39-1.53 (m
1.52-1.62 (m 2H), 1.70-1.78 (m 2H), 1.92-2.06
(m 411) 2.82-2.97 (m 64%%), 3.32-3.38 (m 211),
3.43-3.50 (n, 111), 3.52-3.69 (in, 211), 404-4.12 (m
1H), 4.18-4.26 (in, 111), 6.91-6.98 (m 111),
7.08-7.13 (m 111), 7.21-7.28 (m 111), 7.45-7.50 (m
111), 7.73-7.77 (m 111), 7.81-7.87 (m 111),
9.02-9.32 (brs, 111) 20Exanple 3: Synthesis of
2-isopropyl - 1H benzoi m dazol e- 4-carboxylic acid 11-




10

15

yl met hyl }am de To a sol ution of
2-fluoro-5-trifluoronethyl benzoic acid (100 ng, O.48
mol ) in dinethylfonnam de (4 nL) at roomtenperature
was added O-(7-azabenzotriazol-1-y1l)- 30

WR2RINA8EP- t et r anet hyl ur oni um hexaf | uor ophosHHAYRZEHBYSS
ng, 0.48mmol). The m xture was stirred at room
tenperature for 0.25 hgctehen
2 |SO@yopy1 1H benzohni dazol e-4- carboxylic acid

r di 4 yl met hyl pi peri di n-4-yl met hypam de (210
and N, %ogr qpy! et hyl am ne (0.184
N96 V\ére ddde rring continued for

her 0 5 h The sol uti on was apor & ed in vacuo
and t e crude product purified by r o H -X
[ gr adi €48 of 5-10-25% (5E0% over 1 10-125
50 5 min); flowrate 15 nil/mm deteg _<Bn at 280 urn]
to affgrd the blstrlfluoroacetate al t'gof the tgtle

conmpoufid as a whit id 0. 09 mml 18 9.
(it @ [Rh11].+ CHNeaTT 6 E4N502 588. 30; found
588 ynRetention tine HPLC 2-60% MeCN H20

oveNH~4( mn) = 239 Mtt Exanpl e 8: Synt hesi s of
2-i sopPopyl - 1H benzobni dazol e- 4- car boxylic acid {1-
1011- 8@ f 1 uor o- phenyl cafBanoyl ) pi perl di n-4-yl net hyl 1p

| l;
AR P I (R RS s opis OB e i

intgrmegipio of fodinnlaAXIN) toptavidepi cpmpoﬂhdmf @mtmitﬂﬁ)h yiftua indacibon is
typigfI oo m et BB ol s S Bod B %ﬁﬁl&ﬁ%ﬂ?@fwem

withtﬂiewrﬁ@dteﬁpxp@dhﬁoaﬁdﬁkﬁﬁeﬁjdbﬁn dédheshkiasopr opyl et hyl ami ne

(143, 2 ng,. | fol 'qwed by .
41%??8}1%%{1?9@ 5%‘;?&1{3{%6‘1(%7@‘?'&%@% of ddydrppmyethyhpiperidine
with @iiézﬂg&ﬂt !IJQJ(” oftfoknRINEE), $lioWed By éhdﬁtﬁﬁmf tt]fe‘%'l Liﬁt@nnedlate.
overni g concent rat ed in vacuo and the resi

FOTF?ES?IP]PIF’ r ‘ﬂby PHtieHaT @s ofeX iseddPIRCHH iermepiat (f@l)a:an be d
P& RisHowbt infd gacetate salt of the title conpound
pre%s a whi e sc‘):F{ ?92.6 mg, 0.12 mmol, 22%. (n2h):
[MFITlI+ calcd for sheard 602 535. 32; found 535. 2.
20 Retentionginme (anal. HPLC 2-65% MeCN H20 over 4
mn) = 2.09 {in. Exanple Q@nthesis of 0
(9]

2-1i WwpyCl1Fokenzoi m fmcar boxylic acl {ll:L
Ho( Llpethanesul-fosy| pjyper] di -4 yI'met hyppi per | i n4- M

et hyl'l am de
2-1sopropyl - 1H benzoi m ol e-4-car boxyl i cyaci d
(1- pi peridin-4- ylnethy eri di n- 4-yl et hy Dat @G/He

Flrs( ﬁ’(ﬂ &?Exym?eﬂér ng Ja-kdaéne‘('@ ‘f‘%lgt!ﬁé %%%e%c}h&k{ml\%omée?g 0 Lﬁp]ém thF o

hydtcmmetgyiplpbm@ne mdid@@m) Rioki nemmn mcyjaleﬂhr)doﬁmctbﬁ by

75, inL, 1 ol.| owed t.hanesul f onyl
confaink PydRimbiigbelighng n B Rhectly Bl R BeAwagt doptd
aboaxts erqmmeme apmemwmréfmmaal&nhh d;ﬁrb@ﬁcmm@m%ﬁ ARel3 kil about

the resi due rlfle reparative

&s dhapspetiongs Fé‘ﬂ}bc"élﬁ%cf % atepreraiee dube rapgeof
abo@c@] °C t@ﬁb&u@% bt fdr%b&ﬁﬁ.@%%u@@ l‘fbuﬂ"dr Fﬁtgla *e%t{o% s2 I,
mol, 40 % . (in/z)

subm;&lbecpmg Ime@mzchateﬂmqu thﬂle)xzdizelééo et tbmfmmyilplperidmyl

inte{ Bl OUES et hB ooB St ek ot op b

suchofs adomdingfi¢rofloxnlyl Ehiorydedind demeatioilsildaide (Bwein cxidiuny, a
am no] - et hyl | pi peri di n-1- %I nmet hyl ) pi peri di ae- 1- carbo
xylic acid methyl ester Td3t he crude product of
Preparation 3 (2.4 g, 5.8 nrriol) in dichl oronethane
5 (29 m.) at roomtenperature was added
/'V, N-diisopropylethylarnine (1.5 g, 11.6 mmol) The
resulting mxture was cooled to O C and net hyl
chl oroformate (660 ng, 6.98 mmol) was added dropw se.
The reaction was allowed to warmto roomtenperature
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2-tert-butyl -1H benzoi t ni dazol e-4-carboxylic acid

{141- (4-fl uor obenzoyO-

pi peridirt-4-yl methylipiperidin-4-ylnmethyllam de;
wWOipneN278l3i-Hr  cal cd f or C31HAOFN302 534. 3FCHHIP$/020085

534.4. Retenti on time (anal. HPLC 2- 65% MeCN71120

e i 2y} ke S Bl e,
sodipy iyt ma}gn@mrmﬂpa padalysd »swhlasylmfe@ tejtmnphhple}-pmmmoxy

@EE acid nethyl ester a. Preparation of
ﬁe&- .- @gr ox@-‘ 1- net hyl et hyl ) - 1H benzoi m dazol e- 4- car bo
Xy| [The pepatation of a sadpdindf Gfrmdla3T)akicadihg e oueed muaezi) @f

solgae B usBa St (STO0s fogbed i I impist £ 0 25 bigow:

mmmmmﬁbﬁlcmfﬁrﬁfu& (WRsan Sisb b6 BRpatd bPRGctglk c%oﬂyhc' akid of -

was neutralized eG)I[eguse of aqueous sodi um hydr oxi de 10

forgyia (Vlbwith #n igisrmedialp af Poprele BFLPHO HY BFPRESTIOVEKE). As

I8k Nage FUsRRIIEH: bﬁvﬁ@éﬂiﬁéﬁ}b

' t hr ough ca f? ter paper. The |Itrpﬂeq&atfsléllg%)cﬁ%g%{?gmwgwd

amigeinettiylpipesiding withvisistmddiste@K¥):t h et her. The remi ni ng
solid residue was dlsscgaﬁa%éfp et hyl acetate, and
washed with brine solution. "After drying over MySO4,

t heg organi ¢ sol ution was evaporated pn vacuo,

y1 he titl rediate as gN el l
d'\@ The af%a@ duct 15 Wwas use N;Euggéxt

st e out further purl fication. (ink): cal cd

for C111112N203 221.0 ;ound 221.1. 111- NI\/R ( CD30D)

8 (ppm 7.8 (dd, 111)% 7 (dd, 1H), 7.2 (m IE¥D 1.3

Whéré P dl? %I?(‘Aml'l’lp ro‘?%cﬁ?lg ?%lu% t8 };?41% 1 a( ngtac? ?oqriaéie%ate of
formalakﬁKNjZ)l fcdl]nwaaﬁbymﬂd?}yd)tbcpnometepd IThe breyhﬁlﬁinqu lebipp@@is sicting

1- carbo ester 2 | utjon f
to e ERRG ik erdabed B pRayn & o o amalss of oo 11
pr eMicqtihenik @FLX C( @okﬁ(rv?mb:) = !
m norreafgﬁ laﬁ eg]% ne produc fG gf?&ﬁdo% CﬁO)OHarﬁ

avagable qgumergs y priaroregdilysprenareg ey S)tandaqqldnocedures from common

stariMgp@ieyignzot ri azol e (HOBt) (0.43 g, 3.18 mml) in
di net hyl formam de (50 nL) was added ttiethyl am ne
( 1. T3t detadls geopdiniz)spegific Nagtiqmeonditjons and other procedures for

A A R e T b ST T

desetibed ot txmgdesdelowe for 12 h, and concentrat ed to

dry vacuo he re due was partiti oned bet ween
G AR tele R pad ek o St ids i fpr reparing a
corriploﬁﬁﬂ drromta ()] BEa QllORRiEeoidURE (HORST, o pRsteVBinpNERD?
and, evaporated to dryness, yieldi

n al e yell ow
(@) e cemaennd of forpald (i |ce—@pwdp§ @q@atp rula/@ls i) ceacting 2

g e N

Argitisa cmmnﬂ iobformpla XTEraprovidelaContho@bef formula (1),
n) = 3.67 min 111- NVR (0030D) 8
m?’@??#&%&%@ygﬁ'ﬂf%*“ 7.6-7.5 (t, 1H), 4.0 (hr d,
211 an 8idBiops] m&hdd as@ecﬁ) -tRe Everftion poavidesih pro%eé@&'orlpraaaﬁhg a

comg?yﬂ%wé“@ uéﬁg) vghcrem 9(1"19 Selectedl gorg %(O%%; C(O)%((RaJH?)R and
-C(AAERDOR 3r bs&r&&wrebldaﬁkhmb@bhyﬁe)pr&dab&%&? ﬁF?e’aéﬁﬂ

4- carbonyllan1no|nethy|) eridin plperld
comppndpf &yl wih acpmp |forgala{Vy Whﬂfesp% rrefresshts
2- (2- hydroi v- 1- et hyl et hylIp- 1H benzoi nmi dazol e- 4- carbo
xylic acid 5To a solution of 2,3-diarai nobenzoic acid
met hyl ester (2.1 g, 14.1mol) in 4 MHC (90 m) was
added 2-net hyl - 3- hydr oxypr opi oni ¢ acid nmethyl ester
(5 g,42.3 mol ). The mixture was stirred at -90C for
24 h. It was neutralized by use of aqueous sodi um
hydr oxi de solution to pH 3, and concentrated to

e
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Usi ng the procedures of Exanples 1-13 and variations

t hereof, the conpounds of Tables Ito ix were prepared
and characteri zed by mass spectronetry. In the

[ | owi n ng tabl es, blank entries denote hydrogen,.

W@fﬁ% 1878¢ Exanpl e No. RL R2 Ml ecul ar For%cgmszoosfozooss

[ M111 + cal cd [ M+11l] + found 16 i Pr - CH2-phenyl
c@aﬁ)mmm%ez“‘sm 58@Ad2a domgiornd pPloragia (11,41 & $€)Bor
St484i 326”84 % 18 03u phenyl C311141N503 532.32 532.2
B %ﬁf ‘phenyl C321143N503 546.34 546.4 20 tEu

I Pr The invention further provides a compound of formula (II), or a salt or

stereoisomer or protected derivative thereof, wherein R? is defined as in formula (T).

Crystalline Forms

In another aspect, the invention provides 4-(4-{[(2-isopropyl-1H-benzoimidazole-
4-carbonyl)amino]methyl}-piperidin-1-ylmethyl)piperidine-1-carboxylic acid methyl ester
in crystalline freebase form or a solvate thereof. Three distingnishable forms of
crystalline 4-(4-{[(2-isopropyl-1H-benzoimidazole-4-carbonyl)aminomethyl}-piperidin-
1-ylmethyl)piperidine-1-carboxylic acid methy! ester (hereinafter compound 1) have been
observed.

Crystalline Form I of the present invention is a crystalline freebase. Form I is
characterized by a powder x-ray diffraction (PXRD) 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 23.6840.20. In particular, Form I is characterized by a powder x-ray
diffracﬁon pattern having diffraction peaks at 20 values of 19.00+0.20 and 19.70+0.20,

As is well known in the field of powder x-ray diffraction, peak positions of PXRD
spectra are relatively less sensitive to experimental details, such as details of sample
preparation and instrument geometry, than are the relative peak heights. Thus, in one
aspect, the crystalline Form 1 is characterized by a powder x-ray diffraction pattern in
which the peak positions are substantially in accordance with those shown in Figure 1.

Form I has been further characterized by x-ray diffraction analysis of crystal
structure, providing the following lattice parameters: unit cell is orthorhombic with
dimensions a = 16.9053 A, b=19.5172 A, ¢ = 15.4659 A; space group is Pna2;; calculated
density is 1.22 g/em®. The resulting molecular structure confirms the chemical
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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&R21143N503 498.34 498.4 Table Il Exanple No. le
R3b R3b R3d R3" Mbl ecul ar Forrmula [ WM cal cd [ MtHr

found 21 tBu C C311440C1N502 550.29 550.6 22 ilk
C301139N502 502.31 502.4 23 iPr F
WO 2006/127815 PCT/US2006/020085

may be identified as a melting point. Furthermore, the thermal gravimetric analysis
(TGA) profile shows no significant weight change event below the onset of degradation
which is above about 240 °C.,

In yet another aspect, the present crystalline form is characterized by its infrared
absorption spectrum which shows significant absorption bands at about 766, 1097, 1251,
1413, 1449, 1579, 1609, 1640, and 1696 cm".

The present crystalline form has been demonstrated to have a reversible
sorption/desorption profile with an exceptionally low level of hiygroscopicity (i.e., less
than about 0.25 % weight gain in the humidity range of 2 % relative humidity to 90 %
relative humidity at room temperature) as shown in Figure 3.

.Additionally, crystalline Form I of compound 1 has been found to be stable upon
exposure to elevated temperature and humidity. After storage for three months at 40 °C
and 75 % relative humidity, there were no detectable changes in the DSC, TGA, or PXRD
profiles, in the chemical purity as determined by HPLC analysis, and no observable
changes in visual appearance. There were also no changes detectable by DSC, TGA, or
PXRD after milling particles of Form I from a volume-based mean particle size of about
470 microns to a volume-based mean particle size of about 15, about 22, or about 29
microns. :

Crystalline Form II of compound 1 is characterized by the DSC and TGA profiles
of Figure 4. TGA analysis shows an onset of weight loss in the temperature range of
about 95 to about 105 °C , typically at about 100 °C, in a step profile consistent with water
or solvent loss, while the DSC profile exhibits a peak in endothermic heat flow at
between about 143 and about 145 °C, concurrent with the melting event. The PXRD
pattern of Form II is indistinguishable from that of Form I. While positive identification
has not been made, the TGA profile of Form Il is consistent with the interpretation of
Form II as a solvate.

The third crystalline form of the invention has been identified as a monohydrate.
Form 11 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, 12,742:0.20,
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 20.6320.20.

21



10

15

20

25

30

C301138PN302 520.30 520.2 24 iPr CH3 €311141N502

516.33 516.4 25 iPr CF3 C311138F3N502 570. 30
570.2 26 iPr F C30H33FN502 520. 30 520.2 27 iPr
WO 2006/127815 PCT/US2006/020085

The DSC and TGA profiles of Form I, shown in Figure 6, demonstrate the
material undergoes a step profile weight loss with onset in the temperature range of about
65 to about 75 °C , typically at about 70 °C, and a peak in endothermic heat flow at a
temperature between about 90 and about 100 °C, consistent with loss of the monohydrate
water and subsequent melting. Form III has been further characterized by x-ray
diffraction analysis of crystal structure, providing the following lattice parameters; ynit -~ -
cell is monoclinic with dimensions a=14.8101 A,b=9.9985 A, ¢ =17.9222 A; p =
106.3020 °, space group is P2;/n; calculated density is 1.23 g/cm’. The resulting
molecular structure confirms the chemical composition is that of compound 1 and that the
assymetric unit contains a single water molecule.

The separate crystalline forms of the present invention may be reproducibly
obtained by the following procedures. Crystalline Form I may be prepared by dispersing .
compound 1 in an inert diluent selected from acetonitrile, ether, cyclohexane, and ethyl
acetate in a proportion of between about 15 mg and about 25 mg compound 1 per
milliliter of diluent to form a mixture, and allowing the mixture to evaporate at ambient
temperature, resulting in crystal formation.

Alternatively, Form I may be obtained by a solvent exchange process from crude
compound ] in solution, without first isolating amorphous compound 1, as described in
Example 216 below. Typically the reaction to prepare compound 1 is carried out in a
polar aprotic diluent, such as dichloromethane, in which the compound is highly soluble,
To prepare crystalline Form 1, acetonitrile is added while vacuum distilling the crude
reaction product to remove the dichloromethane. A mixture having between about 1 and
about 200 mg compound 1 per milliliter of acetonitrils, typically between about 50 and
about 125 mg compound 1 per milliliter of acetonitrile, is prepared from the residue
remaining after distillation and heated to a temperature sufficient to dissolve the residue,
for example a temperature of about 75 °C. The mixture is then cooled to a temperature of
no more than about 20 °C to provide crystalline Form I, which is isolated by conventional
procedures, Tn an exemplary process, the mixture is cooled until nucleation occurs,
typically at a temperature of between about 55 and about 65 °C and- held at that
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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To prepare Form 11, amorphous compound 1 is dispersed in hexane at ambient
temperature to a final concentration of about 10 mg/mL and the resulting mixfture is
sonicated. After about 24 hours at ambient temperature, crystalline solids of Form Il are
obtained.

Form I is prepared by dissolving amorphous amorphous compound 1inal:l
ethanol: water solvent mixture at ambient temperature to a final concentration of about
20 mg/mL and sonicating the solution for about 30 seconds. The solution is allowed to
partially evaporate in an uncapped vial. After about 24 hours, crystalline solids of Form

III are obtained.

Pharmaceutical Compositions
The benzimidazole-carboxamide compounds of the invention are typically

administered to a patient in the form of a pharmaceutical composition. Such
pharmacentical compositions may be administered to the patient by any acceptable route
of administration including, but not limited to, oral, rectal, vaginal, nasal, inhaled, topical
(including transdermal) and parenteral modes of administration.

Accordingly, in one of its compositions aspects, the invention is directed to a
pharmaceutical composition comprising a pharmaceutically-acceptable carrier or
excipient and a therapeutically effective amount of a compound of formula (I) or a
pharmaceutically acceptable salt or solvate thereof. Optionally, such pharmaceutical
compositions may contain other therapeutic and/or formulating agents if desired.

The pharmaceutical compositions of the invention typically contain a
therapeutically effective amount of a compound of the present invention or a
pharmaceutically-acceptable salt thereof. Typically, such pharmaceutical compositions.
will contain from about 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 pharmacentical
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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Additionally, the ingredients for such compositions are commercially-available from, fo.
example, Sigma, P.O, Box 14508, St. Louis, MO 63178. By way of further illustration,
conventional formulation techniques are described in Remington: The Science and
Practice of Pharmacy, 20™ Edition, Lippincott Williams & White, Baltimore, Maryland
(2000); and H.C. Ansel et al., Pharmaceutical Dosage Forms and Drug Delivery Systems,
7" Edition, Lippincott Williams & White, Baltimore, Maryland (1999).

Representative examples of materials which can serve as pharmaceutically
acceptable catriers include, but are not limited to, the following: (1) sugars, such as
lactose, glucose and sucrose; (2) starches, such as corn starch and potato starch; (3)
cellulose, such as microcrystalline celtulose, and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4) powdered tragacanih;
(5) malt; (6) gelatin; (7) talc; (8) excipients, such as cocoa butter and suppository waxes;
(9) oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and
soybean oil; (10) glycols, such as propylene glycol; (11) polyols, such as glycerin,
sorbitol, mannitol and polyethylene glycol; (12) esters, such as ethyl oleate and ethyl
laurate; (13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum
hydroxide; (15) alginic acid; (16) pyrogen-frec water; (17) isotonic saline; (18) Ringet's
solution; (19) ethyl alcohol; (20) phosphate buffer solutions; and (21) other non-toxic
compatible substances employed in pharmaceutical compositions.

The pharmacentical compositions of the invention are typically prepared by
thoroughly and intimately mixing or blending a compound of the invention with a
pharmaceutically-acceptable carrier and one or more optional ingredicnts, If necessary or
desired, the resulting uniformly blended mixture can then be shaped or loaded into tablets,
capsules, pills and the like using conventional procedures and equipment.

The pharmaceutical compositions of the invention are preferably packaged in a
unit dosage form. The term "unit dosage form" refers to a physically discrete unit suitable
for dosing a patient, i.e., each unit containing a predetermined quantity of active agent
calculated to produce the desired therapeutic effect either alone or in combination with
one or more additional units. For example, such unit dosage forms may be capsules,
tablets, pills, and the like.

