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WD 2007/ 062058 PCT/ US2006/ 045099 5 CARBANMATE
COVPOUNDS AS 5- HT4 RECEPTOR AGONI STS 10 BACKGROUND OF
WO 7IRRMERTI ON 15 Field of the Invention The PavRIS2I06/45099
is directed to benzoi m dazol one- car boxam de-deri ved
carbamate conpounds which are useful as 5-HT4
receptor agonists. The invention is also directed to
phar maceuti cal conpositions conprising such conpounds,
met hods of using such conpounds for treating or
preventing nedical conditions nediated by 5-HT4
receptor 20 activity, and processes and internedi ates
useful for preparing such conmpounds. State of the Art
Serotonin (5-hydroxytryptamne, 5-HT) is a
neurotransmtter that is widely distributed
t hr oughout the body, both in the central nervous
system and in peripheral 25 systens. At |east seven
subt ypes of serotonin receptors have been identified
and the interaction of serotonin with these different
I eCepICARBAMNATE €D MPGUNDEASS-HILRPEEPTOR AGONISTS
physi ol ogi cal functions. There has been, therefore,
substantial interest in devel oping therapeutic agents
that target specific 5-HT receptor subtypes. In
particul ar, characterization of 5-HT4 receptors and
identification of 30 pharmaceutical agents that
interact with them has been the focus of significant

recent activi t)BACﬁQ:ﬁKOﬁQ@D%FPﬂﬁEaIN\@NTQ@)WW by
Langl oi s and Fi schneister, J. Med. Chem 2003, 46,

319-344.) 5-HT4 receptor agonlsts are useful for the
E ¥ﬂ£1%$L§|sorders of reduced motility of the

gast rieFhRtioN 3¢ diréAEd to BEAEBirkidARII188E-8arbBRAHIIR-derived carbamate
irritable bowel syndrome (IBS), chronic constipation,

cempewndsyshich peeyssiilas SdaT ajreapigasgenistse kpe yivegtions also directed to
R B

c@ﬁﬁbwﬁﬁ(fﬁﬁh‘&ﬁﬁ@&ﬁ' prgmndg -nmdzahd:al eohditions mediated by 5-HT4 receptor
Lu uced delg% Eﬁ#ﬁ bg ddi ti on g has be
AT Gt S Une B DT PIRRB e

may be used in the treatnent of central nervous
system di sorders including cognitive disorders,
S di sorders, nood disorders, and disorders

of ¢ @E}Jt&llmqg -1k hGnfikg GELHQ‘? is én%ﬁ&bﬁs@nlhglethgf ﬂaﬁdely

utl|lt% phaf macéuil cal agent$s nodulating 5
distritape thrownowthe;bodmelwtb inHhe qee@ebmvomﬁem and in peripheral

sFRIRE URIRea vl sty gls 6 serdtchif e dRpRIERIve been identified and the

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

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

In particular, characterization of 5-HT), receptors and identification of
pharmaceutical agents that interact with them has been the focus of significant recent
activity. (See, for example, the review by Langlois and Fischmeister, J. Med. Chem.
2003, 46, 319-344.) 5-HT4 receptor agonists are useful for the treatment of disorders of
reduced motility of the gastrointestinal tract. Such disorders include irritable bowel
syndrome (IBS), chronic constipation, functional dyspepsia, delayed gastric emptying,

gastroesophageal reflux disease (GERD), gastroparesis, post-operative ileus, intestinal

1



Accordingly, there is a need for new 5-HT4 receptor

agoni sts that achieve their desired effects with
woio7vaLossi de ef fects. Preferred agents may pOBEEAS2006/045099

anong other properties, inproved selectivity,

pot ency, pharmnmacokinetic properties, and/or duration

of 10 action. SUWARY OF THE | NVENTI ON The i nvention

provi des novel conpounds that possess 5-HT4 receptor

agoni st activity. Among other properties, conpounds

Qé dégqeols.t/rg(\!% ?%dggeey %f ougtq'ggn%tb?%a%(? {18 t Has been suggested
theat sqmE ISGHTDfeceﬂ)tm agnmsttdoﬁ{polilﬂ&@rrhs? ®8 ubediitthe @re@@ﬁliﬁdﬁ of central

favorabl e har cok netic properties which_ are
nﬁ?’\éﬂ? E’fSt%% i‘{ﬂl%e%e}l%‘fpﬁ qiserglers, Behayjospl disorders, mood

didrien, aha aldoedbrs 6@66?&1‘31 B%Mtonémc ﬁﬁi\éﬁ&&' on provides a
corrpound of formula (I): N'(~b 0--'"-N R 4 R3