In a preferred embodiment, the pharmaceutical compositions of the invention are
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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powders, granules; or as a solution or a suspension in an aqueous or non-aqueous liquid,
or as an oil-in-water or water-in-oil liquid emulsion; or as an elixir or syrup; and the like;
each containing a predetermined amount of a compound of the present invention as an
active ingredient. -

When intended for oral administration in a solid dosage form (i.e., as capsules,
tablets, pills and the like), the pharmaceutical compositions of the invention will typically
comprise a compound of the present invention as the active ingredient and one or more
pharmaceuticalty-acceptable carriers, such as sodium citrate or dicalcium phosphate.
Optionally or alternatively, such solid dosage forms may also comprise: (1) fillers or
extenders, such as starches, microcrystalline cellulose, lactose, sucrose, glucose, mannitol,
and/or silicic acid; (2) binders, such as carboxymethylcellulose, alginates, gelatin,
polyvinyl pyrrolidone, sucrose and/or acacia; (3) humectants, such as glycerol; (4)
disintegrating agents, such as agar-agar, calcium carbonate, potato or tapioca starch,
alginic acid, certain silicates, and/or sodium carbonate; (5) solution retarding agents, such
as paraffin; (6) absorption accelerators, such as quaternary ammonium compounds; (7)
wetting agents, such as cetyl alcohol and/or glycerol monosfearate; (8) absorbents, such as
kaolin and/or bentonite clay; (9) lubricants, such as talc, calcium stearate, magnesium
stearate, solid polyethylene glycols, sodium lauryl sulfate, and/or mixtures thereof; (10)
coloring agents; and (11) buffering agents.

Release agents, welting agents, coating agents, sweetening, flavoring and
perfuming agents, preservatives and antioxidants can also be present in the
pharmaceutical compositions of the invention. Examples of pharmaceutically-acceptable
antioxidants include: (1) water-soluble antioxidants, such as ascorbic acid, cysteine
hydrochloride, sodium bisulfate, sodium metabisulfate sodivm sulfite and the like; (2) oil-
soluble antioxidants, such as ascorbyl palmitate, butylated hydroxyanisole (BHA),
butylated hydroxytoliene (BHT), lecithin, propyl gallate, alpha-tocopherol, and the like;
and (3) metal-chelating agents, such as citric acid, ethylenediamine tetraacetic acid
(EDTA), sorbitol, tartaric acid, phosphoric acid, and the like. Coating agents for tablets,
capsules, pills and like, include those used for enteric coatings, such as cellulose acetate
phthalate (CAP), polyvinyl acetate phthalate (PVAP), hydroxypropyl methylcellulose
phthalate, methacrylic acid~methacrylic acid ester copolymers, cellulose acetate
trimellitate (CAT), carboxymethyl ethyl cellulose (CMEC), hydroxypropyl methyl

cellulose acetate succinate (HPMCAS), and the like.
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If desired, the pharmaceutical compositions of the present invention may also be
formulated to provide slow or controlled release of the active ingredient using, by way of
example, hydroxypropyl methyl cellulose in varying proportions; or other polymer
matrices, liposomes and/or microspheres.

In addition, the pharmaceutical compositions of the present invention may
optionally contain opacifying agents and may be formulated so that they release the active
ingredient only, or preferentially, in a certain portion of the gastrointestinal tract,
optionally, in a delayed manner, Examples of embedding compositions which can be
used include polymeric substances and waxes. The active ingredient can also be in micro-
encapsulated form, if appropriate, with one or more of the above-described excipients.

Suitable liquid dosage forms for oral administration include, by way of
illustration, pharmaceutically-acceptable emulsions, microemulsions, solutions,
suspensions, syrups and elixirs. Such liquid dosage forms typically comprise the active
ingredient and an inexrt diluent, such as, for example, water or other solvents, solubilizing
agents and emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl
acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, oils (esp.,
cottonseed, groundnut, corn, germ, olive, castor and sesame oils), glycerol, tetrahydrofuryl
alcohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof.
Suspensions, in addition to the active ingredient, may contain suspending agents such as,
for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters,
microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth,
and mixtures thereof.

Altematively, the pharmaceutical compositions of the invention are formulated for
administration by inhalation, Suitable pharmaceutical compositions for administration by
inhalation will typically be in the form of an aerosol or a powder. Such compositions are
generally administered using well-known delivery devices, such as a metered-dose
inhaler, a dry powder inhaler, a nebulizer or a similar delivery device,

When administered by inhalation using a pressurized container, the
pharmaceutical compositions of the invention will typically comprise the active ingredient
and a suitable propellant, such as dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluorosthane, 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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a powder suitable for use in a powder inhaler. Suitable powder bases include, by way of
example, lactose or starch.

The compounds of the invention can also be administered transdermally using
known transdermal delivery systems and excipients. For example, a compound of the
invention can be admixed with permeation enhancers, such as propylene glycol,
polyethylene glycol monolanrate, azacycloalkan-2-ones and the like, and incorporated into
a patch or similar delivery system. Additional excipients including gelling agents,
emulsifiers and buffers, may be used in such transdermal compositions if desired.

The following formulations illustrate representative pharmaceutical compositions

of the present invention:

Formulation Example A

Hard gelatin capsules for oral administration are prepared as follows:

Ingredients Amourit
Compound of the invention 50 mg
Lactose (spray-dried) 200 mg
Magnesium stearate 10 mg

Representative Procedure: The ingredients are thoroughly blended and then loaded

into a hard gelatin capsule (260 mg of composition per capsule).

Formulation Example B
- Hard gelatin capsules for oral adminisiration 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 info a hard gelatin

capsule (200 mg of composition per capsule).
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Formulation Example C

Capsules for oral administration are prepared as follows:

Ingredients Amount
Compound of the invention o 10mg
Polyoxyethylene sorbitan monooleate S0mg
Starch powder 250 mg

Representative Procedure: The ingredients are thoroughly blended and then loaded
into a gelatin capsule (310 mg of composition per capsule).

Formulation Example D

Tablets for oral administration are prepared as follows:

Ingredients Amoumnt

Compound of the invention 5mg

Starch 50 mg

Microcrystalline cellulose 35 mg
Polyvinylpyrrolidone (10 wt. % in water) ' 4mg

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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Formulation Example E
Tablets for oral administration are prepared as follows:

Ingredients Amount
Compound of the invention 25 mg
Microcrystalline celtulose 400 mg
Silicon dioxide fumed 10mg
Stearic acid S5mg

Representative Procedure: The ingredients are thoroughly blended and then

compressed to form tablets (440 mg of composition per tablet).

Formulation. Example F

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 01g
Fumaric acid 05¢g
Sodium chloride 20g
Methyl paraben 015g
Propyl paraben 0.05g
Granulated sugar 255g
Sorbitol (70% solution) 12.85g
Veegum k (Vanderbilt Co.) 1.0g
Flavoring 0.035 mL
Colorings 0.5mg
Distilled water g.s. to 100 mL
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Representative Procedure: The ingredients are mixed to form a suspension

containing 10 mg of active ingredient per 10 mL of suspension.

Formulation Example H

A dry powder for administration by inhalation is prepared as follows:

Ingredients Amount
Compound of the invention 1.0 mg
Lactose 25 mg

Representative Procedure: The active ingredient is micronized and then blended
with lactose. This blended mixture is then loaded into a gelatin inhalation
cartridge. The contents of the cariridge are administered using a powder inhaler.

Formulation Example I
A dry powder for administration by 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
HCL (0.5 N) or NaCH (0.5 N) q.s. topH 4
Water (distilled, sterile) q.s. to 20 mL,

30



10

15

20

23

30

35

CF3 F  C321139E4N302 602.30 602.2 58 tBu O F
C311-139CI FN502 568.28 568.2 59 tBu OCH3 O ---

C32HnCl N303 580. 30 580.2 tBu CN C321- 140N602
W(5)§€]10.6/3;227815541. 4 6l PCT/US2006/020085

Kepresentauve rrocedure: The above ingredients are blended and the pH is

adjusted to 4 £ 0.5 using 0.5 N HC] or 0.5 N NaOH.

Formulation Examnle K

Capsules for oral administration are prepared as follows:

Ingredients Amount

Compound of the Invention 4.05mg
Microcrystalline cellulose (Avicel PH 103) 2592 mg
Magnesium stearate 0.75 mg

Representative Procedure: The ingredients are thoroughly blended and then
loaded into a gelatin capsule (Size #1, White, Opaque) (264 mg of comiposition

per capsule).

Formulation Example T,

Capsules for oral administration are prepared as follows:

Ingredients Amount
Compound of the Invention 8.2 mg
Microcrystalline cellulose (Avicel PH 103) 139.05 mg
Magnesium stearate 0.75 mg

- Representative Procedure: The ingredients are thoroughly blended and then loaded
into a gelatin capsule (Size #1, White, Opaque) (148 mg of compasition 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-HT4 receptor
agonists and therefore are expected to be useful for treating medical conditions mediated
by 5-HT; 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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conditions include, but are not limited to, irritable bowel syndrome (IBS), chronic
constipation, functional dyspepsia, delayed gastric emptying, gastroesophageal reftux
disease (GERD), gastroparesis, post-operative ileus, intestinal pseudo-obstruction, and
drug-induced delayed transit. In addition, it has been suggested that some 5-HT} receptor
agonist compounds may be used in the treatment of central nervous system disorders
including cognitive disorders, behavioral disorders, mood disorders, and disorders of
control of autonomic function.

In particular, the compounds of the invention increase motility of the
gastrointestinal (GI) tract and thus are expected to be useful for treating disorders of the
GI tract cansed by reduced motility in mammals, including humans. Such GI motility
disorders include, by way of illustration, chronic constipation, constipation-predominant
irritable bowel syndrome (C-IBS), diabetic and idiopathic gastroparesis, and functional
dyspepsia.

In one aspect, therefore, the invention provides a method of increasing 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 the invention.

When used to treat disorders of reduced motility of the GI tract or other conditions
mediated by 5-HT receptors, the compounds of the invention will typically be
administered orally in a single daily dose or in multiple doses per day, although other
forms of administration may be used. The amount of active agent administered per dose
or the total amount administered per day will typically be determined by a physician, in
the light of the relevant circumstances, including the condition to be treated, the chosen
route of administration, the actual compound administered and its relative activity, the
age, weight, and response of the individual patient, the severity of the patient's symptoms,
and the like.

Suitable doses for treating disorders of reduced motility of the GI {ract or other
disorders mediated by 5-HT, receptors will 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



10

15

20

25

30

602. 30 602.4 64 tBu CN  (C3217. 40N602 541.32 541.2
65 tBu OCHF2 C321- 141F2N303 582. 32 582.4 66 tBu
C311141N502 516. 33 5162 67 tBu CH3

WO 2006/127815 PCE/US2006/020085

invention will typically be administered orally in a single daily dose or in multiple doses
per day. Preferably, the dose for treating chronic constipation will range from about 0.05
to ghout 70 mg per day.

In another aspect of the invention, the compounds of the invention are nsed to treat
irritable bowel syndrome. When used to treat constipation-predominant irritable bowel
syndrome, the compounds of the invention will typically be administered orally in a single
daily dose or in multiple doses per day. Preferably, the dose for treating constipation-
predominant irritable bowel syndrome will range from about 0.05 to about 70 mg per day.

In another aspect of the invention, the compounds of the invention are used to treat
diabetic gastoparesis. When used to treat diabetic gastroparesis, the compounds of the
invention will typically be administered orally in a single daily dose or in multiple doses. -
per day. Preferably, the dose for treating diabetic gastroparesis will range from about 0.05 - -
to about 70 mg per day.

In yet another aspect of the invention, the compounds of the invention are used to
treat functional dyspepsia. When used to treat functional dyspepsia, the compounds of the
invention will typically be administered orally in a single daily dose or in multiple doses
per day. Preferably, the dose for treating fimctional dyspepsia will range from about 0.05
to about 70 mg per day.

The invention also provides a method of treating a mammal having a disease or
condition associated with 5-FT4 receptor activity, the method comprising administering to
the mammal a therapeutically effective amount of a compound of the invention or of a
pharmaceutical composition comprising a compound of the invention.

As described above, compounds of the invention are 5-HT, receptor agonists. The
invention further provides, therefore, a method of agonizing a 5-HT, receptor in a
mammal, the method comprising administering a compound of the invention to the
mammal. In addition, the compounds of the invention are also useful as research tools for
investigating or studying biological systems or samples having 5-HT; receptors, or for
discovering new 5-HT; receptor agonists. Moreover, since compounds of the invention
exhibit binding selectivity for 5-HT; receptors as compared with binding to receptors of
other 5-HT subtypes, particularly 5-HT; receptors, such compounds are particularly nseful
for studying the effects of selective agonism of 5-HT4 recepiors in a biological system or
sample, Any suitable biological system or sample having 5-H T, receptors may be

employed in such studies which may be conducted either in vitro or in vivo.
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Representative biological systems or samples suitable for such studies inchude, but are 1. .
Iimited to, cells, cellular extracts, plasma membranes, tissue samples, mammals (such as
mice, rats, guinea pigs, rabbits, dogs, pigs, etc.) and the like.

In this aspect of the invention, a biological system or sample comprising a 5-HT,
receptor is contacted with a 5-HT, receptor-agonizing amount of a compoumd of the
invention. The effects of agonizing the 5-HT, receptor are then determined using
conventional procedures and equipment, such as radicligand binding assays and
functional assays. Such functional assays include ligand-mediated changes in intracellular
cyclic adenosine monophosphate (cAMP), ligand-mediated changes in activity of the
enzyme adenylyl cyclase (which synthesizes cAMP), ligand-mediated changes in
incorporation of analogs of guanosine triphosphate (GTP), such as P°SIGTPYS
(guanosine 5-O-(y-thio)triphosphate) or GTP-Eu, into isolated membranes via receptor
catalyzed exchange of GTP analogs for GDP analogs, ligand-mediated changes in free
intracellular calcium ions (measured, for example, with a fluorescence-linked imaging
plate reader or FLIPR® from Molecular Devices, Inc.), and measurement of mitogen
activated protein kinase (MAPK) activation. A compound of the invention may agonize
or increase the activation of 5-HT; receptors in any of the functional assays listed above,
or agsays of a similar nature. A 5-HT4 receptor-agonizing amount of a compound of the
invention will typically range from about 1 nanomolar to about 500 nanomolar.

Additionally, the compounds of the invention can be used as research tools for
discovering new 5-HT, receptor agonists. In this embodiment, 5-HT; receptor binding or
fonctional data for a test compound or a group of test compounds is compared to the
5-HT4 receptor binding or functional data for a compound of the invention to identify test
compounds that have superior binding or functional activity, if any. This aspect of the
invention includes, as separate embodiments, both the generation of comparison data
(using the appropriate assays) and the analysis of the test data to identify test compounds
of interest.

Among other properties, compounds of the invention have been found to be potent
agonists of the 5-HT4 receptor and to exhibit substantial selectivity for the 5-HT, receptor
subtype 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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shown not to exhibit an unacceptable level of inhibition of the potassium ion current in
in vitro voltage-clamp model using isolated whole cells expressing the HERG cardiac
potassium channel. The voltage-clamp assay is an accepted pre-clinical method of
assessing the potential for pharmaceutical agents to change the pattern of cardiac
repolarization, specifically to cause, so-called QT prolongation, which has been
associated with cardiac arrhythmia. (Cavero et al., Opirion on Pharmacotherapy, 2000, 1,
947-73, Fermini et al., Nature Reviews Drug Discovery, 2003, 2, 439-447) Accordingly,
pharmaceutical compositions comprising compounds of the invention are expected to
have an acceptable cardiac profile.

There properties, as well as the utility of the compounds of the invention, can be
demonstrated using various in vitro and in vivo assays well-known to those skilled in the

art.* Representative assays are described in further detail in the following examples.

EXAMPLES
The Ifollowing synthetic and biological examples are offered to illustraie the
invention, and are not fo be construed in any way as limiting the scope of the invention.
In the examples below, the following abbreviations have the following meanings unless

otherwise indicated. Abbreviations not defined below have their generally accepted

meanings.
Boc = tert-butoxycarbonyl
DMSO = dimethyl sulfoxide
MeCN = acetonitrile
TFA = trifluoroacetic acid
Re = retention factor

Reagents and solvents were purchased from commercial suppliers (Aldrich, Fluka,
Sigma, efc.), and used without further purification. Reactions were run under nitrogen
atmosphere, unless note(:’t 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 aund 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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precipriation, In aqarmon, reaction mixtures were routinely purified by preparative HPL _.
a general protocol is described below. Characterization of reaction products was routinely
carried out by mass and "H-NMR spectrometry. For NMR measurement, samples were
dissolved in deuterated solvent (CD3OD, CDCls, or DMSO-dg), and "H-NMR spectra
were acquired with a Varian Gemini 2000 instrument (300 MHz) under standard
observation conditions. . Mass spectrometric identification of compounds was performed
by an electrospray ionization method (ESMS) with an Applied Biosystems (Foster City,
CA) model API 150 EX instrument or an Agilent (Palo Alio, CA) model 1100 LC/MSD
instrument.

Preparation 1: Synthesis of 2-isopropyl-1il-benzeimidazole-4 -carboxylic acid
(piperidin-4-yhmethyl)amide :

a. Preparation of 2,3-diaminobenzoic acid methyl ester

To a nitrogen-saturated solution of 2-amino-3-nitrobenzoic acid methyl ester
(Chess GmbH, 50 g, 0.26 mol) in absolute ethanol (800 mL) was added palladivm
hydroxide (Degussa, 20% w/w on carbon, 58.75% w/w water, 10 g). The slurry was
degassed then shaken vigorously under hydrogen (4 atm) at room temperature for 48 h.
The catalyst was filtered and the filtrate concentrated in vacuo to afford
2,3-diaminobenzoic acid methy! ester as a dark orange oil that solidified on standing
(43 g, 0.26 mol, 100%). (m/2): [M-OCH;]" caled for CgH;oN,0O, 135.05; found 135.3,
'H NMR (300 MHz, DMSO-dg): § (ppm) 3.74 (s, 3H), 4.80 (br s, 1H), 6.20 (br s, 1H),
6.38(t, 1H), 6.70 (d, 1E), 7.06 (d, 1H).
b. Preparation of 2-isopropyl-1H-benzoimidazole-4-carboxylic acid

A slurry of 2,3-diaminobenzoic acid methyl ester (21.5 g, 0.13 mol) and isobutyric
acid (36.2 mL, 0.39 mol) in aqueous hydrochloric acid (4M, 210 mL) was stirred under
reflux for 24 h to afford a homogenous solution. The solution was 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 o 10 °C, and the resultant precipitate filtered off. The solid
cake was transferred to a beaker and acetonitrile (300 mL) was added. The shury 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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caled for Cy HizN,O; caled. 205.09; found 205.3, 'H NMR (300 MHz, DMSO- dg)
S (ppm) 1.27 (d, 6H), 3.39 (m, 1H), 7.29 (, 1H), 7.78 (m, 2H).
c. Prepaation of 4-{[(2-isopropyl-1H-benzoimidazole-4-carbonyl)aminolmethyl}-
piperidine-1-carboxviic acid ferf-butyl ester

To a solution of 2-isopropyl-1H-benzoimidazole-4-carboxylic acid (9.0 g,
44.1 mmol) in anhydrous N, N-dimethylformamide (100 mL) was added 4-aminomethyl--
piperiding-1-carboxylic acid terz-butyl ester (9.4 g, 44.1 mmol), followed by N, N-
diisopropylethylamine (16.9 mL, 97.0 mmol), The solution was stirred for 15 min at room
temperature prior to the addition of hydroxybenzotriazole (5.9 g, 44.1 mmol), N-Eihyl-N-
(3~dimethylaminopropyl)carbodiimide hydrochloride (8.4 g, 44.1 mmol), and additional
N, N-dimethylformamide (50 mL). The reaction mixture was stirred at room temperature
for 16 h, diluted with dichlofomethane (300 mL), and washed sequentially with 1M

aqueous phosphoric acid, 1M aqueous sodium hydroxide and brine, The solution was then

dried over sodium sulfate and concentrated in vacuo to afford a brown oil which solidified
upon addition of hexanes. The solid was filtered to give the title intermediate as a beige
solid (13.8 g, 36.0 mmol, 78%). (m/z): [M+H]" calcd for C3Hz,N40; 401.26; found
401.5; [M-Boc+H]* 301.5. Retention timé (anal. HPLC: 2-90% MeCN/H,O over 6 min) =
3.7 min. "H NMR (300 MHz, DMSO-dg): & (ppm) 1.20 (m, 2H), 1.37 (s, 9H), 1.37 (s,
6H), 1.72 (m, 1H), 1.75 (m, 2H), 2.73 (br s, 2H), 3.22 (septet, lH), 3.36 (m, 2H), 3.95 (m,
2H), 7.26 (t, 1H), 7.63 (d, 1H), 7.79 (d, 1H), 10.11 (t, 1H).

d. Synthesis of 2-isopropyl-

vlmethyl)amide
To a solution of 4-{ [(2-isopropyl-1H-benzoimidazole-4-carbonyl)amine Jmethyl}-

1 A-benzoimidazole-4-carboxyvlic acid

piperidine-1-carboxylic acid ferz-butyl ester (10.8 g, 27.0 mmol) dissolved in
dichloromethane (50 mL) at 0 °C was slowly added trifluoroacetic acid (50 mL) in 5 mL
portions. The solution was allowed to watm to room temperature, stirred for an additional
20 minutes then evaporated in vacuo. Excess trifluoroacetic acid was removed by co-
evaporation with toluene. The residue was then dissolved in a minimal volume of
dichloromethane and slowly added to diethyl ether (1 L) at 0 °C .The resulting 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]" caled for
Ci7H24N4O 301.21; found 301.5. Retention time (anal. HPLC: 2-50% MeCN/ELO over 6
min) = 1.65 min. "H NMR (300 MHz, MeOD-d5): 8 (ppm) 1.59 (d, 6H), 1.60 (m, 1H),
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2.03 (m, 21), 2.04 (m, 15), 3.00 (m, 2H), 3.43 (m, 2EL), 3.45 (m, 2H), 3.63 (septet, 15),
7.63 (, 1ED), 7.90 (d, 1H), 7.96 (d, 1H), 9.04 (t, 1E).