5  ~NH (espity thy bread utplity e @hennacemtwal @gmts modula@ngﬁam“y kgceptor
|
05710 et 08 B LS RT fr,
Ci Saﬂdcyfdmgymhelream alnlegfd sorgeint § M’Hdeu%%ﬁz ag?n%%ﬁl\lgﬁ%eve their
3al k 4
des‘?%i et A S lal S O Rsisr et pe b t1oY OS5 o other
pRpenind, Bﬂprb@@ﬁ&dﬁéﬁtlv‘ﬁyt Potbhy, BhireeRindtio B (J;p@rth‘JgI ﬁ{lilor duratlon of

they are attached forma noiety selected
10 ag¢Hfrety of fornmula (a): i c

SUMMARY OF THE INVENTION
The invention provides novel compounds that possess 5-HT, receptor agonist
activity. Among other properties, compounds of the invention have been found to be
15 potent and selective 5—HT, receptor agonists. In addition, compounds of the invention
have been found to exhibit favorable pharmacokinetic properties which are predictive of
good bioavailability upon oral administration.

Accordingly, the invention provides a compound of formula (I):

20 wherein:
R! is halo or Ci.salkyl, wherein Cj.zalkyl is optionally substituted with hydroxy or
halo;
R? is hydrogen or Ci.salkyl, wherein C,salkyl is optionally substituted with
hydroxy;
25 R’ is C).salkyl or hydrogen;
R* is -(CHy),.;C(O)NR°R®,

o] o)
~§\(:§§3 , or '€"<::>£b ;
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NR5 )d (a) 5 (ii) a nmoiety of formula (b): r-+) e

AN \--/ (1) ; and (iii) a noiety of formula (c): _~. N
we207/06205§c) wherein: 10 R5 is -OC(O NRaRl , PCT/US2006/045099

-C(O NRaRb, -NRdS(O) 2Ci1-3alkyl, -NRIC(O R,

-NRAS(O) 2NRaRb, or -NRIC(O ORe; R6 is -C(O Rf,

-(CH2) 20R5, -S(O 2NRaRb, -S(O 2Cl-3alkyl, or -S (O2

(CH2)1-3 S (O2 C1I -3 alkyl; Ra, Rb, and Re are

i nd
or

ependent|y hydrogen or ClI-3alkyl; 15 Rd is hydrogen

su bgf b gﬁ%ﬁ%ﬁ}‘,\}olgﬁ %ﬁvgt}l%? n&ﬁggp 3{0%1 9@%0@1%1&%3:3 attached form a

mbﬁéﬁb’mﬁedﬁ)nﬁal kyl , tetrahydrofuranyl or -NRaRF;, R$

i s hydrogen or 3al

1,

2;
is
pha
ste

ty isO,Ior 2; bis 0,
2" or 3D C,gr@omtlyogpngua ‘s 1 or2; and eis | or
25 provided that when c isg O zthef d is 2, and RS
-C(ONRaR'; and when c is 2‘% dis 1; or a

rmaceuti cal | y-acceptabl e salt sol vate or

reoi somer thereof. 3 WO 200# 062058
PCT/ US2006/.045099 Thetj nventjon al so provides a
phar maceufical 2BASH P’aﬂulécgh)pn sing a

6
i New
_/
(b) ; and
(iii) amoiety of formula (c):
4 7 N\A°
N S\\o
©

wherein:
R’ is -OC(O)NRR®, -C(O)NR®*R®, -NRYS(0),C).3alkyl, -NR*C(O)R",

-NRYS(0);NR°R?, or -NR*C(O)ORS;

RS is -C(O)Rf, -(CH,),0RE, -S(0)zNR°R?, -S(0),C;.3alkyl, or

-S(O)z(CHz)l_3S(0)2C1.3alky1;

R? R®, and R°® are independently hydrogen or C.;alkyl;
RY is hydrogen or Cyalkyl, wherein Cy_jalkyl is optionally substituted with

hydroxy;

dis 1;

R®is C;.salkyl;

Rfis hydrogen, C,.salkyl, tetrahydrofuranyl, or -NR*R”;

R3 is hydrogen or Cyjalkyl;

ais0,1or2;

bis0,1,20r3;

cis0, 1, 0or2;

dis1or2; and

eislor?2;

provided that when ¢ is 0, then d is 2, and R’ is -C(O)NR®R®; and when c is 2, then

or a pharmaceutically-acceptable salt or solvate or stereoisomer thereof.

3
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conmpound of the invention and a

phar maceutical |l y-acceptable carrier. Further, the
wOonvEv2038 provides a nethod of treating a di SE@TAISBI06/045099

condition associated with 5-HT4 receptor activity,

e.g. a disorder of reduced notility of the 5

gastrointestinal tract, the nethod conpri sing

adm nistering to the mammal , a therapeutically

effective anmount of a conpound or of a pharnaceutica

conp cmventlona.fs T vgvent t ? %ﬁgunds b mb

i nventron can arse e ﬁ%%a ?glalpgléécé’ gpropoBien C?mB“SIP%a
coipoiyhd difithé figiefitibn s:y@hgﬁwceﬁmmﬂyea&ceﬁablé @hrrﬁefr udyi ng

the actjvity .of ofher chem cal ounds.