Preparation 2: Synthesis of 2-isopropyl-1H-benzoimidazole-4-carboxylic acid
(1-piperidin-4-yImethylpiperidin-4-ylmethyl)amide

a. Preparation of 4-(4- {[(2-isopropyl-1H-benzoimidazole-4-carbonyl)aminolmethyl}-

iperidin-1-vimethyDpiperidine-1-carboxvlic acid fert-butyl ester- -
To a suspension of 2-isopropyl-1H-benzoimidazole-4-carboxylic acid (piperidin-

4-ylmethyl)amide bis-trifluoroacetate (6.84 g, 12.95 mmol) in dichloromethane (65 mL)

at room temperature under nitrogen was added sequentially N, N-diisopropylethylamine
(1.67 g, 2.25 mL), a solution of 1-(fert-butoxycarbonyl)piperidine-4-carboxaldehyde
(3.16 g, 14.89 mmol) in dichloromethane (5 mL) and sodium triacetoxyborohydride
(3.84 g, 18.13 mmol). The resulting mixture was stirred at room temperature for 1.5 h,
then acidified to pH 1 with 1M aqueous hydrochloric acid. The aqueous layer Waé
removed, and the organic layer extracted with 1M aqueous hydrochloric acid until no
product remained in the organic phase. The combined aqueous layers were washed with
dichloromethane, cooled to 0 °C and basified fo pH 12 with sodium hydroxide pellets.
The solution was then extracted with dichloromethane until no product remained in the
aqueous phase, and the combined organic layers washed with brine, dried over sodium
sulfate, filtered and concentrated to give the desired product as a brown oil (5.4 g,

10.8 mmol, 84 %) which was used without further purification, (m/z): [M+H]" caled for
CasH43N505 498.35; found 498.5.

b.Synithesis of 2-isopropyl- 1 H-benzoimidazole-4-carboxylic acid (1-piperidin-4-
ylmethylpiperidin-4-yimethyl)amide

The product of the previous step (5.4 g, 10.8 mmol) was dissolved in
dichloromethane (40 mL) and cooled to 0 °C. Trifluoroacetic acid (30 mL) was added,

and the solution was stirred at 0 °C for a further 0.5 h. The mixiure was then concentrated

and co-evaporated twice with dichloromethane in vacuo. The resulting residue was
dissolved in dichloromethane (20 mL), cooled to O °C and basified with 20% w/w
aquec')us sodivm hydroxide (50 mL). The solution was allowed to warm to room
temperature over 10 minutes, then filtered, The solid was rinsed with acetoniirile 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 CpsHisNsO 398.29; found 398.4.
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Preparation 3: Synthesis of 2-zeri-butyl-1H-benzoimidazole-4-carboxylic acid

(1-piperidin-4-ylmethylpiperidin-4-ylmethyl)amide

a. Preparation of 2-amino-3-(2.2-dimethylpropionylamino)benzoic acid methyl ester

To a solution of 2,3-diaminobenzoic acid methy! ester (2.3 g, 13.8 mmol) in
pyridine (40 mL) at room temperature was added 2,2-dimethylpropionyl chloride (1.7 g,
14.0 mmol)... The solution.was stirred at for.16.h, evaporated, and-the residue partitioned : :
between ethyl acetate (100'mL) and 1M aqueous hydrochloric acid (100 mL). The organic
phase was separated, washed with 1M aqueous hydrochloric acid (100 mL), dried over
sodium sulfate and evaporated to afford the title compound as a dark oil (2.7 g,

10.8 mmol, 78 %) which was used without further purification. (m/z): [M-HH]" caled for
Ci3H1sN205 251.14; found 250.8

b. Preparation of 2-tert-butyl- LH-benzoimidazole-4-carboxylic acid

A slurry of the product of the previous step (2.7 g, 10.8 mmol) in 4M aqueous
hydrochloric acid (100 mL) was stirred under reflux for 24 h to afford a homogenous
solution. The solvent was evaporated to afford the hydrochloride salt of the title
intermediate as a brick-red solid (2.5 g, 9.8 mmol, 91 %). (m/%): [M+H]" calcd for
C12H14Nz0; 219.12; found 219.3. "H NMR (300 MHz, DMSO-dy): § (ppm) 1.45 (d, 9H),
3.39 (m, 1), 7.91 {4, 1H), 7.95 (d, 1H).

¢. Preparation of 4-{[(2-tert-butyl -1H-benzoimidazole-4-carbonyl)amino jmethyl}-
piperidine-1-carboxylic acid zer¢-butyl ester

To a solution of 2-fert-butyl-1 H-benzoimidazole-4-carboxylic acid hydrochloride
(1.11 g, 4.37 nmmol) in arthydrous N, N-dimethylformamide (5 mL) was added 1,1'-
carbonyldiimidazole (0.77g, 4.75 mmol). The solution was stirred at 50°C for 2 h, then
4-aminomethyl-piperidine- 1-carboxylic acid ters-butyl ester (0.94 g, 4.39 mmol) was
added, followed by 1,4-diazabicyclo[2,2,2]octane (1.46 g, 13 mmol). The solution was
stirred at 50°C for 16 I, allowed to cool and diluted with water (20 mL) and etIiyl acetate
(60 mL). The aqueous layer was removed, the organic layer washed with water 20 mL),
dried over sodium sulfate and concentrated in vacuo to afford the title intermediate
(1.32 g, 3.18 mmol, 73 %) which was used without firther purification. (m/z): [M+H]"
calcd for CpsHsNyOs 415.27; found 4155,
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16 1A Barmoimidazole-4-carboxylic acid (piperidin-4-

" JimethyDamide
4-{[(2-tert-Butyl-1 H-benzoimidazole-4-carb onyl)aminolmethyl}-piperidine-1-

carboxylic acid fert-butyl ester (13.5 g, 32.6 mmol) was dissolved in 4N HCl in dioxane
(200 mL) and stirred at room temperature for 0.5 h. The resulting solid was filtered to
afford the bis hydrochloride salt-of the title intermediate (11.3.g,.29.3.mmol, 89 %). .. . ..
(m/z): [MHH] caled for CigHeN4O 315.22; found 315.3. "H NMR (300 MHz , D0 +
MeOD-ds): 1.54 (s, 8H), 1.96 (m, 4H), 2.91 (m, 4H), 3.31 (br 5, 1H), 3.45 (d, 2H), 7.56 (t,
1H), 7.89-7.92 (m, 2H)
¢. Preparation of 4-(4- {[(2-tert-buiyl-1H-benzoimidazole-4-carbonyl)aminolmethyl} -

piperidin-1-ylmethyl)piperidine-1-carboxylic acid tert-butyl ester

To a suspension of the bis HCI salt of 2-fert-butyl- 1 H-benzoimidazole-4-

carboxylic acid (piperidin-4-ylmethyl)amide (4.28 g, 11.06 mmol) in dichloromethane
(55 mL) at room temperature was added N,N-diisopropylethylamine (1.71g, 2.31 ml),
1-(tert-butoxycarbonyl)piperidine-4-carboxaldehyde (2.58 g, 12.17 mmol) and sodium
triacetoxyborohydride (3.28 g,15.48 mmol) sequentially. The resulting mixture was

stirred at room temperature for 2 h then extracted with IM aqueous hydrochloric acid.
The combined aqueous layers were basified to pH 12 with sodium hydroxide pellets, then
extracted with dichloromethane. The combined organic layers were dried over sodium
sulfate, filtered and evaporated. The resulting residue was dried under high vacuum to
give a light brownish foam (4.9 g, 9.6 mmol, 87 %) which was used without further
purification. (m/z): [M+H]" caled for CaeHasNsO3 512.35, found: 5124,

f, Synthesis of 2-teri-butyl-1H-benzoimidazole-4-carboxylic acid (1-piperidin-4-

yimethylpipetidin-4-ylmethyl)amide
Crude 4-(4- {[(2-tert-butyl-1 H-benzoimidazole-4-carbonyl)aminomethyl} -

piperidin-1-ylmethyl)piperidine-1-carboxylic acid ferz-butyl ester, prepared as in the
previous step (5.1 g, 10 mmol) was treated with a mixture of irifluoroacetic acid (40 mL)
and dichloromethane (40 mL) at room temperature for 0.5 h. The mixture was
concentrated in vacuo, redissolved in dichloromethane (25 mL) and basified with 1M
aqueous sodium hydroxide (15 mL). The organic layer was removed, and the aqueous
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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Preparation 4. Synthesis of 4-(4-aminomethylpiperidin-1-yhmethyl)-
piperidine-1-carboxylic acid methyl ester

a._Preparation of 4-[4-(tert-butoxyearbonylamino-methyl)piperidin-1-ylmethyl]-
piperidine-1-carhoxylic deid methyl ester

To a solution of 4-fert-butoxycarbonylaminomethylpiperidine (3.62 g, 16.9 mmol}
in dichloromethane (100 mL) was added 4-formylpiperidine-1-carboxylic acid methyl ‘
ester (2.89 g, 16.9 mmol) and acetic acid (0.9‘6 mL). The mixture was stirred at room
temperature for 10 min prior to the addition of sodium triacetoxyborohydride (54g,

25.5 mmol). The final mixture was stirred at room temperature for 1 h. The reaction was
terminated by adding saturated sodium bicarbonate solution (50 mL). The mixture was
extracted with dichloromethane (100 mL), and the organic layer was dried over MgSOa.
Evaporation of the organic solution afforded a pale yellow oily residue. It was purified by
flash silica column chromatography (CH,Cl to 5% MeOH/CH,Cl,), yielding the title
intermediate (4.4 g). (m/z): [M+H]" caled for C1H3sN;0; 370.27; found 370.5.
b. Synthesis of 4-(4-aminomethylpiperidin-1-yimethyi)-piperidine-1-carhoxylic acid
methyl ester
To a solution of 4-[4-(fert-butoxycarbonylamino-methyl)piperidin-1-yimethyl]-

piperidine-1-carboxylic acid methyl ester (4.4 g, 10.8 mmol} in dichloromethane (20 mL)
was added trifluoroacetic acid (20 mL). After stirring for 20 min at room temperature, the
solution was evaporated in vacuo, yiclding the bis-trifluoroacetate salt of the title
compound as a pale yellow oil, which was used without further treatment. (m/z): [M+H]"
caled for Cy4H27N30; 270.22; found 270.5. "H-NMR (CD3;0D) & (ppm) 4.0 (br d, 2F), 3.6
(m, 5H), 2.9-2.7 (m, 6H), 2.1-1.9 (m, 2H), 1.7-1.5 (m, 6H), 1.2-1.0 (m, 4H).

Example 1: Synthesis of 4-(4-{[(2-isopropyl-1 H-benzoimidazole-4-carbonyl)-

amino]methyl}piperidin-1-ylmethyl)piperidine-1-carboxylic acid methyl ester

To a suspension of 2-isopropyl-1H-benzoimidazole-4-carboxylic 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 plL, 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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revEiraphpiseHRDC [RadiRga! RF16-25% (5-10% over 10min; 10-25% over 50 min);

flow tate 15 mL/min; detection at 280 nm] to afford the bis trifluoroacetate salt of the title
compound as a white solid (3.5 g, 5.1 mmol, 70 %). {m/z): [M+H]" calcd for CasFH37N505
456.30; found 456.3. Retention time (anal. HPLC: 2-50% MeCN/H,O over 6 min) = 3.06
min.,

Example 2: Synthesis of 4-(4-{[(2-isopropyl-1H-benzoimidazole-4-carbonyl)-

amino]-methyl} piperidin-1-ylmethyl)piperidine-1-carboxylic acid phenyl
ester

To a solution of 2-isopropyl-1H-benzoimidazole-4-carboxylic acid (1-piperidin-4-
yimethylpiperidin-4-ylmethyl)amide (0.22 g, 0.55 mmol) and N, N-diisopropylethylamine
(0.19 mL) in dichloromethane (5.0 mL) was added pbenyl chloroformate (70 uL). The
mixture was stirred at room temperature for 10 min, then concentrated in vacuo and
purified via preparative reverse phase HPLC to afford the bis trifluoroacetate salt of the
title compound as a white solid (98.4 mg, 0.13 mmol, 24 %). (m/z): IM+H]" caled for
Csol30N;s05 518.32; found 518.6. 'H NMR (300MHz , MeOD-d5): & (ppm) 1.14-1.28
(m, 2H), 1.39-1.53 (m, 6H), 1.52-1.62 (m, 2H), 1.70-1.78 (m, 2H), 1.92-2.06 (m, 4H),
2.82-2.97 (m, 6H), 3.32-3.38 (m, 2H), 3.43-3.50 (m, 1H), 3.52-3.69 (m, 2, 4.04-4.12
(tm, 1H), 4.18-4.26 (m, 15), 6.91-6.98 (m, 1H), 7.08-7.13 (m, 1H), 7.21-7.28 (m, 1H),
7.45-7.50 (m, 1H), 7.73-7.77 (m, 1H), 7.81-7.87 (m, 1H), 9.02-9.32 (brs, 1H).

Example 3: Synthesis of 2-isopropyl-1H-benzoimidazole-4-carboxylic acid {I-

[1-(2-chlorobenzoyl) piperidin-4-ylmethyl] piperidin-4-ylmethyl}amide

To a suspension of 2-isopropyl-17-benzoimidazole-4-carboxylic acid
(1-piperidin-4-yimethylpiperidin-4-ylmethyl)amide (2.1 g, 5.29 mmol) in tetrahydrofuran
(26 mL) at room temperature was added N, N-diisopropylethylamine (2.05 g,

15.87 mmol), dichloromethane (12 mL) and N,N-dimethylformamide (5 mL). To the
resulting suspension was slowly added o-chlorobenzoyl chloride (1.02 g, 5.82 mmol), and
the reaction mixture was stitred for 0.5 h at room temperature. The sotution was
concentrated in vacuo, the resulting residue diluted with acetic acid (7.5 mL) and water
(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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(m/z): [MHH]" caled for CsoHzsCIN5O5) 536.28; found 536.3. *"H NMR (300 MHz,
DMSO- dg): 0.90 (br m, 2H), 1.24 (d, 6H), 1.45 (br m, 2H), 1.68 (br m, 8H), 1.96 (m,
1), 2.72 (br m, SH), 3.08 (m, 2H), (3.20, m, 3H), 4.40 (br m, 1H), 7.14 (t, 1H), 7.28 (m,
2H), 7.39 (m, 1H), 7.49 (dd, 1H), 7.66 (dd, 1),

Examples 4-6
Using processes similar to that of Example 3, except replacing the -
o-chlorobenzoyl chloride with the appropriate chloride reagent, the compounds of

Examples 4-6 were prepared.

Example 4 2-isopropyl-1H-benzoimidazole-4-carboxylic acid {1-[1-(2,4-difluoro-
benzoyl)piperidin-4-ylmethyl]piperidin-4-ylmethyl} amide; (m/z): [M+H]"
caled for CsoHz7FaN505, 538.30; found 538.2. Retention time (anal. HPLC:
2-60% MeCN/H,0 over 4 min) = 2.12 min. 'H NMR (300 MHz, DMSO-
dg): 0.92 (m, 21T), 1.30 (m, 21), 1.38 (d, 6H), 1.53 (m, 2H), 1.60-1.90 (m,
6H), 2.07 (d, 2H), 2.73-2.85 (br m, 3H), 3.05 (t, 1H), 3.22 (septet, 1H), 3.38
{br m, 3H), 4.44 (br d, 1H), 7.10-7.50 (m, 4H), 7.62 (d, 1H), 7.77 (d, 1H),
10.10 (br s, 1H).

Example 5 2-isopropyl-1H-benzoimidazole-4-carboxylic acid {1-[1-(furan-2-carbonyl)-
pipetidin-4-ylmethyl]piperidin-4-yhmethyl}amide; (m/z): [M+H]" caled for
CasH37Ns03 492.30; found 492.2. Retention time (anal. HPLC: 2-65%
MeCN/H;O over 4 min) = 1.68 min.

Example 6 2-isopropyl-1H-benzoimidazole-4-carboxylic acid {1-[1-(thiophene-2-
carbonyl)piperidin-4-ylmethyl]piperidin-4-ylmethyl}amide; (m/z): [M+H]"
caled for CogH37N50,S 508.28; found 508.2. Retention time (anal. HPLC: 2-
65% MeCN/Hz0 over 4 min) = 1.94 min.
Example 7: Synthesis of 2-isopropyl-1H-benzoimidazole-4-carboxylic acid {1-

[1-(2-fluoro-5-trifiworomethylbenzoylpiperidin-4-ylmethyljpiperidin-4-
ylmethyl}amide

To a solution of 2-fluoro-5-trifluoromethyl benzoic acid (100 mg, 0.48 romol} in
dimethylformamide (4 mL) at room temperature was added O-(7-azabenzotriazol-1-yl)-
N,NN',N'-tetramethyluronium hexafiuorophosphate (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-piperidin-4-ylmethylpiperidin-4-ylmethyl)amide (210 mg, 0.48 mmol)
and N, N-diisopropylethylamine (0.184 mL, 0.96 mmol) were added and stirring continued
for a further 0.5 h. The solution was evaporated in vacuo and the crude product purified
by reverse phase HPLC [gradient of 5-10-25% (5-10% over 10 min; 10-25% over 50
min); flow rate 15 mL/min; detection at 280 nm] to afford the bis trifluoroacetate salt of
the title compound as a white solid (70 mg, 0.09 mmol, 18 %)." (m/z): [M+H]" caled for -
C31H37F N0, 588.30; found 588.2. Retention time (anal. HPLC: 2-60% MeCN/H0
over 4 min) = 2.39 min,

Example 8: Synthesis of 2-isopropyl-1H-benzoimidazole-4-carboxylic acid {1-

[1-(2-flaoro-phenylicarbamoyl)piperidin-4-ylmethylipiperidin-4-ylmethyl}-
amide

2-Isopropyl-1H-benzoimidazole-4-carboxylic acid (1-piperidin-4-
ylmeghylpiperidin-4-ylmethyl)amide (220 mg, 0.55 mmol) was dissolved in N,N-
dimethylformamide (2.0 L) at room temperature. To this solution was added N, N- -
diisopropylethylamine (143.2 mg, 1.1 mmol) followed by o-fluorophenylisocyanate
(75.4 mg, 0,55 mmol). The resulting mixture was stirred at room temperature overnight,
concentrated in vacuo and the residue purified by preparative reverse-phase HPLC to
afford the bis triflucroacetate salt of the title compound as a white solid (92.6 mg,
0.12 mmol, 22 %). (m/z): [M+H]" caled for CsoHasFNsO, 535.32; found 535.2.
Retention time (anal. HPLC: 2-65% MeCN/H,O over 4 min) = 2.09 min.

Example 9: Synthesis of 2-isopropyl-1H-benzoimidazole-4-carboxylic acid [1-

(1-methanesulfonylpiperidin-4-ylmethyDpiperidin-4-ylmethyl]amide

2-Isopropyl-1H-benzoimidazole-4-carboxylic acid (1-piperidin-4-
ylmethylpiperidin-4-ylmethyl)amide (40 mg, 0.1 mmotl) was dissolved in N,N-
dimethylformamide (1.0 mL) at room temperature. To this solution was added N,N-
diisopropylethylamine (0.175 mL, 1 mmol) followed by methanesulfonyl chloride
{11.5 mg, 0.1 mmol). The mixture was stirred at room temperature for 16 h, then
concentrated in vacuo and the residue purified by preparative reverse-phase HPLC to
afford the bis trifluoroacetate salt of the title comypound as a white solid {27.2 mg,
0.04 mmol, 40 %). (m/z): [M+H]"* caled for CoqH37Ns058 476.27; found 476.2.
Retention time (anal, HPLC: 2-65% MeCN/H;0 over 4 min) = 1.66 min.
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Example 1u: yynaesis of 4-(4-{[(2-fer-butyl-1H-benzoimidazole-4-carbony]
amino]-methylipiperidin-1-ylmethyDpiperidine-1-carboxylic acid methyl
ester

To the crude product of Preparation 3 (2.4 g, 5.8 mmol) in dichloromethane
(29 mL) at room temperature was added N, N-diisopropylethylamine (1.5 g, 11.6 mmol),
The resulting mixturs was cooled to 0 °C and methyl chloroformate (660 mg, 6.98 mmol)
was added dropwise. The reaction was allowed to warm to room temperature and stirred
for a further 10 min. The solution was concentrated, re-dissolved in 50 % acetic acid in
water, filtered and purified by reversed phase preparative HPLC, The resulting solid was
dissolved in dichloromethane and washed with 1M aqueous sodium hydroxide., The
aqueous layer was extracted twice with dichloromethzne, and the combined organic layers -
washed with brine, dried over sodium sulfate, filtered and concentrated to give the title
compound as a white foam (1.3 g, 2.8 mimol, 48 %). (m/z): [M+H]"* calcd for CagHasNsOs
470.32, found 470.6. "H NMR (300 MHz , MeOD-ds): & (ppm) 1.02-1.16 (m, 2H), 1.49
(s, 9H), 1.47-1.7 (m, 4H), 1.82-2.03 (m, 4H), 2.74-2.94 (m, 6H), 3.31-3.40 (m, 21,
3.54-3.58 (m, 2H), 3.56 (s, 3H), 3.98-4.03 (r, 2H), 7.41-7.46 (m, 1H), 7.71-7.74 (m, 1H),
7.79-7.82 (m, 1H), 9.35 (brs, 1H).

Examples 11-13
Using processes similar to that of Example 10, except replacing the methyl
chloroformate with the appropriate chloride reagent, the compounds of Examples 11-13

were prepared.

Exataple 11 2-tert-butyl-1H-benzoimidazole-4-carboxylic acid {1-[1-2-fluoro-benzoyl)-
pipetidin-4-yimethylJpiperidin-4-ylmethyl} amide; (m/): [M+H]" calcd for
C31HgoFN50; 534.33; found 534.4. Retention time (anal. HPLC: 2-65%
MeCN/H,0 over 4 min) = 2.09 min.

Example 12 2-tert-butyl-1H-benzoimidazole-4-carboxylic acid {1-[1-(3-methyl-benzoyl)-
piperidin-4-ylmethyl]piperidin-4-ylmethyl}amide; (m/z): [M-+H]" caled for
CazH43N50; 530.35; found 530.42. Retention time (anal. HPLC: 2-65%
MeCN/H;0 over 4 min) = 2,22,

Example 13 2-tert-butyl-1H-benzoimidazole-4-carboxylic acid {1-[1-(4-fluorobenzoyl)-
piperidin-4-ylmethyllpiperidin-4-ylmethyi} amide; (m/z): [M+H]" caled for
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C31H40FN50; 534.33; found 534.4. Retention time (anal. HPLC: 2-65%
MeCN/H,0 over 4 min) = 2.17.
Example 14. Synthesis of 4-[4-({[2-(1-hydroxy-1-methylethyl)-1H-

benzoimidazole-4-carbonyl]amino}methyDpiperidin-1-ylmethylipiperidine-1-
carboxylic acid methyl ester

-1-methylethvD)-1 H-benzoimidazole-4-carboxvlic acid -+ . -

To a selution of 2,3-diaminobenzoic acid methyl ester (1.5 g, 9.2 mmol) in
4 M HCI (50 mL) was added 2-hydroxyisobutyric acid (2.87 g, 27.6 mmol). The mixture
was stirred at ~90°C for 24 h. Tt was neutralized by use of aqueous sodium hydroxide
solution to pH~3, and concentrated to dryness. The residue was suspended in methanol,
and filtered through a filter paper. The filtrate was concentrated and the residue was
rinsed with ether. The remaining solid residue was dissolved in ethyl acetate, and washed .
with:brine solution, After drying over MgSOj, the organic solution was evaporated in
vacuo, yielding the title intermediate as a pale yellow oil (~800 mg). The crude product
was used in the next step without further purification. (m/z); [M+H]" caled for
C11H12N,05 221.09; found 221.1. '"H-NMR (CD0OD) 8 (ppm) 7.8 (dd, 1H), 7.7 (dd, 1H),
7.2 {m, 1H), 1.3 (s, 6H).

b. Synthesis of 4-[4-({[2-(1-hydroxv-1-methvlethyl)-1H-benzoimidazole-4-
carbonyl]aminomethyDpiperidin-1-ylmethvllpiperidine-1-carboxvlic acid methyl ester

To a solution of the benzoimidazole carboxylic acid product of the previous step
(0.7 g, 3.18 mmwol), the aminomethylpiperidine product of Preparation 4 as the bis-TFA
salt (1.2 g, 3.13 mmol), and hydroxybenzotriazole (HOBt) (0.43 g, 3.18 mmol) in
dimethylformamide (50 mL) was added friethylamine (1.3 mL, 9.3 mmol) and N-Ethyl-N'-
(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC) (0.67 g, 3.5 mmol). The
mixture was stirred at room temperature for 12 h, and concentrated to dryness in vacuo.
The residue was partitioned between dichloromethane (150 mL) and saturated sodium
bicarbonate. The organic layer was dried over MgSQj, and evaporated to dryness, yielding
a pale yellow oily residue. It was purified by preparative HPLC to provide the
bis-triflucroacetate salt of the title compound. (m/z): [M-+H]" calcd for CysHs7NsOy
472.29; found 472.5. Retention time (anal. FIPLC: 5-30% MeCN/H;O over 6 min) = 3,67
min. "H-NMR (CD:0D) § (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, 5H), 2.05-1.9 (br d, 3H), 1.68 (i, 6H), 1.15 (m, 4H).

46



10

15

20

25

30

124 tBu OCHF2 C321142F2N603 597. 33 597.4 125 thu

F - C311L41FN602 549. 33 549.2 126 tBu
C311142N602 531.34 531.4 127 tBu CH3 CH3
woahihaRd 602 559. 37 PCT/US2006/020085

Example 15. Synthesis of 4-[4-({[2-(2-hydroxy-1-methylethyl)-LH-
benzeimidazole-4-carbonyl}amino}methyl)-piperidin-1-ylmethyl]piperidine-
1-carboxylic acid methyl ester

To a solution of 2,3-diaminobenzoic acid methyl ester (2.1 g, 14.1mmol) in
4 M HCI (90 mL) was added 2-methyl-3-hydroxypropionic acid methyl ester (5 g, - -
42.3 mmol). The mixture was stirred at ~90°C for 24 b, It was neutralized by uge of -
aqueous sodium hydroxide solution to pH~3, and concentrated to dryness, The residue

- was suspended in methanol, and filtered through a filter paper. After the filtrate was

concentrated, the remaining solid residue was dissolved in water and washed with ethyl
acetate. The aqueous solution was evaporated in vacuo yielding the title intermediate as a
pale yellow oil (~800 mg). The crude product was used in the next step without further
purification. (m/z): {M+H]+ calcd for CyHaN204 221.09; found 221.3. 'H-NMR.
(CD;0D) 8 (ppm) 8.1 (d, 1H), 7.9 (m, 1H), 7.6 (t, 1H), 3.8 (im, 2H), 3.6 (m, 1H), 1.4 (d,
3H).

b. Synthesis of 4-[4-({[2-(2-hydroxy-1-methvlethyl)- LH-benzoimidazole-4-
carbonyljamino}methyl)piperidin-1-yimethyl]piperidine-1-carboxylic acid methyl ester

To a solution of the benzoimidazole carboxylic acid produof of the previous step
(0.45 g, 1.75 mmol), the aminomethylpiperidine product of Preparation 4 as the bis-
trifluoroacetate salt (0.8 g, 1.6 mmol), and HOBt (0.237 g, 1.75 mmol) in
dimethylformamide (50 mL) was added triethylamine (0.98 ml,, 7.0 mmol} and EDC
(0.35_3 g, 1.84 mmol). The mixture was stirred at room temperature for 12 h, and
concentrated to dryness under reduced pressure, The residue was partitioned between
dichloromethane (150 mL) and saturated sodium bicarbonate. The organic layer was dried
over MgSQO;, and evaporated to dryness, yielding pale yellow oily residue. It was purified
by preparative HPLC, vielding the bis-triflucroacetaie salt of the title compound (0.2 g).
{m/z): [M+H]" caled for Ca5H37N;504 472.29; found 472.5. Retention time (anal. HPLC:
10-40% MeCN/H;0 over 6 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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Additional Compounds of the Invention

Using .the procedures of Examples 1-13 and variations thereof, the compounds of
Tables I to IX were prepared and characterized by mass spectrometry. In the following
tables, blark entries denote hydrogen.

Table I
O O
2
N/\C] \/OJ\O,R
H N
/N
HN
~(R1
Example | R! R® Molecular [MHRT [M+H]"
No. Formula caled found
16 iPr -CHz-phenyl C31H41N503 532.32 532.2
17 iPr iPr . C27H41N503 484.32 484.2
18 |tBu | phenyl CaHiNsO; | 532.32 532.2
19 tBu -CHy-phenyl | CsHysNsO3 | 546.34 546.4
20 iBu iPr CosHsNsOs | 498.34 498.4
Table I
O 0 R*®

HN
R1
Bxample |R' |R™ R R* R¥* |R*® | Molecular [IM+H]" | [IM+BT
No. Formula calcd found
21 Bu (Cl CyHyCIN:O, | 55029 | 550.6
22 iPr CaoH2oNsO, 502.31 502.4
23 iPr |F CsoHaeFNsO, | 520.30 520.2
24 iPr | CH, Cs HuN:O, 516.33 516.4
25 iPr | CF; CyHagF N0, | 570.30 570.2
26 iPr F CaoH3sFN:O; | 520.30 520.2
27 iPr CH; Ca N0, 516.33 516.4
28 iPr CF, CyHyFsN;0, | 570.30 570.2
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Fxample |R' JR™ R® [Rr™® R¥ [RrR*® | Molecular M+ETT | M

No. Formula caled found
29 iPr Cl CaotCIN;O, | 536.27 536.2
30 iPr CF; CaiHyeFsN:0, | 570.30 570.2
31 iPr CH, CatHyNsO, 516.33 516.4
32 iPr Cl CaoHzCINSO, | 536,27 536.2
33 iPr OCH, CarHyN5Os 532.32 5322
34 iPr F CaoHusFN;O, | 52030 | 520.2
35 |iPr | F F | CoHuFaN;0; | 538.29 | 5382
36 iPr |F F CapHy7FoN:;O; | 538.29 538.2
37 iPr F F CuoHuFoN;0, | 538.29 538.2
38 iPr |F R Caolls7F N0, | 538.29 538.2
39 [iPr F F CaoHgFoN;0, | 538.29 538.2
40 iPr |F ci CaoHaCIFN;O, | 554.26 554.4
4] iPr CF; CF, Carll;EN:;0, | 63829 638.2
42 iPr |Cl F CaoHy,CIFN:O, | 55426 | 554.2
43 iPr Cl Cl CaoHyCLN:O, | 570.23 570.2
44 iPr OCF, CaHagFsN:O; | 586.29 5862
45 iPr CF, |[F ColsFN:O, |588.29 | 5882
46 iPr Cl F CaoHyCIFNO, | 554.26 | 554.2
47 iPr | OCH, Cl CaHoCINSO; | 566.28 566.2
48 irr [CN Ci1FlssNO; 527.31 5272
49 iPr | Cl 1t CaoHaClLN5O, | 570.23 570.2
50 iPr F CF; CyHs7FN:O, | 588.29 588.2
51 iPr CN CatHasNGO, 52731 527.2
52 |ifr OCHF, CoiHaoFoNO; | 568.30 | 568.8
53 tBu | Cl F CaiFlsCIFNO, | 568.28 568.2
54 | Bu Ci Cl C3H3oClaN;0; | 584.25 584.2
55 tBu CN CaHLiNOz 541.32 541.4
56 tBu OCF, CaHygFsN;0s | 600.31 600.2
57 tBu CF, F CaHaoF4N;0, | 602.30 602.2
58 tBu Cl F CaHCIFNSO, | 568.28 568.2
59 tBu | OCH, Cl CaHoCIN;Os | 580.30 580.2
60 fBu | CN CaFlioNsO2 541.32 5414
61 tBu | Cl Cl CyiHoCLN:O, | 584.25 584.2
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Example |R' [R™® R R R [ R*® | Molecular [M+H]" | [M+HT
No. Formmula caled found

62 tBu F CF, Col N0, | 60230 602.2
63 Bu |F CF, CarHaoFN50; | 60230 602.4
64 tBu CN CsHaoNgO, 54132 | 5412
65 tBu OCHF, CiHaFN.O; | 58232 | 5824 .
66 Bu CaHyNsO, 516.33 516.2
67 tBu | CHs CaHaN:0, 530.34 530.4
68 tBu | CF, CatLioFsNsO, | 584.31 584.4
69 tBu F CaHFN,O, | 534.32 534.2
70 tBu CFs CaHyFaNsO, | 584.31 584.4
71 tBu Cl CarHoCINSO, | 550.29 550.2-
72 tBu CF;, CaHaoFsN;O, - | 584.31 584.4
73 tBu CH, CaHyN50, 530.34 530.4
74 tBu cl CalLCIN;O, | 550.29 550.2
75 tBu OCH; CaablisNsCs 546.34 546.4
76 tBu |F F CaHaF,N;0; | 552.31 552.4
77 tBu F CaHpFaN;0; | 552.31 552.2
78 tBu F CoHasFaNs0, | 552.31 5522
79 iBu |F Cy Ha,Ns;0, | 552.31 5524
80 tBu i CyHyFN:O, | 552.31 552.4
81 tBu G CaHyFoN;O, | 55231 552.2
82 tBu | F Cl Cs,H:sCIFN,O, | 568.28 568.2
.83 tBu CF, CF, Cs:lyFN:O, | 652.30 6522
. 84 iPr | OCF, CoHyFaN:Os | 58620 | 5862
85 iPr OCF; CaHagFsNs0; | 586.29 586.2
86 tBu | OCF, CyHFsN;O; | 600.31 600.2
87 tBu OCF; CiHoFsN:0; | 600.31 600.2
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Table I
i X
3
HN-4 d
N
Example | R! R’ Molecular Formula | [ME]" M+HE]
No. caled found
88 iPr N(CHz), CogHagN0s 469,32 469.4
89 iPr morpholin-1-y] CogHpNgOs 511.33 [ 5114
S0 iPr CH, CasHiy 7 N50, 440.30 4402
91 iPr tetrahydrofuran-2-yl CosHy N5 496,32 496.4
92 | iPr -CH,-thiophen-3-31 CoollsaN;0,8 522.28 5222
93 iPr 2,2-dimethylpropyl CooHysNs05 496.36 496.4
94 iPr ~CHy-thiophen-2-y1 CogHaglN:0,8 522.28 5222
95 iPr cyclohexyl CiplLysN:0O; 508.36 5084
96 iPr (8)-1-methylpropyl CoallysNs O, 482.34 482 .4
97 iPr ~CHp-naphth-1-yi CysH:N0, 566.34 566.4
98 iPr cyclopentyl CaoHgsN: 0, 508.36 5084
9% |ipr (R)tetrahydrofarandyl | CorHyNeOs 49632 496.4
100 tBu furan-2-vi CooHsoN504 50631 506.2
101 iBu -CH:-thiophen-3-y1 CapHyyN:0,8 536.30 536.2
102 tBu 2,2-dimethylpropyl C5pHysNsO, 510.37 510.4
103 Bu -CH;-thiophen-2-v1 CapHy N;0,8 336.30 536.2
104 tB}t (5)-1-methylpropyl CrgH45N50, 496,36 496.4
105 | 1Bu -CH,-naphth-1-yl CigHysN:0, 58036 5804
106 Bu (R)-tetrahydrofuran-2-yi C29H43N503 510.34 510.4
107 | ®a S 4-oxo-azetidindyl | CosHieNeO; 50932 510.4
08 [Bu | pyndinzl CoHaNO, 53134 5312
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Rﬁb
RSa RSc
0 Q
N NJ\N R
H N H RYe
N

N
Example [R' |R®™ |[R® |R™® R | R*® | Molecular IMHH]" | [M+H]"
No. Formula caled found
109 [iPr | CH, CaHipNsO, | 53134 | 5314
110 |iPr F CsoHaFNsO, | 53531 [ 535.2
111 |iPr | CF, C3iHyoFaNO, | 58531 | 585.2
112 |iPr | OCF; CatHaolaNeOs | 601,30 | 601.2
13 [#r | OCHT, CoFlaF5NG0, | 58331 | 5832
114 [ir ' CallaNeO, | 51732 | 5174
115 |iPr | CH, CH; | CHaNeQ, | 54535 | 5454
116 |iPr OCF; CaHzsFaN:0; [ 601.30 | 601.2
117 |iPr | tBu CaHiNgO, | 57338 | 5734
118 [iPr | Cl CaolssCINGO, | 55128 | 551.2
119 |tBu | C1 CaH4 CINGO; | 565.30 | 565.2
120 |Bu]cCH; CuHyNO, [54535 | 545.5
121 {tBu|F CaH, FN,O, | 54933 | 549.2
122 | tBu | CF, | CpHyFaNO, | 599.32 | 599.2
123 | tBu | OCF; CsHuFaN:O; | 61532 | 6152
124 |tBu OCHF, CaHpF;NO, | 597.33 | 5974
125 [tBu |F CsHyFN,O, |549.33 | 5492
126 | tBu CyuHpNO, |531.34 | 5314
127 | tBu | CH; CH; | CisHysNsO, | 559.37 | 559.4
128 [1Bu OCF, CyHyFaNO; | 61532 | 615.2
129 | tBu | 1Bu CasHsNO, [ 587.40 | 587.4
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Table V
Rab
sohever hay
”/\O\l\/o RS R
HNJ(N '
R1

Example |R' |R° R’ | R® |R® |R® R™ | Molecular | [MAHT" | [MAH]

No. Formula caled found
130 | iPr gS)H- CoHyN;0, | 532,32 | 532.2
131 iPr 0X0 CaHagN:C; 530.31 530.2
132 |[iPr cl CaiHiyoCIN:O, | 550.29 | 550.2
133 | iPr gl)i CypHNsO, | 53034 | 5304
134 | iPr -('CHI);— CasHpN:sO, | 54234 | 542.4
135 | iPr F F CaHyF,N;O, | 55231 | 552.2
136 | iPr F CoHLFNO, | 53432 | 534.2
137 | iPr Cl CaHyoCIN;O; | 55029 | 551.2
138 [iPr F |F CaHsoFN;0, | 55231 | 552.2
139 | iPr F F | CyHsFoNs0, | 55231 | 5532
140 | iPr CyHgN:O, |51633 | 5164
141 {tBu g%— | CoHeN:Os . | 54634 | 546.4
142 | 1iBu F CiHoFN:O, | 548.33 | 548.2.
143 Bu 0Xx0 . CspH;N505 544.32 544.4
144 | tBu Cl CoHoCINSO, | 56430 | 5652
145 | tBu CH, 2- CollsN:0, | 60042 | 600.4

methylpropyl )

146 | tBu g){ CaHsN:0, 54436 | 5444
147 | tBu -(CHZ):- CaHisN;O, | 556.36 | 556.4
148 [ Bu Cl Cl CuHaCLN:O, | 59826 | 599.2
149 | Bu F F CoHyFN;0, | 56632 | 5662
150 [Bu F CyoHnFN:O, | 54833 | 5484
151 [1tBu . | CFs CiHpFN;O, | 59833 | 5984
152 | tBu CF; CiHyFsNsO; | 598.33 | 598.2
153 | tBu Cl CyH,CIN,O, | 56430 | 564.2
154 |tBu ¥ |F CoH FN:O, | 56632 | 566.2
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556.4 148 tBu
149 tBu

F o C321142EN502 548. 33 548.4 151 tBu

a da C321-141C12N502 598. 26 599. 2
FF C321-102N502 566. 32 566. 2 150 tBu

WO 2006/127815 PCT/US2006/9020085
Example | &' |R° |R |R® [R® [R® R™ | Molecular IMHT | [M+HE]
No. Formula calcd found
155 iBu F F CapHay B0, | 566.32 566.4
156 {Bu 032H43N502 530,34 5304
Table VI
8a
o) o) R
N N
H N R7
/N
HN
‘(R1
Example | R! | R’ R Molecular Formula | M+H] MFET
No. calcd found
157 | iPr | (R)-0H CaHN;05 538.37 538.4
158 | iPr ' CorHL:0, 522.37 5224
159 tBu (R)-OI‘I 032H49N503 552.3 8 3 524
160 tBu CaH 4o IN:0s 536.39 5364
5
Table VIL
o 0 R‘IOa
N N)J\rO\@
H N Rr? R10b
N
HN—{ 1
R
Example | R' | R’ R | R Molecular M+H]" | MHH]
No. Formula caled found
161 iPr CH; CuHeN;0; | 546.34 5464
162 |iPr Cl Cl Cs,HsCLNSO; | 600,24 | 601.2
163 iPr CH; Cl CyoHoCINO4 | 580,30 581.2
164 iPr CH; C32H43N503 546.34 546.4
165 tBu CH; CaaHsIN5O4 560.35 560.4
166 iBu Cl Cl CpHyCLN;0; | 614.26 615.2
167 |[Bu |CH; Cl C3HuCINO, | 594.31 | 595.2
168 tBu | CH; CasHysNs05 560.35 560.4
10

54




CF3 G331142F3N302 598. 33 598.4 152 tBu CF3
G331142F3N302 598. 33 598.2 153 thu @
C321142C1IN502 564. 30 564.2 154 tBu F F
W@&ﬂﬁlg‘ﬁgz N502 566. 32 566. 2 PCT/US2006/020085
Table VIO
0
N N—-—%)— .
geNens
N
HN—{
R’I
Example | R* RY Molecular | [MHH]™ | [M+H]
No. Formula calcd found
170 iPr 2 A-dimethylisoxazol-2yl | CysHiNeO4S | 557.28 557.2
171 iPr -CHz-phenyl CaH g N:Oa8 | 552.29 552.2
172 tBu 2 4-dimethylisoxazol-2yl | CpHyuNO,S | 571.30 5371.2
173 tBu —CHz-phenyI C31H43N503S 566.31 566.2
Table IX
11a 11b
0 R R
N N‘_(]? 11¢
N 0
HN
~<R1
Example Rl Rl 1a Rl]b Rllc Rl 1d MOIEUular [M+H]+ [M+ T
No. Formula caled found
174 iPr | CE, CapgHseFaN:sO,S | 606.27 606.2
173 iPr | CN CagllzgNsO58 563,27 563.2
176 iPr OCH,; Csgly N:;0,48 568.29 568.2
177 iPr Cl CaoH3CIN;Os8 | 572,24 572.2
178 iPr | F CaoH3sFN5018 556,27 556.2
179 iPr CFg, C3[)I'I33F3N503S 606.27 606.2
180 iPr iPr CaHysN;048 580.32 580.4
182 iPr | CH, F CsoHyoFN5058 570.28 570.2
184 ifr (CH; |Cl CsoH4CINSO,8 | 586.25 586.2
185 iPr Bu CisHN-058 594.34 594.4
186 iPr | OCH, Cl CyoH4oCINsO,S | 602,25 602.2
187 iPr Cl C29H33C1N503S 572.24 5722
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WD 2006/ 127815PCT/ US2006/ 020085 Exanple No. R 7:4
R7 Rga R 81' R8' R Id Ml ecular Formula [Mall+ Ceed
| MH + found 155 tHu F F C321143172N303 566. 32

W@fiﬁ“ﬁéiég% teBKb C321-143N502 530. 34 SSOPé[méI;ﬁ\J%‘lm%OSS

Example | R |R™ [R"™ [R™ [R" | Molecular M+H]" | [M+H]

No. Formula caled found
188 iPr CollzeN:058 338.28 538.2
189 iPr F CaH3FN:O5S | 556.27 556.2
190 iPr CH; CaolLa1 N5045 552.29 552.2
191 iPr CH; CsoHN;0,5 552.29 5522
192 iPr CF; CaoHagF3N;0,8 | 606,27 606.2
193 iPr | CH; CagH 1 N:O53 552.29 5522
194 tBu | CN C31H4gN:O58 577.29 577.2
195 tBu CF; CaHyFsN:OsS | 620.28 620.2
196 iBu iPr CisHyNO,8 594.34 5944
197 Bu | Cl C3H4,CINGO,S | 586.25 586.2
198 | tBu | CH, F C31HapFN;0,8 584.30 584.2
199 Bu | Cl F C3oH30CIFN:04S | 604.24 604.2
200 tBu |CH; | C CuHpCIN:O,8 | 60027 600.2
201 Bu Bu CaHyN:05S 608.36 608.4
202 {Bu | OCH; Cl CyH,CINSO4S | 616,26 616.2
203 tBu CH; CaHpN:0:8 566.31 566.4
204 tBu CH; Cs5HysN045 566.31 566.2
205 tBu CF; Ca HyoF3N:0,8 | 620,28 _620.2
206 iBu | CH; CaHyaN;058 | 566.31 566.2
207 Bu | CF, CyHyoFN:0:8 | 620.28 620.2
208 tBu OCH; Ca1H4aNs045 582.30 582.2
209 tBu Cl CiHyoCINGO,8 | 586.25 586.2
210 iBu | F C3oH4pFN5058 570,28 570.2
211 tBu Cl CagHyCIN:O58 | 586.25 586.2
212 tBu CapH 1 N:058 552.29 552.2
213 tBu F CuoHaoFN; 0,8 570.28 570.2

56



10

15

20

25

30

R7 128 Mol ecul ar Fornmul a [ MtH egad [ MtHr found 157
iPr (R-0OH C311147N503 538. 37 538.4 158 H3r
C331143N502 522.37 522.4 159 tBu (R -OH C321143N303
552. 38 552.4 160 tBu C321- 143N302 536. 39 536.4
wdatnsa27¢14 PCT/US2006/020085

Example 214. Alternate synthesis of 4-(4-{{(2-isopropyl-1H-benzoimidazole-4~
carbonyl)-amino]methyl} piperidin-1-ylmethyD)piperidine-1-carboxylic acid
methyl ester

a. Preparation of 4-hydroxymethyl-piperidine-1-carboxylic acid methvi ester

4-Hydroxymethylpiperidine (1.0 g, 8.6 mmol) was dissolved in water (15 mL) and
cooled to 0 °C. To this solution was added dropwise asolution of potassium carbonpate.. . .
(4.8 g, 34.7 mmol) in water (10 mL), followed by methyl chloroformate (2.68 mL,
34.7 mmol). The mixture was stirred vigorously and allowed to warm to room
temperature over 2 h. After stirring overnight (16 h), the reaction mixture was acidified
with 6M aqueous hydrochloric acid and extracted with dichloromethane (3 x 60 mL). The
extracts were combined, dried over sodium sulfate and filtered, The filtrate was
evaporated to yield the title intermediate (1.4 g, 8.1 mmol, 93%)} as a colorless oil. (m/z):
CsHiysNO; caled. 173.11; found 156.2 [M-HO--H]". 'H NMR (300MHz, DMSO-dg): 8
(ppm) 0.98 (m, 2H), 1.52 (m, 1H), 1.63 (br d, 25), 2.72 (br m, 2H), 3.23 (d, 2H), 3.56 (5,
3H), 3.95 (br d, 2ED), 4.48 (br s, 1H).

b. Preparation of 4-formylipiperidine-1-carboxylic acid methyl ester

To a solution of oxalyl chloride (4.1 mL, 8.2 mmol) in dichloromethane (4 mL) at
78 °C was added dropwise a solution of dimethylsulfoxide (1.2 mL, 16.4 mmol) in
dichloromethane (4 mL). After stirring for 5 min, a solution of 4-hydroxymethyl-
piperidine-1-carboxylic acid methyl ester (1.3 g, 7.5 mmol) in dichloromethane (5 ml)
was added. The resulting solution was stirred for another 5 min, then triethylamine
(5.2 mL, 37.3 mmol) was added and the mixture allowed to warm to0 -10 °C . After
stirfing for 1 h, 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, DMS0-dq): & (ppm) 1.36
(o, 2HD), 1.83 (tm, 2H), 2.48 (br m, 1H), 2.93 (br t, 2H), 3.56 (s, 3H), 3.80 (br 4, 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 rumol) was added. When the suspension became a
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Exanple No. R9 RlOa RI Qb Ml ecul ar Fornula [ MtH| t
calcd [ MtHr found 161 i Pr CH3 C32H43N303 546. 34
546.4 162 iPr O C C311133C12N303 600.24 601.2 163
iPr CH3 d (C321142C1N303 580.30 581.2 164 i Pr CH3
wOadkA481s 1303 546. 34 PCT/US2006/020085

clear solution, acetic acid (0.13 mL, 2.0 mmol) was added, followed by a solution of
4-formylpiperidine-1-carboxylic acid methyl ester (0.54 g, 3.1 mmol) in dichloromethane
(20 mL). After stirring for 5 minutes at room temperature, sodium iriacetoxyborohydride
(0.628 g, 3.1 mmol) was added, and the reaction stirred for an additional 1 h, The
aqueous layer was then made alkaline with 1M aqueous sodium hydroxide (35 mL) and
extracted with dichloromethane (2 x 20 mL). The combined orgaﬁic layers were washed
with brine, dried over sodium sulfate and evaporated to yield crude product as a brown
solid (1.41 g). |

The crude product was purified via preparative HPLC (reverse phase) [gradient of
5-10-25%: 5% MeCN/water (0.1% TFA) to 10% MeCN linear over 10 min; 10% MeCN
to 25% MeCN linear over 50 min; flow rate = 15 ml/min; detection at 280 nm] fo
provide the title compound as the bis trifluoroacetate salt, which was then lyophilized.--A
mixture of 1M sodium hydroxide and dichloromethane (1:1, 100 mL) was added to the
lyophilized bis trifluoroacetate salt. The organic layer was dried over sodium sulfate,
filtered, and evaporated, and the resulting solid was lyophilized to provide the title
compound as a white solid (0.93 g, 2 mmol, 98 % vield, purity 97.5 %). (m/z): [M-+H]"
caled for CosH37Ns03 456.30; found 456.3. Retention time (anal. HPLC: 2-50%
MeCN/H,0 over 6 min) = 3.06 min. 'H NMR (300 MHz, DMSO- dg): 0.92 (m, 2H), 1.30
(m, 2H), 1.38 {d, 6H), 1.53 (m, 1H), 1.60-1.90 (m, 7H), 2.07 (d, 2H), 2.73 (br m, 2H),
2.83 (br d, 2H), 3.22 (septet, 1H), 3.33 (t, 2H), 3.56 (s, 3H), 3.93 (br d, 2H), 7.23 (t, 1H),
7.62 (4, 1H), 7.77 (d, 1H), 10.10 (br s, 1H).

Example 215. Synthesis of crystalline 4-(4-{[(2-isopropyl-1 H-benzoimidazole-

4-carbonyl}-amino]methyl}piperidin-1-ylmethyl)piperidine-1-carboxylic acid
methyl ester (Form I)

A~(4-{[(2-isopropyl-1H-benzoimidazole-4-carbonyl)-aminojmethyl } piperidin-1-
ylmethyDpiperidine-1-carboxylic acid methyl ester in amorphous solid form, prepared
according to the process of Example 214 (300 mg) was dissolved in acetonitrile (15 mL),
mixed until complete dissolution, and exposed to the aimosphere resulting 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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546.4 165 t.13u.  CH3 C33H45N303 560.35 560.4 166
03u O O C321141CL2N303 614.26 615.2 167 tBu CH3
O C33HA4CL1\ 1303 594.31 595.2 168 ti3u CR3
14503 560,35 560.4 WD 2006/ 127815P
WY U5606) 020085 Table ' Vi1 Exanple No, CPeT/usI0G020083

Example 210. Synthesis of crystalline 4-(4-{[(2-isopropyl-1H-benzoimidazo__
4-carbenyl)-amino]methyl}piperidin-1-ylmethyl)piperidine-1-carboxylic acid
methyl ester (Form I)

a. Preparation of 4-hydroxymethyl-piperidine-1-carboxvlic acid methyl ester

4-Hydroxymethylpiperidine (47.6 g , 1.0 eq) and water (300 mL) were charged to
a flask. The resulting mixture was cooled to 0-10°C.. Potassium carbonate (85.7 g,

15 eq) dissolved in water (150 mL) and methyl chloroformate (38.4 mL, 1.1 eq) were

added while maintaining the temperature at below 10°C. When the addition was
complete, the reaction mixture was warmed up to 20-30°C for 1 hour. After the reaction
was complete, dichloromethane (500 ml) was added to the reaction mixture. The organic
layer was coliected and washed with 1 M phosphoric acid solution (200 mL), saturated
sodium bicarbonate solution {200 mL) and saturated sodium chloride solution (200 mL).
The organic layer was dried over sodium sulfate (50 g, 1 w/w eq) and then distilled under
vacuum to produce the title intermediate. (67.0 g, 90% yield)

b. Preparation of 4-formylpiperidine-1-carboxylic acid methyl ester
4-Hydroxymethylpiperidine-1-carboxylic acid methyl ester {34.7 g, 1.0 eq) was

dissolved in dichloromethane and cooled to 0-10°C. A solution of sodium bicarbonate
(2.35 g, 0.14 eq) and sodium bromide (2.40 g, 0.10 eq) in water (100 mL) was added over
15 min while maintaining the temperature at 0-10 °C. 2,2,6,6-Tetramethyl-1-
piperidinyloxy free radical (TEMPO) (0.32 g, 0.01 eq) was added to the mixture,
followed by 10-13% w/v sodium hypochlorite solution (135 mL, 1.1 eq) over 1 hwith
good agitation while maintaining the temperature at 0-10°C. After the reaction was
complete, the layers were separated and the organic layer washed with water (150 mL)
and dried over sodium sulfate (30 g, 1 w/w eq). The solvent was removed by distillation
to provide the title intermediate. (31.0 g, 90% yield)
c. Preparation of 2-isopropyl-1H-benzoimidazole-4-carboxylic acid (piperidin-4-
ylmethyDamide

Triflucroacetic 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 mI., 7.0 eq) and acetic acid
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R' Mol ecul ar Forrmula [ Mt111+ calcd [ MtHI + found 169
i Pr CH3 C24H32N3038 476.26 476.2 170 i Pr
2, 4-di met hyl i soxazol -2yl C2311461\ 1604S 557. 28 557.2

o6 Blags 012- phenyl  C301141N3038 552. 29 552,
W% fooly s hyl i soxazol - 2yl C22H42N6048 571. 30 e

tBu - Cl12- heng C311143N5038 566.31 566.2 5Table I X
(4 Byl 1 Gceqhyerergded to provide a solution of the title imtermediate with an

apparent pH of approximately 4 that was used directly in the next step,

. Synthesis of 4-(4-{[{2-isopropyl-1H-benzoimidazole-4-carbonyl)-
aminolmethyl} piperidin-1-ylmethyl)piperidine-1-carboxylic acid methyl ester

4-Formylpiperidine-1-carboxylic acid methyl ester (25.7 g, 2.0 eq) was added fo
the solution prepared in the previous step while maintaining the temperature at 20-30 °C.
After stirring for 30 min, sodium triacetoxyborohydride (24.3 g, 1.5 eq) was added while
maintaining the temperature at 20-30°C. The reaction mixture was stirred at 20-30°C for
30 min. After the reaction was complete, 1 M hydrochloric acid (300 mL) was added to
quench the reaction. The product-containing aqueous layer was collected and washed with
dichloromethane (150 mL). The aqueous layer was treated with activated carbon (Darco
(60,6 g, 20% w/w) to remove color. The saspension was stirred for 1 hr, and then -
filtered through a bed of Celite. Dichloromethane (300 mL) was added to the aqueous
solution and the product free-based using 4 N sodium hydroxide by adjusting the pH of
the aqueous layer to 12-13. The organic layer was collected and washed with water (300
mL). The organic layer was distilled at 80 °C and solvent exchanged with acetonitrile (2 x
300 mL), to remove dichloromethane and residual tristhylamine, The solids were
suspended in acetonitrile (600 mL), and the mixture heated until the solids were dissoved
(~75°C). The solution was cooled until nucleation occured (~55 - 65°C) and held for 1 h.
The slurry was cooled to 20°C over 2 h, and then to 0-5°C over 30 min, followed by
stirring at 0-5°C for 30 min. The solids were filtered and washed with cold acetonitrile
(60 mL). The wet cake was dried under vacuum at 60 °C for 6 h to provide the title
compound. (28.3 g, 85% yield).

Example 217; Synthesis of crystalline 4-(4-{[(2-isopropyl-1H-benzoimidazole-

4-carbonyl)-amino] methyl}piperidin-1-ylmethypiperidine-1-carboxylic acid
methyl ester (Form I)

4-(4-{[(2-isopropyl-1 H-benzoimidazole-4-carbonyl)-amino]methyl} piperidin-1-
ylmethyl)piperidine-1-carboxylic acid methyl ester in amorphous solid form, prepared
according to the process of Example 214 was dispersed in the inert diluents listed in
Table X below. The mixtures were exposed to the atmosphere and allowed to completely
evaporate. The resuliing 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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with that reported below in Example 220, which was obtained from the sample of
Example 215.

Table X: Crystalline Form Synthesis

Diluent Compound of Formula (I} Volume of Diluent
(mg) (tnL)
Hiher | 4.60 0.230
Cyclohexane 4.87 0.486
Ethyl acetate 5.67 0.284

Example 218: Synthesis of crystalline 4-(4-{[(2-isopropyl-1H-benzoimidazole-
- 4-carbonyl)-amino}methyl} piperidin-1-ylmethyl)piperidine-1-carboxylic acid
methyl ester (Foxm II)

4-(4- {[(Z-Isopropﬁ-1H—benzoimidazole—zi-carbonyl)-amino]methy]}piperidin~1-
ylmethyDpiperidine-1-carboxylic acid methyl ester in amorphous solid form (42.2 mg),
was dispersed in hexane (4.22 mL) at ambient temperature to a final concentration of
10 mg/mL. The solution was sonicated to disperse larger solids. After 24 h at ambient
temperaturs (approximately 22 °C) crystallization had occurred. The crystalline solids

were isolated via vacuum filtration, prior to analysis.

Example 219: Synthesis of crystalline 4-(4-{[(2-isopropyl-1H-benzoimidazole-
4-carbonyl)-amino)methyl}piperidin-1-ylmethyl)piperidine-1-carboxylic acid
methyl ester (Form III)

4-(4-{[(2-Tsopropyl-1 H-benzoimidazole-4-carbonyl)-aminomethyl} piperidin-1-
ylmethyl)piperidine-1-carboxylic acid methyl ester in amorphous solid form (38 mg) was
dissolved in a 1:1 ethanol:water solvent mixture (1.9 mL) at ambient femperature to a
final concentration of 20 mg/mI.. 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 filiration. 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 ART 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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WO 2006/127815 PCT/US2006/020085

performed at a scan rate of 2°/min with a step size of 0.03° per point over a range of 2°t_
35° in two-theta angle. Samples, either as received or ground to a fine powder, were
gently packed into a quartz insert 7.8 mm in diameter and 0.5 mm in depth designed to fit
into the instrument top-loading sample cup for analysis. The instrument calibration to
within £0.02° two-theta angle was verified weekly by comparison with a silicon metal
standard. A representative PXRD pattern for the crystalline compound of Example 215
{Form I}, which was hand ground to a powder, is shown in Figure 1. A representative
PXRD pattern for a sample of crystalline Form III obtained with a Rigaku diffractometer
using Cu Ka (30 kV, 15 mA) radiation is shown in Figure 5.

Example 221: X-ray Structare Analysis
a, Form I

A chunk crystal produced in Example 215 having dimensions of
0.33 x 0.17 x 0.11 mm was mounted on a glass fiber. X-ray structure data was obtained
using a Bruker SMART 6K CCD —ray area dstector with window diameter of 13.5 cm,
confrolled by SMART version 5.630 software (Bruker, 2003) using Cu Ko radiation. The
sample to detector distance was 5.039 cm. Data was collected at a temperature of
-153+1 °C and was analyzed using SHELXS version 6.14 (Bruker, 2003) software. The
following lattice parameters were derived: unit cell is orthorhombic with dimensions
a=16.9053 A, b=9.5172 A, ¢ = 15.4659 A; space group is Pna2;; calculated density is
1.22 g/em, Powder x-ray diffraction peaks predicted from the derived atomic positions
are in excellent agreement with the observed results obtained as described in Example
220, s shown in Table X1.

Table XI: PXRD Peak Positions

Observed 20 (degrees) Predicted 20 (degrees)
15,08 +0.20 15.1 0.2
1541 +0.20 15.6 0.2
19.00 £0.20 192 +0.2
19.70 +0.20 195 +0.2
23.68 +0.20 23.7 202
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b. Form I

A chunk crystal produced by the process of Example 219 having dimensions of
0.35 x 0.12 x 0.09 mm was analyzed by the method described above. The following
lattice parameters were derived: unit cell is monoclinic with dimensions a = 14.8101 A,
b=9.9985 A, c=17.9222 A; B = 106.3020 °, space group is P2:/n; calculated density is
1.23 glem®, '

Example 222: Thermal Analysis

Differential scanning calorimetry (DSC) was performed using a TA Insirurnents
Model Q-100 module. Data were collected and analyzed using TA Instruments Thermal
Advantage fo[r Q Series™ software. A sample of about 7 mg was accurately weighed into
an aluminum pan with lid. The sample was evalnated using a lincar heating ramp of
10 °C/min from 5 °C to about 200 °C. The DSC cell was purged with dry nitrogen during
use.

Thermogravimetric analysis (TGA) was performed using a TA Instraments Model
Q-500 module. Data were collected and analyzed using TA Instruments Thermal
Advantage for Q Series™ software. A sample weighing about 2 mg was placed in an
aluminum pan on a platinum cradle and scanned from ambient temperature to about
300 °C with a linear heating rate of 10 °C/min. The balance and furnace chambers were
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 I 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
V'TI atmospheric mictobalance, 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 % RE/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
S consecutive points. A representative DMS isotherm for the crystalline compound of
Example 215 (Form I) is shown in Figure 3.
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0013 Cl C301140C1N3048 602.25 602.2 187 iPr d
C221132C1IN3038 572.24 572.2 Exanpl e No. RL R'a Rub
Ru RH' Mbl ecul ar Formula [ M+H] cal cd [ MtHr found 188

i Pr C291139N503S 538.28 538.2 189 i Pr
WO 2006/127815 PCT/US2006/020085

The crystalline compound of the invention exhibits a reversible
sorption/desorption profile with a weight change of less than 0.25 % over the entire range
of 2 % to 90 % RH and a weight change of less than 0.1 % over the critical Immidity
range of 40 % to 75 % RH.

Example 224: Infrared Analysis

The infrared (IR) absorption spectrum of the crystalline compound of Example
215 (Form I) was determined over the frequency range 4000 to 675 cm using an Avatar
360 FT-IR spectrometer equipped with a Nicolet attenuated total reflection (ATR)
sample holder, A representative TR absorption spectrum for a sample of the crystalline
compound of the invention had significant absorption bands at 766+1, 109741, 12511,

14131, 14491, 1579+1, 1609+1, 16401, and 1696:£1 cm.

Example 225: Solid State Stability Assessment

Samples of the crystalline compound of Form 1, prepared according to the process
of Bxample 216, were stored in multiple open glass vials at 40 °C and 75 % RH. At
specific intervals, the contents of a representative vial was removed and analyzed by DSC,
TGA, PXRD, and by HPLC for chemical purity. After three months of storage, there was
no detectable change in the DSC or TGA thermograms nor in the PXRD pattern. The
chemical purity of the stored sample was 99.5 %.

Assay 1: Radioligand Binding Assay on 5-HT4) Human Receptors

a. Membrane Preparation 5-HT
HEK-293 (human embryonic kidney) cells stably-transfected with human 5-HTy)
receptor cDNA (Bmax = ~ 6.0 pmol/mg protein, as determined using [*H]-GR113808

membrane radioligand binding assay) were grown in T-225 flasks in Dulbeceo’s Modified
Eagles Medium (DMEM) containing 4,500 mg/L D-glucose and pyridoxine hydrochloride
(GIBCO-Invitrogen Corp., Catlsbad CA: Cat #11965) supplemented with 10% fetal
bovine serum (FBS) (GIBCO-Invitrogen Corp.: Cat #10437), 2 mM L-ghutamine and

(100 units) penicillin-(100 pg) streptomycin/m1 (GIBCO-Invitrogen Corp.: Cat #15140) in

a 5% CO,, humidified incubator at 37 °C. Cells were grown under continuous selection
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pressure by the addition of 800 pg/ml, geneticin (GIBCO-Invitrogen Corp.: Cat #10131)
to the medium.

Cells were grown to roughly 60-80% confluency (< 35 subculture passages). At
20-22 hours prior to harvesting, cells were washed twice and fed with serum-free DMEM.
Al steps of the membrane preparation were performed on ice. The cell monolayer was.. ..
lifted by gentle mechanical agitation and trituration with a 25 ml pipette. Cells were
collected by centrifugation at 1000 rpm (5 min).

For the membrane preparation, cell pellets were resuspended in ice-cold 50 mM
4-(2-hydroxyethyl)-1-piperazineethanesulphonic acid (HEPES), pH 7.4 (membrane
preparation buffer) (40 mL/total cell yield from 30-40 T225 flasks) and homogenized
using a polytron disrupter (setting 19, 2 x 10 s) on ice. The resultant homogenates were
centrifuged at 1200 g for 5 min at 4°C, The pellet was discarded and the supernatant
centrifuged at 40,000 g (20 min). The pellet was washed once by resuspension with
membrane preparation buffer and centrifugation at 40,000 g (20 min). The final pellet
was resuspended in 50 mM HEPES, pH 7.4 (assay buffer) (equivalent 1
T225 flask/1 mL). Protein conceniration of the membrane suspension was determined by
the method of Bradford (Bradford, 1976). Membranes were stored frozen in aliquots at
-80 °C.

b. Radioligand Binding Assays
Radioligand binding assays were performed in 1.1 mL 96- deep well

polypropylene assay plates (Axygen) in a total assay volume of 400 pL containing 2 pg
membrane protein in 50 mM HEPES pH 7.4, containing 0.025% bovine serum albumin
(BSA). Saturation binding studies for determination of Kq values of the radioligand were
performed using [*H]-GR113808 (Amersham Inc., Bucks, UK: Cat #TRK944; specific
activity ~82 Ci/mmol) at 8-12 different concentrations ranging from 0.001 nM ~ 5.0 nM.
Displacement assays for determination of pX; values of compounds were 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 uM into 50 mM HEPES pH 7.4 at 25°C, containing 0.1% BSA, and serial dilutions
(1:5) then made in the same buffer. Non-specific binding was determined in the presence

of 1 M unlabeled GR113808. Assays were incubated for 60 min at room temperature,
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and then the binding reactions were terminated by rapid filtration over 96-well GF/B glass
fiber filter plates (Packard BioScience Co., Meriden, CT) presoaked in
0.3% polyethyleneimine. Filter plates were washed three times with filtration buffer (ice-
cold 50mM HEPES, pH7.4) to remove unbound radioactivity. Plates were dried, 35 ul
Microscint-20 liquid scintiflation fluid (Packard BioScience Co., Meriden, CT) was added
to each well and plates were counted in a Packard Topcount liquid scintiilation counter
(Packard BioScience Co., Meriden, CT).

Binding data were analyzed by nonlinear regression analysis with the GraphPad
Prism Software package (GraphPad Software, Inc., San Diego, CA) using the 3-parameter
mode] for one-site competition. The BOTTOM (curve minimum) was fixed to the value
for nonspecific binding, as determined in the presence of 1 uM GR113808. X; values for
test compounds were calculated, in Prism, from the best-fit ICsq values, and the Kq value
of the radioligand, using the Cheng-Prusoff equation (Cheng and Prusoff, Biochemical
Pharmacology, 1973, 22, 3099-108): K;=1Cso/ (1 +[L}/Kg) where [L] = concentration
[’H]-GR113808. Results are expressed as the negative decadic logarithm of the
K; yalues, pK;.

Test compounds having a higher pK; value in this assay have a higher binding
affinity for the 5-HT, receptor. The compounds of the invention which were tested in this
assay bad a pK; value ranging from about 7.0 to about 10.0.

Assay 2: Radioligand Binding Assay on 5-HT3, Human Receptors:
Determination of Receptor Subtype Selectivity

a. Membrane Preparation 5-HT3a
HFEK-293 (human embryonic kidney) cells stably-transfected with human 5-HTsa

receptor cDNA were obtained from Dr. Michael Broess (University of Bonn, GDR)

(Bmax = ~ 9.0 pmol/mg protein, as determined using [*H}-GR65630 membrane
radioligand binding assay). Cells were grown in T-225 flasks or cell factories in 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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Cells were grown to roughly 70-80% confluency (< 35 subculture passages). All
steps of the membrane preparation were performed on ice. To harvest the cells, the media
was aspirated and cells were rinsed with Ca®*, Mg**-free Dulbeceo’s phosphate buffered
saline (dPBS). The cell monolayer was lified by gentle mechanical agitation. Cells were
collected by centrifugation at 1000 rpm (5 min). Subsequent steps of the membrane

preparation followed the protocol described above for the membranes expressing 5-HT4)y

receptors.

b. Radioligand Binding Assays

Radioligand binding assays were performed in 96-well polypropylene assay plates
in a total assay volume of 200 pL containing 1.5-2 pg membrane protein in
50 mM HEPES pH 7.4, containing 0.025% BSA assay buffer. Saturation binding studies
for determination of K4 vahues of the radioligand were performed using PH]-GR65630
(PerkinElmer Life Sciences Inc., Boston, MA: Cat #NET1011, specific activity ~85
Ci/mmol) at twelve different concentrations ranging from 0.005 nM to 20 M.
Displacement assays for determination of pKj values of compounds were performed with
[PH]-GR65630 at 0.50 nM and eleven different concentrations of compound ranging from
10 pM to 100 pM. Compounds were received as 10 mM stock solutions in DMSO (see
section 3.1), diluted to 400 uM into 50 mM HEPES pH 7.4 at 25°C, containing
0.1% BSA, and serial (1:5) dilutions then made in the same buffer. Non-specific binding
was determined in the presence of 10 pM unlabeled MDL72222. Assays were incubated
for 60 min at room temperaﬁne, then the binding reactions were terminated by rapid
filtration over 96-well GE/B glass fiber filter plates (Packard BioScience Co.,
Metiden, CT) presoaked in 0.3% polyethyleneimine. Filter plates were washed three
times with filtration buffer (ice-cold 50mM HEPES, pH?7.4) to remove unbound
radioactivity. Plates were dried, 35 pL Microscint-20 liquid scintillation fluid (Packard
BioScience Co., Meriden, CT) was added to each well and plates were counted in a
Packard Topcount liquid scintillation counter (Packard BioScience Co., Meriden, CT).

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 yM MDL72222. The quantity
[L] in the Cheng-Prusoff equation was defined as the concentration [*H]-GR65630.
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Selectivity 1or the >-HT, receptor subtype with respect to the 5-HT; receptor
subtype was calculated as the ratio Ki(5-HT34)/Ki(5-HTye). The compounds of the
invention which were tested in this assay had a 5-HT4/5-HT; receptor subtype selectivity
ranging from about 4000 to upwards of 400,000.

Assay-3: Whole-cell cAMP Accumulation Flashplate Assay with HEK-293-
cells expressing hiiman 5-HT4() Receptors

In this assay, the functional potency of a test compound was determined by
measuring the amount of cyclic AMP produced when HEK-293 cells expressing 5-HT

receptors were contacted with different concentrations of test compound.

a. Cell Culture
HEK-293 (human embryonic kidney) cells stably-transfected with cloned human

5-H T4 receptor cDNA were prepared expressing the 'receptor' at two different densities:
(1) at a density of about 0.5-0.6 pmol/mg protein, as determined using a [*H]-GR113808
membrane radioligand binding assay, and (2) at a density of about 6.0 pmol/mg protein,
The cells were grown in T-225 flasks in Dulbecco’s Modified Eagles Medium (DMEM)
containing 4,500 mg/L D-glucose (GIBCO-Invitrogen Corp.: Cat #11965) supplemented
with 10% fetal bovine serum (FBS) (GIBCO-Invitrogen Corp.: Cat #10437) 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
pressure by the addition of geneticin (800 pg/mL: GIBCO-Invitrogen Corp.: Cat #1013 1)

to the medivm.

b, Cell Preparation
Cells were grown to roughly 60-80% confluency. Twenty to twenty-two hours

prior to assay, cells were washed twice, and fed, with serum-free DMEM containing
4,500 mg/L. D-glucose (GIBCO-Ivitrogen Corp.: Cat #11965). To harvest the cells, the
medija was aspirated and 10 mL Versene (GIBCO-Invitrogen Corp.: Cat #15 040) 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 cenirifuged 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 ahove 8
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pum, flask yield was 1-2 x 10’ cells/flask). Cells were resuspended at a concentration of
5 x 10° cells/ml in pre-warmed (37°C) stimulation buffer (as provided in the flashplate
kit) and preincubated at 37°C for 10 min.

cAMP assays were performed in a radioimmunoassay format using the Flashplate
Adenylyl Cyclase Activation Assay System with '**I-cAMP (SMP004B, PerkinElmer Life
Sciences Inc., Boston, MA), according to the manufacturer’s instructions.

Cells were grown and prepared as described above. Final cell concentrations in
the assay were 25 x 10° cells/well and the final assay volume was 100 pL. Test
compounds were received as 10 mM stock solutions in DMSO, diluted to 400 pM into
50 mM HEPES pH 7.4 at 25°C, containing 0.1% BSA, and serial (1:5) dilutions then
made in the same buffer. Cyclic AMP accumulation assays were performed with 11..
differént concentrations of compound ranging from 10 pM to 100 uM (final assay . . -
concentrations). A 5-HT concentration-response curve (10 pM to 100 pM) was included
on every plate. The cells were incubated, with shaking, at 37°C for 15 min and the
reaction terminated by addition of 100 pl of ice-cold detection buffer (as provided in the

flashplate kit) to each well. The plates were sealed and incubated at 4°C overnight.

Bound radioactivity was quantified by scintillation proximity spectroscopy using the
Topcount (Packard BioScience Co., Meriden, CT).

The amount of cAMP produced per mL of reaction was extrapolated from the
cAMP standard curve, according to the instructions provided in the manufacturer’s user
manual. Data were analyzed by nonlinear regression analysis with the GraphPad Prism
Software package using the 3-parameter sigmoidal dose-response model (slope
constrained to unity). Potency data are reported as pECsp valnes, the negative decadic
logarithm of the ECsp value, where ECs is the effective concentration for a 50 %
maximal response.

Test compounds-exhibiting a higher pECsp value in this assay have a higher
potency for agonizing the 5-HT; receptor. The compounds of the invention which were
tested in this assay, for example, in the cell line (1) having a density of about

0.5-0.6 pmol/mg protein, had a pECso value ranging from about 7.5 to about 9.5,
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%Jx%%s ind h REC 4 diac Potassium Channel
CHO-K1 cells stably transfected with hERG ¢cDNA were obtained from Gail

Robertson at the University of Wisconsin, Cells were held in cryogenic storage until
needed. Cells were expanded and passaged in Dulbecco's Modified Eagles Medium/F12
supplemented with 10 % fetal bovine serum and 200 pg/mL geneticin. Cells were seeded - -
onto poly-D-lysine (100 pg/mi) coated glass coverslips, in 35 mm? dishes (containing 2
mL, medium) at a density that enabled isolated cells to be selected for whole cell voltage-
clamp studies. The dishes were maintained in a humidified, 5% CO; environment at 37°C.
Extracellular solution was prepared at least every 7 days and stored at 4°C when
not in use. The extracellular solution contained (mM): NaCl (137), KCI (4), CaCl; (1.8),
MgCl, (1), Glucose (10), 4-(2-hydroxyethyl)-1-piperazineethanesulphonic acid (HEPES)
(10), pH 7.4 with NaOH. The extracellular solution, in the absence or presence of test
compound, was contained in reservoirs, from which it flowed into the recording chamber
at approximately 0.5 mIL/min. The intracellular solution was prepared, aliquoted and
stored at -20°C until the day of use. The intracellular solution contained (mM): KCI (130),
MgCl; (1), ethylene glycol-bis(beta~-aminoethyl ether) N,N,N',N'tetra acetic acid salt
(EGTA) (5), MgATP (5), 4-(2-hydroxyethyl)-1-piperazinesthanesulphonic acid (HEPES)
10y, pH 7.2 with KOH. All experiments were performed at room temperature (20-22°C).
The coverslips on which the cells were seeded were transferred to a recording
chamber and perfused continuously. Gigachm seals were formed between the cell and the
patch-electrode. Once a stable patch was achieved, recording commenced in the voltage
clamp mode, with the initial holding potential at -80 mV. After a stable whole-cell
current was achieved, the cells were exposed fo test compound. The standard voltage
protocol was: step from the holding potential of -80 mV to +20 mV for 4.8 sec, repolarize
to -50 mV for 5 sec and then return to the original holding potential (-80 mV), This
voltage protocol was run once every 15 sec (0.067 Hz). Peak current amplitudes during
the repolarization phase were determined using pClamp software. Test compounds at a
concentration of 3 pM were perfused over the cells for 5 minutes, followed by a S-minute
washout period in the absence of compound. Finally a positive control (cisapride, 20 nM)
was added to the perfusate to test the fonctien of the cell. The step from -80 mV to +20
mV activates the hERG channel, resulting in an outward current. The step back to -50 mV
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conééﬁﬁ‘aﬁﬁol'gn blood pBEha WaIindsid @ehotddl ¢.&, . "Bk BB Ind Bficentration

nperature at 20-30C. The reaction m xture was
VS, %ﬁ“F Firee o thotme ef dasingdp theilsst mapsugble qeaceniraticm (SRIGLRD)

a%ﬁ%ﬁ%l%ﬁ%%%ﬁa@{dlg @féﬂ g.x?é@lgblmﬁ)(l? o, i 1%%@ fod0

guench the reaction. The uct co
norfa@i@é@ C@OIO&MC(WOEBDIaémreﬂraanth\AEﬁeﬁt)\mrﬂﬁ admlmstrahon
t hane (150 nlL) The aqueous | ayer was
Wast%re&?&ggg\neth activated carbon (Darco G50, 6 g, 20%
ww) to renove color. The suspension was stirred for
1 hr, and then filtered tH2ough a bed of Celite.
Di chI oronet hane (300 nL) was added to the aqueous
solution and the product free-based using 4 N sodi um
hydr oxi de by adjusting the pH of 15 the aqueous | ayer
to 12-13. The organic |ayer was collected and washed
with water (300 ml' ) The organic layer was distilled
at 80 C and sol vent exchanged with acetonitrile (2 x
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Et hyl acetate 5.67 0.284 5Exanple 218: Synthesis of
crystalline 4-(4-{[(2-isopropyl-1H benzoi nli dazol e-
4 carbonyll-aninolnethyllpiperidin 1-yl met hyQpi peri di
-1-carborylic acid nmethyl ester (Form
Wﬂz?%’lﬂs{f’z | sopr opy1- 1H benzoi mi cl a7ol e- 4- carTERYISFLRN>
i no] net hyl } pi peri di n-1-
yI rret hyl ) pi pEh)di ABCie/ABIChoxPbcp/Besesh A0yl ester in

P A8 ooy il el o Vi i BB R L R o

and (R thia bisan ae fexjddtadné have gi"d'aaar bhuilabitityweisenadmirdstred

| lid fter 24 h at.
L e e Y A M
abB6t e 18 qbo&b% e laad AU(T}EO-%)GJahE&y}S@EI%/ ﬂaﬁghgﬁeﬂ aBbtﬁ 0.14 o

vacuum filtration, prior to analysis.
abputd:.2 Gy hi'mbs Bg wal oé AP Khewgmpound of Example 1 had a Cmax value.of

o {ulfiit AN RPB IR o R R BEra oot ol oD i e

moddl efbbuicaredhoxylic acid nethyl ester (Formlll)
4-(4-{[(2-1sopropyl-1H benzoi m dazol e-4-carbonyl) - ami
no] rvekiteythd ﬂieﬂﬂf ingferittoh\Hededeh MbscHbgiawitithereerte GRtho ﬁpeyilﬁicc

enfod s T A B RAFEIOGA WP FEnh Bt Biots o

chBifghs Alay BERLEENMndl KORSAL Hfa? bk Qulﬁtﬂ%%dfvhfh%ht departing from the true
concen¥rat|on of 20 ng/nlL. The sol ution was soni cat ed

spirih andgpopeeisheinverionn dudditiosrppat modfietigpympnhe madedo adapt a
pafShl LBRYE Bk PRP bl o Ml pRNERIALS, h o, to the
objretied, sitit adiscape didt pecurinention hall suopsmahiﬁqanmsw intpnded

d v k
o Sy IR GRS R bk P L it
patents] atidgatept dootimbtts aitel hesdirtiboRbdr ﬁmsﬁpera%&y réfevati@iherein in

-Ray Diffra x-ray diffraction
ﬁ’ﬁé‘ﬁ%ﬁ@‘\%’?@“ﬁ%?’&P’f?@Wﬁ%ﬁe Rffer mo APl X- Ray
D ffractoneter Moddel X TRA (Therno ARL SA,
Switzerland) using Cu Ka radiation at 1.542 A (45 kV,
40 mA) with a Si(Li) solid-state detector. The
anal ysis was typically perforned at a scan rate
0l2/mn with a step size of 0.03 per point over a
range of 2 t_ 35 in two-theta angle. Sanples, either
as received or ground to a fine powder, were gently
packed into a quartz insert 7.8 mmin dianmeter and
0.5 mMmin depth designed to fit into the instrunent
top-1 oadi ng sanple cup for analysis. The instrunent
calibration to 5 within 10.02 two-theta angl e was
verified weekly by conparison with a silicon netal
standard. A representative PXRD pattern for the
crystalline conpound of Exanple 215 (Fornj), which
was hand ground to a powder, is shown in Figure 1. A
representative PXRD pattern for a sanple of
crystalline Form DI obtained with a R gaku
diffractoneter using Cu Ka (30 kV, 15 mA) radiation
is shown in Figure 5. 10Exanple 221: X-ray Structure
Anal ysis a. Form| A chunk crystal produced in
Exanpl e 215 havi ng di nensions of 0.33 x 0.17 x 0.11
nm was nounted on a glass fiber. X-ray structure data
was obt ai ned using a Bruker SMART 6K CCD -ray area
detector with w ndow di aneter of 13.5 cm 15
control |l ed by SMART versi og,5. 630 software (Bruker
2003) using Cu Ka radiation. The sanple to detector
di stance was 5.039 cm Data was collected at a
tenperature of -15311 C and was anal yzed usi ng SHELXS
version 6.14 (Braker, 2003) software. The follow ng
|attice paranmeters were derived: unit cell is
orthorhombic with dinensions a = 16.9053 A, b =
9.5172 A, ¢ = 15.4659 A; space group is Pna2l;




19.00 10.20 19.2 10.2 19.70 10.20 19.5 10.2 23.68
10.20 23.7 10.2 25 WD 2006/ 127815PCT/ US2006/ 020085
b. Fom ffi A chunk crystal produced by the
process of Exanple 219 havi ng di nensions of 0.35 x
0.12 x 0.09 mm was anal yzed by the nethod descri bed

abo fol |l ow | attice paraneters were derived:
uni W@éﬁhf%ﬁé& otPifif ¢ with dimensions a = 14. 8101
A 5 b =19.9985 A ¢ = 17.9222 A, 13 = 106. 3020 ,
space group i-s P21/n; calculated density is 1.23

g/ cnB. Bﬁamib@u&a%ffaihﬁﬂmﬁj Anal ysi s

Differential 'scanning_calorinetry (DSC) was perfor med
using a TA Instrumsnt Model QlOO m)dul e. Data were

col l ected and an ~ fents Ther mal
D Satie Tm of vvare A sanpl e of
brag el y o an al um num

10 Advant age foi

about 7 ng was a

pan with lid. Theyg l e was eval uat ed using a linear
heating ranmp of 10 Gimin fromb5C to abg t 200 C. The -
DSC cel | was purged with dry nitrogen during use.

G

5 whgllgﬁpnogr avimetric analysis (TGA) was performed using

10

15

20

25

a TA I nstruments Model 15 Q 500 nodul e. Data were

col Réist @gsatioyl optiahglisesubstitiied Witk 1Qldtandment s Ther nal
Adv taeqe f&é Series Tmsoftware. A sanple wei ghing
abo 152 38p| aced in an al umi num pan on a

pl ati r{gjncgg)g@k@ %@f&ﬁ@m&aﬁmm a(@h%%ehﬁ%ah WIig0 or 1;

to abo Cwth a linear heating rate of
C/ mi n.(bHEOHRE { aherimRdisfsalentmd drasvanber s wer e pur ged

Ton 11 aceabrant CPySTTEhutRaT AE  or Boby BTGB eyt fom
to the pr ocesa%mﬁﬁxﬁﬁ%@ﬁﬂék, 3,mdd1:3,mif Bl [N,

material are s gur es

respecti veCysalltanpl e 223: Dynam c |\/b| st ure Sor ption
Assessnment Dynami ¢ noi sture sorption (DMS) assessnent
was perforﬁ‘eﬂ?Y‘élloali‘B’ @¥sing a 25 VTl atnospheric

i crobal an g@%ﬂs@ﬁ ‘g,geqe,ﬁfy,,nsml( Vihd QQ% &lectéd' ﬁlxﬁ %Huno’: Kuranyl,

33016). si ze of approxi mate

0 ng wa
used and the Byl moashatiayl, mtrafrlydroﬁHMyé,rp}mdaiyh enét
the start of the anal ysi's. A typical DMS anal ysis
consi st ed of B3y hilalenyhns: anbient to 2%rel ative

hum di,t % -

ccan (YRR e R i FeeRBPC REh 20T Ao,

two minut egtlﬁﬁﬂytsbﬁst%te&wﬁthch anged sidftituents belected from Crsalkyl,
value ( 5 YRH) when the mass_of the sanple was stable

to withi nh@OO@%&ﬂ]@?X% -Clon Saehiniapd 96?%»5 A

th
TR S by g
VO 20%%1&7@}%1%:@82&{&@\@@&&815g&h@ femyak@bﬂ {08L,),-; and

conpound of the invention exhibits a reversible
sor ption/ Bémxmmybm qchhexd, whensinphgeylghicyenkarybarg pptionally

R and o SRlsHREe ide 2ot 1 st SHo e s @ikgh e
critical 61%?@ LEFS, 300%; 00 Lahd-0R; % RH. 5
(e) —C(O)C(HRQ)OR10 wherein R® is hydrogen or Cy.salkyl, and RYis phenyl
‘optionally substituted with 1, 2, or 3 substituents selected from C;4alkyl,
halo, Cj4alkoxy, -CF3, -OCFs, and -OCHF;; and

74



Exanpl e 224. Infrared Anal ysis The infrared (ER)
absorption spectrum of the crystalline conpound of
Exanpl e 215 (Form 1) was determ ned over the-
frequency range 4000 to 675 em usi ngan Avatar 360
FT- 1R spectroneter equi pped with a N colet attenuated
total ref tien . (ATR) 10 s l,e holdey. _ »
repres @ﬁt‘ SEQC)%% Ivﬁb(eﬁ%’%%){r p’lsisﬁﬁggggrgﬂ %ﬁaﬁ%},égHg-gH%}y& St
the crystalli.ner hEbAaIN bubatifad with 1, 2, or 3
significaﬁ%h% gﬁ%%?@ﬁn%gﬁgg&gfo 6611, 109711, -
125111, 14Btiverntddddcted oM Lalkyh 8810,1C; bB4R1,FCFan@CEs, -
169611 cm 1. Exanple_225: Solid State Stability -
AssessnmentO¢HEampHe§™N5f the crystalline conpound of
Form_l,.. _ ' I : e
16,0 G ER AP RE e o SO allof GRS B B
and 75 % RH. At specific intervals, the contents of a
representative vial was renoved and analyzed by DSC
TGA2. PXROhe spmipoynd offtiaimg d rwherehiRe &8 Cptidty. After
three nonths of storage, there was no detectable
change in the DSC or TGA thernograns nor.in the PXRD
pat ser n. ThB@omRPowtdest Clalm Ruticiein @f is iseprofyd oedrsurpl. €
was 99.5 % Assay 1: Ftadioligand Bi nding Assay on
5-11T4(C) Human Receptors a. Menbrane Preparation
5-H 4r 0) . HEK- 293 ( n ryonkc. Ki acells
st aBl y- t rARSPRRYEY WEW%Pﬁi('@gﬁﬁecept or
cDNA (Bmax = - 6.0 pnol/ng protein, as determ ned:
usi ng CHI OR113808 nenbrane radiol igand bi nding assay)

© wer 8. gr olhe comffod@ofiClaik 4 Wherdbn Rb écCosabky Mdgibengd
Eagl es Medi um (DVEM contai ning 4,500 ng/L D gl ucose
and pyridoxi ne hydrochl oride (G BCO I nvitrogen Corp.
Car ksbad 64, %%Qg dm S YRRk ESABNE REh 10% f et al
bov%s'ne ser umr%g%gﬁ € %)810% nvi trogen %p. . Cat.
#10437), 2 mM L-glutam ne and 30 (100 units)
penicillin-(100 pg) streptonyci.nfel (G BCO- | nvitrogen
Cor B Cihe SoEBROMBS of L Ians 6o GIEBEin Ry TCPY eGP o g ed
.at. 37 i [ 2 Cid -

with 1, 2 o st e B B By e Rl OO and

OCHHE;BCO- I nvitrogen Corp.: Cat #10131) to the nedium
Cells were grown to roughly 60-80% confl uency (< 35
subcul ture passages). At 20-22 hours prior to

har yesti %M&ﬁg_@ MNEGsW th
ser%h}frggefﬁﬁ%%ﬁfwﬁﬁﬁw@?gggﬂ% the ngﬁ%rané
preparation were peffornmed on ice. The cell nonol ayer

was |lifted by gentle nmechanical, agitation and
t ri fur at Thmcanndung of Clgim Awherel®, Cel |s were

col Lected by, centrifugation at 1000 rpm (5 mn). For
thékngégﬁﬁﬁ%hﬁP@paration, cell pellets were
r esxysPeNEed fréint ce-col d 50 mv

4-(2-hydroxyetpy|)-ébﬁﬁperazineethanesulphonic aci d
( HERB®)), -CH@XOR awheneirbR atseC 0Lt epehearh on buffer) (40

noroodh Feiortitin R R gAY e ARl o2 »
X 1Qbshueits sd&ted B8 @?%bhﬁyg,rﬁajélcéﬂ@ oERafigenyiedr@hiophenyl;

centrifuged at 1200 g o mn at 4G The pellet was
di scalge(QNR RievisupiarRds dndrogemand R ligphenyt optmelly g

(20 min). The pellet was washe ce by .fesuspensi on
W CHORRSAANE bbb oA tp o T Coarer e G on
at 40,000 g (20 mn). The final pellet 15 was
resuspended in 50 xnM HEPES, pH 7.4 (assay buffer)
(equivalent 1 T225 flask/1 nlL). Protein concentration
of the menbrane suspensi on was determ ned by the

met hod of Bradford (Bradford, 1976). Menbranes were
stored frozen in aliquots at7y5-80 'C. b. Radioligand
Bi ndi ng Assays 20Radi ol i gand bi ndi ng assays were
performed in 11 nL 96- deep well pol ypropyl ene assay
pl ates (Axygen) in a total assay volune of 400 !IL
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Test conmpounds having a higher pK; value in this

assay have a higher binding affinity for the 5-11T4
receptor. The conpounds of the invention which were
tested in this assay had a plC value ranging from
about 7.0 to about 10.0. 20Assay 2: Radi ol i .
VP 8¢ H3® Assay on 5- HT3A Human Recept ors: 980 sanoci02008s
Det erm nati on of Receptor Subtype Selectivity a.

Menbr ag -B(GOFE IR Biitera29R® {5ty Beredid B adthyeirdgesRO) or
cells stably-tragsfected with human 5- HT3A rgcept or

c DNAneleordbteas e deker i9getber o erp(BHedes3nd R is phenyl or

(Uni Mepsbdy wikreBOsHenyl @P@do%éx}(éH %E%g%%%u&ﬁﬁml Wil or 2

protéin, as determ ned Using menbr ane
r adisobstigents spleeted frgmads salkyl andChalpis were grown in T-225

fl asks, or 5Lar |25 .1 B9 5QY 'S iof. |

Eagt oo VETCIATRNEsy VR Pifpal it shPRow Sy
Car |optiarh]ly @flistitoddd Wil D63) substituSiidéeldatet] Srofal(; 4alkyl and halo;
(A BCO I nvitrogen Corp.: Cat #11765) suppl enented

W t 0% heat inactivated fetal bovine serum (14]3S)

(Hycl ofe-S(ORBENwhéHih RCAE midthyt SR Coplidnalidbstibled with 1 or
uni ts). peni mllm-&gﬁ% Hg@streptonym n/ mlL :
(G Bttt selgeisd Bomlialedendd8e40) in a 5% coe,
hum di fied i ncubator at 37 C. Cells were

grown to roughly 70-80% continency (C 35 subculture
pasd8gesThe mnpposné pEClgim P péeisinbr ane preparati on were

per f,0¢ | Jo:harvest the cells, the nedia was
asp?‘?gﬁg%r%é&g%mb-s{%\}\%%g rinsed with Ca2+, M2-free
Dul Beis sdédeddimsphat e buffered saline (dPBS). The cell
nonol ayer Jifted b t| e echani cal agitation.
Cells éépémo‘ﬁlwgd&dg&ﬂgﬁfﬁ%ﬁgati on at 1000 rpm
(5 m 1p) BbEeauensin RE ehes, dpfionilBEIbsHRtEPREES | ON
foll owed the protocol described above for the

me nEHosREsntR sebrcirdsromy msthyh ehlatoe fuptacandr GFy furpn-2-yL or

Radigdineand;Bihadi ng Assays Radi ol i gand bi nding
assays- wer € ‘per f or ned i‘n 96-wel | pol ypropyl ene assay
pl at e)HO@MNRIRS aihateinR e bydrogannad B iszdenyl pptionally

con .%&h@g“&tbﬁ-ﬁu&gaﬁﬁgane protein in 50 nmM HEPES

pH cont ai ni ng o BSA assay buffer.
Saturation binding studies for determ nation of Kd

val pes t he radj ol i.ga re perforned. usi

{514 rbsicliop il & IR PhER P RS Bl s pRpdh rom:

Bos&-0n {[ (Miopiopl1- b ididazele s ichbenylicrhivo néthyBDiperidin-1-

C/mrtgl) at twelve different concentrations ranging
YW%?&@%@B@-&W&@@ R/ mABYISSEE| acement assays for

det £t palb AR AL RS RlHER - S0 RERy ) piperidin-1-

par oy N bR A o R R g ipridin
yigthePpiperidine beaboxylisacisiphent! estepound rangi ng from 10

e e A T A e e

=

pip&iin-Aiytm &hyl} pivktitiRES mkthyl}dmate; 25C, cont ai ni ng 0. 1%

uHEPHORG FL b el P00 GHS bk G ST ¢ he
benpsyEpRREEnOf yIAR MY MpeatiabeyiedmyDat2R22. Assays were

i ncubated for. 60 mn at roomtenperature, then the
bi RdEvRIonydd &t haeinidaralerbrarboratie acis - kfpun2reahonyh-on
; 2 SN0k HAyibetigd.i | ter plates (Packard
plp%?egfsﬂqcﬁ?%éﬁl 1. , I\/ler?%zen,}} %‘%ﬁd{)’r esoaked in 0.3%
p o RyisaringryéA & rengeimifizp loet-cagbextylis asié { b WitbiopltntBr ee

poes with, fi - 0. U i.ce-.col d 50mV BEPES,

carbtﬁ%isenglﬂ'&iﬁﬁo%tﬁeﬁ ﬁf’r}iﬁeglﬁi% aj' %Eﬁert{lay&f agﬁgg?’i vity. Plates

were dried, 35 pL Mcroscif-20 liquid scintillation

fluid (Packard Bi oSci ence Co., Meriden, CT) was added

to each well and plates were counted in a Packard

Topcmt liquid scintillation counter (Packard

Bi oSci ence Co., Meriden, CIT). Bi ndi ng data were

anal yzed using the non-Ilinear regression procedure
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25 4,500 ng/L D-glucose. (G 13CO Invitrogen Corp.: Cat
#11965). To harvest the cells, the nedia was
aspirated and 10 ml Versene (G BCO I nvitrogen Corp.
Cat #15040) was added to each T-225 flask. Cells were

‘{Zﬁ t&d for 5 mn at RT and then di sl odgeg{@MRass

by " nmechani cal agitation. The cell suspension

mas transferred to a centrifuge tube containing an
equ a2~iwptomﬁeltbbeqapielidvaplwe@ca(r®?@)ic aRBY -HAR-fber-54 f uged

eforty ol Hoyiord o BB R T AR 18

pr e- Mopegyl( 137 E3nzsikiidazbRtd-eabdxyfi¢ #id ({LQARR-fRaro-val ent

i eREm R e ra s By TP R S TR Coul ter
coum {2 gh@ﬂ@engomﬁ&ﬁzofel@éﬂfboﬁﬂ%ﬁmw&eﬁlygpiﬁeﬁ@n—l-

ceII flask) l's were resuspende
H@P%ﬁlﬁ%hcﬁm?afhﬁa@é@% PP in pre-warnmed (370)

St'“yhﬁgﬁd%ﬂIﬁpgéféﬁﬁggégng ﬁqighéﬁﬁé{%[%QEQE$myﬁHﬁ%XBP

and prel nc

pig )@Bﬁ@ﬂhﬁﬁﬁ@ﬁh@ﬂﬂ&ﬁ&&ﬂ%@h0|nnunoassay f or mat
R T e M BRI
pﬂmﬂ&m%&ﬂﬁmﬁwﬂppdmhm4dﬂﬁﬂhymammma according to the

and prErEd SRl sibyetc i 41 Trhorsberion

pif@fiEeMydthyIRHeHfinl ARSI 8nd?5 X 103 cel | s/ wel |
and the fi yq% ‘assay vol ume was 100 gL Test conpounds

wer @haresuisly-AccetEbislts prbtolwins aud Spoisananbercof.
diluted to 400 pIVI into 10 50 ni M HEPES pH 7.4 at
25C, containing 0.1% BSA, and serial (1:5) dilutions
theﬁ2nadéh¢ﬂnmhmnéaﬁﬁhbmﬂﬁ@mﬁﬁiﬂ@b@mwﬁ@@madmuﬂuﬁanion
ass . d mﬁt 1 dlffer . g
conglé t{;f@ 1$°3933Y ?fl’% S YA SR et ietpenigiy-1-
yhpmmjﬂpmmﬂduaasaubanmmm&mdﬁﬂﬂm&ﬁ@&i A 5-HT

con tratio nse.c 10 . pM.to 100 .. Was ., ..
o P B R e roatidetSe captni g g aridin 1

yhﬂ&tbﬁ)ﬁﬁbﬁﬂh@grcaﬁioxﬁ?@cf@ﬁleﬂa@ éﬂeﬁ‘ and the 15 reaction
term nat ed ﬂ%baddltlon of 100 ice-cold

-

()

det édetBpyh %Tca@exy aﬁﬁe{ 1{1-4%ApradbendeyD)
I £al ed and incubated at
pq&%?%%grnlg pip %gg% j@£§i% ct|V|ty was quantified by

SCi plnamnh@utl@zﬁmp@ptahietsyitSwwmwe aplstargiisogetstibereos.
Topcount (Packard Bi oSci ence Co., Meriden, CT). The
anmount of cAMP produced per niL of reaction was
ext tapol Giystallifis mi{[(e-ﬁa@r@&wmaiemwaﬁwmmbonyl)
acco to,. t i nstructjons rOVI
am ﬁﬂ?‘g‘égﬁp @r%? HARAEI ek beby %%P’%‘Eéat%?” solvate
therg@f)l i near regression analysis with the G aphPad Prism
Sof t war e package using the 3-paraneter signoida
dose-response nodel (slope constrained to unity).

noont 1 v oSl o R R R W kg compound

is cEEa@erized by e pewfarctiay difrectivarpatternhaving o a nfuﬁe diffotion

e et G 150842 ASTRPHRI 0Bt o L PO A,

23.4%bency for agonizing the 5-HT4 receptor. The
conmpounds of the invention which were tested in this
assay, for example, in the cell line (1) having a
density of about 0.5-0.6 pnol/ng protein, had a pEC50
val ue rangi ng from about 77 to about 9.5. Assay
4:111 vitro Vol tage d anp say of Inhibition of
Potassium lon Current in Wwole Cells Expressing the
hERG Car di ac Pot assi um Channel CHO Kl cells stably
transfected with hERG cDNA were obtained from Gai
Robertson at the University of Wsconsin. Cells were
held in cryogenic storage until 5 needed. Cells were
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Statistical conparisons between experinental groups

were perfornmed using a two- popul ation, independent

t-test (Mcrocal Oiginv. 6.0). Differences were
considered significant at p < 0.05. The smaller the
percentage inhibition of the potassiumion current in

this assay, 15 the smaller the potential for test
conpaynds The cEReNge: ddagopad bECHim 4 cuhateiadhe crystalline compound

repol ari zation when used as thera eUtoilfﬂ %ﬂf@tﬁ' For .. )
isommgtesized hea difpouind scagning,e profle whichshoys 4 maximum in

tested.i IS assay. at ' o
cufgricealon atorepan By FTAS PR el plo s & Mou las C.
of | ess than about 30 % including, |ess than about

20 % Assay 5: In vitro Mdel of Oal . o -
Bi oatéi | afhé ctygtallGrownmorad aEGhains A3 ashersin shererestalipg compound

t er f . 3 L .
LR LoD Rl T RS LGS pinum i
ex%ﬁ)g.hfjrnglﬁcohéa? BoR RAeSbirBRR Afthefangs af abddni 43i°6t toattioon145 °C.

e at ich test conmpounds in solution perneate
a cell nonol ayer designed to mmc the tight junction

f h Il intesti | i .
S5calbes (herpRaliRaseEs R ool EHfupE compound
0Pt a%({i}?gmfté_om ATCC (Anmerican Type Culture Col |l ection;

o e, MD). For the perneation study, cells were
seeded at a density of 63,000 cells/cn2 on pre-wetted

Mg T colthb apiitiponasnd o Glaim 47 PRl 1 S i Compound
.cylture. Follow sl I : e
a8 U2, £ S o bnd s i
pUAS 250 280akCIdcam hhia 9 142020012 4 pH2G; 12/7d40.08,67t750.20,

Into the diffusion chanber %ﬁost ar; Canbridge, M.
19020126, f2055360.20h At 840 28.sand?ddl5e8d0i nt o t he heati ng

"bl ock which was equi pped with circul ati ng external,
thernostatically regulated 37 C water for tenperature

71 2006412 A8 diREdl QiBh @3HPBENE @ ek fplutichlip effbative
maniX%?ld (% Ivered 950}30 / 5% CQO2 tgo egach h?:ef of_?a
asibliftuSitlenconyanind. of anpnue of Slatm1 fo 1%andaphapmasgutically acceptable
pattern across the cell nonol ayer, which was

- C@fiflactive in reducing the unstirred boundary | ayer.

The pem eation study was perfornmed with test conpound
concentrations at 5 100 gMand with 14CGmannitol to
noni b@r t Aecdniicagiiasylahed meanysmelo&Gaims At 18 for use in therapy.
experinments were conducted at 37 C for 60 mn.
Sanpl es were taken at 0, 30 and 60 mn fromboth the :
donog, and cei v S| treSiERt 652 dEér8er of
anal gked b’@l I—&%sélr"fq %gi%%%%@%rﬁ&?g?iﬁ{grﬁmcount ing for
red88dd BOHRS Withewsbtohnsithal travoircemtmatal.ons.  The -
perneation coefficient (Kp) in cmsec was cal cul at ed.
10In this assay, a Kp value greater than about 10 x |

06 C%S ec4s ¢ ons#%ﬁﬂ%%l%ﬂ]?b? A ief’eﬁ} f diana&ablfected from chronic

bi oatvai | a f:ic(og_lp Ose conpounds of the invention » )
MRS RN EShstiB st Gitipieridniinantasiable bywélaahdrymexdiatisiic eud idiopathic
Kp Vval ues of between about 10 x 10-6 cn’sec and about '
gdstropari€is,Gind e tonapd¥BYPA.  Phar naeoki netic Study in

the Rat 15Aqueous solution fornul ati ons of test
conpounds were prepared in 0.1 %lactic acid at a pH

of bgi weefpah@uipcana vt CaeUDR0 Gor UvBirethSpeatgieat dimitalye bowel
rats (CD strain, Charles River Laboratories, . A
syviftomhe) ghrmic ddhstipation, fassianalidyppapaias dedayRe) SURTRLCIRIEE,
intravenous admi pistration (1V) at a e . . .
aEPRGP AL g Dasv gesttipeiesin pd ot ghipel psoudo
T i gﬁ.o_ I3avkdWanii@ for 1V and 2 nm/kg for
Otf-'"%%g%?nér??s a |glﬁé ZOa);g(eiri al @éood sanpl es were
collected fromaninals pre-doSe, and at 2 (I1V only),

5, 15, and 30 min, and at 1, 2, 4, 8, and 24 hours
post -dose. Concentrations of test conpounds in blood
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WHAT IS CLAIMED I S: A conpound of formula (1): O N
X N wherein: R is C3_b5alkyl, optionally substituted
with -OH, and X is selected from(a) -C(0)OR2 wherein
R2 is Cl1_4al kyl or -(CH2)11-phenyl wherein nis 0 or
1; (b) -C(0)R3 wherein R3 is selected from 10phenyl,
optionally substituted with 1, 2, or 3 substituents

sel ected from G al kyl al g, l -

> Coio. s oFero et oy ne §F CRUP Ko |8 fOF hengfichide of a

-didioht for T @&ﬁ&h%f%ﬁdi&l @bnditic) theAohdities beip eelected from
u

rom am no, nny', 15t hi ophenyl, norpholin

yl )
irriistile Biwelrsghdromayhropy couktipation, swnttinagh Hyspspapydelayed gastric

e AR o e g 1B vstion
fi - |, halo, G alkoxy,
bk gl Tl ony

wherein R6 is hydrogen or G _3al kyl and R7 ‘is
hydrogen, -OH, aor Cl_3al kyl; or R6.and R7_taken

t ogedher A@ppﬁsammpar@@%@lﬂwaﬂafﬁgn}ﬂé Bhenyl or
cycl ohexyl, wherein phenyl or cycl ohexyl are '
optionally substituted with 1, 2, or 3 substituents
selected from G al kyl ,- hal o, Cl4al koxy, -CF3, -0CF3,
-OCHF2,” and -CN, 25(e) -C(0)C(HR9)0e3 wherein RI is

_hydrogen or C2.3al kyl, -and Rl is phenyl optionally

substituted with 1, 2,  or 3 substituents sel ected
from G 4al kyl, halo, Cl1_4alkoxy, -CF3, -0CF3, and
-OCHF2; and (f) -S(0)2R11 wherein Rl11l is selected
fromG _3al kyl, -CH2-phenyl, 2,4- dinethylisoxazolyl,
and phenyl optionally substituted with-1, 2, or 3
substituents selected from Cral kyl, hal o, Cl4al koxy,
-CF3, -0CF3, - OCHF2, and -CN;, 5or a

pharmaceutical |l y-acceptable salt or solvate or
stereoi sonmer thereof 2.The conmpound of Claiml
wherein R1 is C3_5al kyl 3. The conmpound of Claim 2
wherein RL is isopropyl or tert-butyl. 10 The
conpound of Claim2 wherein X is -C(0)OR2. 5.The
conmpound of Caim4 wherein R2 is Cl_3al kyl or

phenyl . 156. The conpound of Claim2 wherein Xis

-C(0) R3. 7. The conpound of -G-aim 6 wherein R3
is phenyl, optionally substituted with 1, 2, or 3
substituents selected from C _aal kyl, hal o,

C _aal koxy, -CF3, -0CF3, and - OCHF2. 20. 8.
The conpound of Claim2 wherein Xis -C(0) NRARS. '

9. The conpound of C aim 2 wherein:

78a
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Rl is C3_4al kyl; and 25Xis selected from (a)
-C(0)OR2 wherein R2 is Cl_3al kyl or phenyl; (b)
C(0)R3 wherein R3 is phenyl, optionally substituted
with 1 or 2 substituents selected from Cl_4al kyl ,

Wl 2006/18738s - CF3; furanyl; or thiophenyl; PCT/US2006/020085
(c) -C(0)NR4R5 wherein R4 is hydrogen and RS is

‘phenyl optionally 30substituted with 1 or 2

substituents sel ectely from Cl4al kyl and hal o;

(d) C(O)C(Rne) IS dgen and R7 is

hydr ogen, - | ] ndj R7 taken together

formoxo or - 2- N and ptrenyl or cycl ohexyl.,

wher ei n phenyl OHN cI ohexyl are optionally

substituted with 1 0R12 substituents ggl ected from

CI4aIIcyI and hal o; 5(e) -C(0)C(BR)Q0 wherein RO is
ogen or nethyl and |le is phenyl optionally

sub gﬁ??whg sel ected from
cl4 an t{bn%llﬂ ggﬁﬁ&@%&wg‘%@mz 11 wherein

Rllessevie:ttétyﬂ'omr phenyl optionally substituted with

Lo RO R S R Ao

|sopr qpyJC(o)I(3tvﬂ{drclef}dscle&BdiﬁMS selected from (a)
-C(0)012.2 V\hereln met hyl_ or. phenyl .. 15(b) -

- C(0) le wHiay ﬂﬂf}’saﬁ% CP Xr&b&%ﬁaﬁ% E‘HB@% ?e%eﬁ%&"’m
with 1 or 2 Qaiklyi Hﬁﬂt@.ﬁ&bﬁﬁt@ﬂs o cry 4mEt-OrHF,,
chloro, fluor, and -CF3; furan-2-yl1; or

t hi ophen- zcvilkyland (c) -C(0) NR4R8 wherein R4 is

hydr ogen d nyl optionally substituted with

1 fluoro gc? C’LFOQJ%I%% 11. The conpound of Caim

2 wherein {@Ié;}g—@nwhemninis%ll@uﬂéoﬁsﬁdmdﬁ‘om furanyl,
4-(4-{[(2-is 1H- e oIe4car V. '
no] net hyl | p| ﬂﬂrﬁ% f%% (glflﬁganr?(e’ F%ggb%’h enyl
aci d net hyl %%ir@lyi, t&o{nérphohnyl, pyrrohdmyl p:pendmyl, oxoazeudmyl,

2- 1-1H-b ds7ol e
oo e o I gt o

1- car boxyl i Cdﬁﬁéﬂymg%i ester;
2-i sopropyl - 1t+ penzoi m azol e- 4- car box |ICR?CI d-

(141- (Q-CHORRIBEmhowR 5 hrdrpgsmer 41 A9 Ry is phenyl
pi perl di N ﬁﬁowgugﬁthte@ tﬂq 2, 053 substituents selected, ﬁ(rjom Craalkyl,

2-1 soprop benzol m dazol €-4-car boxyl'ic aci
{141- ( 2, 4hath, T, yalkatye AZHY MCHemiddOCH 2y | i net hyl i pi peri

din-4

-yl A ; de; . - ) 7.

302- i YR O IRD B Bt s Brirosnos Pl o Ky s
{141- (g ur-gH, 2}19 F’y(#)o or Rﬁdmd R’ fOlim -(crljz)lz- and R® 1s phenyl or
plper||n4 yTler||n4 met hyl }

2-i sopr opW 1£ye) 0@%9?# stiuted with
{141-(thi from C hal Cy.4alkoxy, -CFs,
car bonyl )%?beru (}‘%ﬁhtﬁ ytf%eé?cﬁed mﬁp%ﬁ i T4 DXB;/I} :
am de; \WOCTFRGOYCQIRRZSARPCMUS2006/ 020085

{2 ;I. I4?_ ??eé g@{@?ﬂg.ﬁwb %8]3&7@ i hﬂ‘dfggeﬁk%)? é}l.la 8518'1, Ad /10 4 phenyl

trifluor mﬁbﬁaﬂbb&mb@mﬁi 2liom 34ubstitvents ydlddedfam i sakyl,
4-yl met h

2-i sopr oé’;?wll a@kﬁaglé?ﬁmqg:‘d’%f‘eanﬁl O e@i ¢ acid

{ 141- {FP-doyMT* wherein R is selected from Cy_zalkyl, ~CHp- dphenyl, furamyl,
phenyl car bam)y[?m peridi n-4-yl net hyli pi perl i n-4-vyl nae
t hyl ) -ami thigpheny: morpholinyl, tetrahydrofufanyl, pyridinyl, naphthalenyl,

54- (4-{1 tlg% ld{nSH 1)
-am noj - %FF@F %g%gﬁgﬁh’l B gﬁéﬂ]ﬁy‘ﬁbﬁ%ﬁﬁ%ﬁy
yl met hyppi peri di ne- 1- carboxylic acid nethyl ester;
2-tert-butyl -1H benzoi m da%%l e-4-carboxylic acid
{141- (2-f 1l uoro- benzoyl)- piperidin-4-ylnmethyljpip
eridin-4-ylnethyl} am de;

2-tert-butyl - 1H benzoi m daz, ol e-4-carboxylic acid
(111- (3- et hyl -benzoyl)- 10

pi peridin-4-ylmethylipiperidin-4-ylraethyll am de;



pi peridin-4-yl methylipiperidin-4-ylnmethyl} am de; and
phar maceutical | y-acceptabl e salts and sol vates and

st ereoi sonmers thereof 1512. The conpound of Claim?2
wherein the conmpound is selected from

Woldsfii®B- i sopropyl- 1H benzoi mi dnol e- 4- car b8AYU$204¢/430085
no] met hyl } pi peri di n- 1-

y! )l et ) B R S IS ROt 2 Mot isosmmoty, and

{[(2 tert -dapdyyd édﬂaﬁﬁ%@ﬂumeakﬁﬂaql £of 3 CHHRBYML eI BT Im
|nethyIIp|per|d|n- -

yl net hyl ) ghpdkildhaie q:-«i@é‘i”ﬁ’o;@ﬂsi ©oi-QCHE lagdl €Vt er ;
or] 4%&;4%13% CGHEIE DAQk TNAE Of SardibHoP B Gueffibdlss

5 cqmpgisingdi n- 4- yl net hyl i pi peridin-4-yltnethyl| an de;
- and pharpaceuti call vz,acce bIe salts and sol vat es
G 4 HePER

and YFEFEE s Tmpoun 13. Crystalline
4- (4-{[(2-isopropyl - 1H—ben20|n1dazole 4-carbonyl)- 25

an1no]nethy||p|per hyp ridi ne-1-carboxy
ﬁnpoun n113 mhereln t he

lic acid nethyl
14. The crystall
~crystalline conpound4i s characterized by a powder
x-ray diffraction patgern having two or nore
di ffraction 30 peaks at 20 val ues sel ected from
15.0810. 20, 15, 4110. 20, 19. d&l0.20, 19.7010.20, and
#% &8H8melbs forkmila (1) CT YSt al 1 i ne conpound of d aim 14,
mhereln the cryst. i ne conpound is characterized by
10 a differential scanning cdretinetry profile which
shows a maxi mumin endothermi c heat flow at a
tenperature in the range of ‘about 146 C to about 148
w&@n@ﬂlﬁl&hﬁggﬁm@;alline compound of Cl aim 13, wherein
the,.crystalline compound is _characterized by a
di f e compy f’%’é‘ldéiYWQt ry profile which shows
a maxi mumin endothern1ccheat flom1at a tenperature

in the range of about 14: bout 145 C. -
17. The crystalline @ aim 13, wherein the
crystalline conpouni~i® Hydr at e. 18.-

The crystalline conpgin of Cla|n117 wherein the
crystalline conmpound Is haracterlzed by a powder
x-ray diffraction pattern'having two or nore
diffraction peaks at 20 v@lllks sel ected from

12.7410. 20, 17.7510.20, 15
15 ““ﬂ%%‘.}‘i’g%"ég‘} ’,zf"%‘ﬂ%g%@zo 21.1310. 20, and 27.0510. 20.
19. A pharmaceutical co ion conprising a
therapeutically effec ,ﬂg{éggmﬁx of the conmpound of
any one of Clainms 1 t¢ 18 a pharmaceutically

~acceptable carrier. : ¢xam 20. A conpound as
claimed in any one of C ains 1 to 18 for use in
therapy 21. The conpouwrd of C aim 20 for

ol

|€§Q%Fk’%; gaéi 0|H?egvﬁﬁgﬁe:rgitrfgu;eganwal

22. The conpound of C aim 2® wherein the disorder is
sel ected fromchronic cg ' i on, constipation
pre-domnant irritable (@indrone di abetic and

i di opat hi ¢ gastroparesisg d functional dyspepsia.
23. The conpound of C a0 for use in the treatnent
of irritable bowel 30 syndr , chronic constipation,
functi onal dyspepsi a, deIQvgp gastric enptying,
gastroesophageal reflux di's€ase, gastroparesis,
post-operative ileus, intggtinal pseudo-obstruction,
or drug-induced del ayed transit. 24. Use of
a conmpound of any one of Clains 1 to 18 for

manuf acture of a nedi canent for the treatnment of a
nmedi cal condition, the condition being selected from
irritable bowel syndrome, chronic constipation,
functional dyspepsia, delayed gastric 5 enptying,




5(a) -C(0)0OR2 wherein R2 is Cmal kyl or
-(CH2), "-phenyl wherein nis 0 or 1; (b) -C(0)129
wherein Rs is selected from phenyl, optionally
substituted with 1, 2, or 3 substituents sel ected
from Cmal kyl, hal o, Cmal koxy, -CF3, -0CF3, and
with Ceompounti®oragyle 0BNHKyl , and - (CH2) m A wherein mis
Oor 1 and Ais selected fron1furany t hi ophenyl ,
nor phol i nyl, tetrah d%nyl
naphthalenyl, pyrr ol d, t I nyl,
pyrrolidinyl, piperidinyl, oxo ze |dinyI, _ :
t hi azolidinyl, 1,1-dioxo isotdraygolidinyl, and 2, 4-
15d|nethyllsoxazolyl (c) -C(0)NR4RO wherein R4 is
to Bydidgedon@ioutdl of B(ﬁ'hiuta/ﬂ) ofa phifmacsutivhityrydceptablesalia bt solvate or
substituted with 1, 2, or 3 substituents sel ected
stereadsan@I 4ker¢sfl | hal o, Cnal koxy, -CF3, -0CF3, and
- OCHF2; (d) -C(0)C(R6R7)R9 wherein R6
I's hydrogen or Cmal kyl and R7 is hydrogen, 20-CH,
G __s2d Ky A pidteseos propari¥e Bdusngsind of formgi(@) 2-; and RS
is phenyl or cyclo %ex |, wherein phenyl or cyclohexyl
are optionally substi uted wth 1, 2, or 3

substituents sel ee & o, Cmal koxy,
-CF3, -0(23, -OC and \hizgé
-C(0)C(HR9)012.1 3 ogen or
C _3al kyl, and Riy s{phenyl 250pt|onally substituted
with 1, 2, or 3 substituents sel ected f(ﬁn1CnaIkYI;
hal o, Cmal koxy, -CF3, .-OCF3, and - OCHP2;*“and (1)
whered(:0) 212. 11 wherein R | is selected from G _ol kyl,
- CH2- phenyl, furanyl, thiophenyl, norpholinyl,
tetRéhwﬁkﬁﬁkﬁznm¢l, pyri dinyl, naphthal enyl, pyrrolyl,
t hi pyrrolidinyl, pip eridinyl,
oxoggpﬁg- ﬂ%ﬁ%nlvw)2006/127815PCT/1J82006/020085
thi aZ%nLQi OYR? wherkifiRO¥OcleRidF@g0! i di nyl
2, 4-di téyllsoxazoly and phenyl optlonally

subst i t ut epheniyl, loplionally swbstdutedtysithi 1. 2ent 3 sehstiwente aelected from

from Cl4al kyl

and -CN; or acpﬁgkﬁ%héﬁt#bﬁﬁ%?yagigﬁiéﬁpemg%fﬁﬁﬁﬁ
sol vat e or =g oi soner thereod4 the process 5
conpri si ng: % %;‘ Teacting a conpound of formula (I1f):

0 wth a Cogpceatktyhfanfiornmula (111): 10L-X Cm)
wherein L is | eaving grou actin co d
offmnmaﬁﬁﬁﬂﬁW@m@W%Q%L&%%%ﬁ%%ﬁm%ﬁ%ﬁi
(Xi11): pm Al Aty GRTR fiinyl, naphthaleny]
fonmla(VU:mg%¥%ﬂ#%¥ﬁ %M%h v 8 byflinyl, nap . s
pyrrolyl, thiomorpholinyl, pyrrolidinyl, piperidinyl, oxoazetidinyl, -
thlazohdmyl 1,1-dioxo isothiazolidinyl, and 2,4-
dmethyhsoxazolyl
(d) —C(O)C(R®R™)R® wherein R® is hydrogen or Cy.salkyl and R’ is hydrogen,
-OH, C,.zalkyl, or oxo0; or R® and R’ form —(CHz)z-; and R®is phenyl or

cyclohexyl, wherein phenyl or cyclohexyl are optionally substituted with
1, 2, or 3 substituents selected from Ci4alkyl, halo, Cj4alkoxy, -CFs,
-OCF;, -OCHF>, and —CN; and

81
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are optionally subs

80 wth a compound of formula (XIV): H2N71' 1) ( OCRO
to provide a conpound of formula (1), or a
pharmaceuti cal | y-acceptabl e salt or solvate or
stereoi sonmer thereof. 5 26. A process for preparing a
conmpound of formula (1), O g'vh‘x wherein: R i%O .
C3_5al kyl c(@RIOIOR" slerst RYid eh)or €4AkR3and R™ is phenyl
wher ei @ﬁg(l s sel ?eéglt%ed from phe}(r???g, optional l d

B

) y
subst i t ut esptiohdlly sibstintedwith ke ot titusnis spleeted from Croealkyl,
fromG _aalkyl, halo, G a 0X = ,. -0CF3, and
- OCHF2, ~ G haigh Cryplkoxsh .%C@b%bf?(‘fjé?fﬁé’nd (CH2),, . -A

~or fx’ﬂﬁ%x%%agﬁ i c'aﬁ}zf%%%gfa%leasﬁﬁ AsbiFars & 8etedtofkPihRrebl B Wocess

inyl, tetrahydrofuranyl, pyridinyl,

comgkingal enyl , pyrrolyl, thiomorpholinyl,
-pyrrolidinyl, piperidinyl, oxoazetidinyl, '
t hi a@@tln%lﬁﬁwpo@dlflfé?@éa ot hi awl i di nyl, and 2, 4-

20di rnet hyl i soxazol yl ; g(d) -C(0)C(R6R7) R8 wherein R6
I's hydrogen or G _3al ky{l and R7 is hydrogen, -OH,

C _sal kyl, or oxo;j
i s phenyl or cycl

and” R/ f orfm -NHCH2) 2-; and R8
|, Hwhéceim n or cycl ohexyl
i tNted with 1, 2, or 3 :
substituents sel ecHEd*(f rom Cmal | cyl, hal o, Cmall coxy,
- CF3, 25-0CF3, -OCHF2,Rhnd -CN; and (e) '
-C(0)C(HR9) ORI wherein R9 is drogen or Cl_3allcyl,
and RI' is phenyl optionally stbstituted with 1, 2, or

R SR ST a0t [F3 or a

phar maceuti cal | y-acceptabl e §alt or sol vate or
stereoi soner thereof, the pyocgss 5 conprising:
reacting a conpound of formula (I11): wth a conpound
of formula (I1V): 10HO X (I&Vwherein X is selected

thgrr@%)n}g'ﬁg Egelg(eptgf gf?)%qqu]%é C%R?R éﬁ;’ﬁé(&rﬁm@)‘bﬁm % {Jl%%id% a corﬁpound of
h Ut . . ] o
for%y%{@g(?rgaﬁgﬁﬁ eﬁh@ﬁﬁ%%@e S8k br MvaAObVateoi8mer thereof.

er eo A conmpound of fornula

(rr)y: o
27. A compound of formula (IT):

O . -
N NH
H N |

N - |

HN-—{
R1
)

* wherein R is Cs-salkyl,

or a salt or stereoisomer or protected derivative thereof.

28. A process for preparing crystalline 4-(4-{[(2-isopropyl-1H4-

benzoimidazole-4-carbonyl)-amino Jmethy! } piperidin-1-ylmethyl)piperidine-1-carboxylic

acid methyl ester, the process comprising:
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0-0 wherein Rl is C3_5allcyl, or a salt or
stereoi somer or protected derivative thereof. 28. A
process for preparing erystalline 444-\W2-i sopropyl -

© ET

" benzonni dazol e- 4- carbonyl) an1no]nethyIIP|Per|d|114

| Pi Pe
t ne U OPESTecEl | gt T den Rl b P ©"
amﬂroglﬁeiﬁlﬁ}%rﬁeﬁ@ﬂ[ PRYABYhRBETRAM -@%@kﬁre“ac‘i‘@ﬁl@@@}/ dster in an inert

am nol e eri din-
dildeny Bﬂmtmmmwetuommb tthem cydohiexie, and ethpletchipe instpgeportion of
i n an, t d|| | ect from nitri
berRP OO P TE S Gt ST B £ PR Biinls frcabons)-
oGl pHEYESIH-AMRLE A ARG (i cid et e e
mildibrien of didedny td foiper mditere} and met hyppi peri di ne- 1- car boxy

For i al iy RedpmiSiy o Seportey baM B ity b Tt Gropropy-

IH%?%%%?O%#&) ﬁ%@%@ﬁﬁ%ﬁl&hﬁh eH&m— 1-ylmethyl)piperidine-1-

carffotyéic 4eidanidibyiedder.am no] net hyl |

plperldln | - yhnet hyDpi peri di ne - rboxylic Cld
met 7| e%tpévcesqgwrwaapseafé@ﬂfr@ﬁ Gr’:[é%fw@w -

be é%r;igiézjr% e- dg ? %oﬁgl)%gkr%o& %%gﬂn?{ d]:l'lth-tyrlim?tlhyl)plpendme 1-carboxylic

mn@hﬁﬂﬁldﬁﬁsﬂmthﬂkbmﬂnp@ﬂﬂgd|ne 1- carboxyllc aC|d
nethg ester, the iyocess caonpri si ng
¥

qa@mm-sﬂ@pf@a 1H1W@ﬁéé¢mi%ﬂﬁ¥bp@dlwr%@)@md& 4

ylm%ﬁ')fygr rry o Toleglf n}élp%) i&ng}ﬁl 2 Cxqrgcé ac lester Ling polar aprotic

dilengol ar aprotic 15 diluent; (b) addlng
acetonltrlle whil e dlstllllng the product of step (a)
(b pdsiiee adeeonyailewhip distiflingdhe prodictiof stept(mo gesavecthe polar

| apf(?’% <TEE: s modar NP ReR o of Ostep (by i

Al tarecma@fetsfd@te i@ mfe dheliues v Rhgub) RO
d a%lg faa e 4-{ [(2- )

' aceﬁosﬁpk@éy Eomanbehtzmbﬁb@‘a’@@l ghamt é%nmbb&hm}; Laningof elthij (2

sorf Rl e Y PR S L P e

yhnbﬁ?nﬁ@a&@ih@ﬁéﬁfrﬁé@u@ RbidirRctHyISERE Y& hilklitees] MAe@nitARGt a

cooling the m'xture of step (c) to a tenperature
tempéraioe fmfﬁeenﬁtardlﬁbb@tthefﬁ@ucmﬁr ovide crystalline

A AR 9 BPABIR offeP S Ao Y ApIs oF M A S AR 20 °C o

proWié g?@gllﬁﬁe 'lﬁ(‘fihg[kz SShRIpy 1@@1 bABSTRRACEI ST RS LLRRNT i ON

rel to ben rnldazole car boxam de 5-HT4 receptor
amianjoritlst } réperjabar dgnethyl pipenideef 1-FarbdkytistacidRiethjleaster.n

RI and X are as defined in the specification, or a

pharmaceutically acceptable salt or solvate or

stereoi somer thereof. The invention also relates to

pharmaceuti cal 10 conpositions conprising such

conmpounds, et hods of using such conmpounds to treat

di seases associated with 5-HT4 receptor activity, and

processes and internedi ates useful for preparing such

conmpounds. The invention further relates to

crystalline fornms. of a conpound of fornula (1). 15
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