Accof arti% le ipgerdiogynravidss a .meéh%? t‘@éﬁé@ff@s‘? pheondition

adsO¥BRIIvAih mrm x@eéptar ARiAge. gfaHébHQr @fﬁeﬁ gtlﬁ{y of the

formula (1), or parrraceutlcal yaccepta
gasprojriewingl trgftteihemi@tbﬂda pompnemg @ﬂmlmsteang @s&amtxnmah Ia

I .
PR BB LR, 33 o ppgoson o

imvenyon. SI ng contacting a b| ol ogi cal system or sanple
nd determnin

mnth un the i nvention g fhe

ef f e glé‘b‘gb‘iljtl‘ﬁ IVERHER, LA Isey %6 HsqdRs 15551 dgioels 1.e. to study
bﬁ)Y@él@ﬂb?d’tetﬁéaléaﬁnple o‘im@&ﬁnéﬁf& 44hiS Tty BEbiRs Ql?éiﬁb%al compounds

the i nvention al so prOV|des synt heti c processes

Acperdingby il peethercafits methor aspicts, thehinventineprogidesih nietﬂnod of using a
o3RI A RARINEPs Bl S RLL BTN EON, Bresisome

theegod] a3 o wseardOtond foristudyinl € biolddienl apstemag sumble @rsfot hﬁcovenng
ound .of .the . nvention in the

a Co
ndy ST sERGL RETISF. e droLp oG Fuleing APigIGwaL systom or
sdtiple Qﬁdi 4 t(ﬁﬁp@ﬁm tBé @thentibh Hn@déﬁﬂnﬁxﬁ?geﬂﬁ& QFfedtS chideti Yoy the

or der reduced nDtlllty of the
cgag?w@. ‘z‘gtbiﬂaglcalt sygfem of $20pleranmml . 25 DETAI LED
DESCR &hhtahé &%a dibtnd MBS, GO\ iH8ndi v a8s eﬁﬂicﬁfs%gﬁtﬂgﬁc processes

novel benzoi m dazol one-carboxam de- der | car
argl rmediatgstdsscrihpdriiestin, which@rerusedul(fby preparing compounds of the
i ceutically-acceptable salts or solvates or
stereoi soners thereof. The foll ow ng substituents and
val u@be arvention elsd@dotidegd cothpeund dffihe fnrhabn ¥edescribed herein for

exanpl £s various_aspects of this invention. These
e B Bt Biordid. oS GUSR B0 wieeoh 4 oSS thaiPUeon in the

mABhfaBRrSHICNfRMRREIR e défndR tor t?éa@ﬁ%%%ﬁé&s@&%diﬂﬁlon associated
other values or limt the scope of e 1 nvention

WHBSCHT ) FecaRigra¢tivipt eigha dilSWlﬁﬁtOif sefuced mogilinapbthe gastrointestinal

tréck; ,%aj,lﬁxllnma@r R1is fluoro, chloro, brono, or
et hyl . VWD 2007/ 062058 PCT/ US2006/ 045099

DETAILED DESCRIPTION OF THE INVENTION
The invention provides novel benzoimidazolone-carboxamide-derived carbamate

5-HT}4 receptor agonists of formula (I), or phannacgutically—acceptable salts or solvates or
stereoisomers thereof. The following substituents and values are intended to provide
representative examples of .various aspects of this invention. These representative values
are intended to further define such aspects and are not intended to exclude other values or
limit the scope of the invention.

'In specific aspects of the invention, R' is halo or C,_alkyl; or R* is fluoro, chloro,

bromo, or methyl.
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In a specific aspect, R2 is hydrogen. In another
specific aspect, R2 is Cl_3al kyl, wherein Cl.3al kyl is

wopbi7maAisBy substituted with hydroxy. In yet BODIISEI06/045099

specific aspect, R2 is hydrogen or Cl.3alkyl. 5 1In

ot her specific aspects of the invention, R2 is nethyl,
ethyl, propyl, or isopropyl; R2 is ethyl or

i sopropyl; or R2 is isopropyl. In specific aspects, R3
is Cl_3alkyl; R3 is nmethyl or ethyl; or R3 is nethyl.

nor ARBSBLAHE pBRRETE s Raloden D) 1 31X O TR, 1

anot he pecl aspec i's 10 O In yet another
specilh |anotas¢mci,ﬁcmpecs Rf {sH2) shUSC(VahxEaRD) alkyl ik @ptionally

Wﬁ%ﬁu"‘h ﬁﬁfﬁm of the invention, R3 and R4 together
PRSI PFEYRn atomto which they are attached
f or M yepirther SpEEEE ssiaefzf @@@nﬁﬁb@&yop& Jaul a (a), a

noi ety of 15 formula (by, |ety of formul a _
(c) . I pther spreifiq pspeats of re mRsntamu ds metelrrshylwpropyk heisopropyl;

RAIi{ LAY i858 {19 ay\j(q ;g] {)I;}gé%are attached forma -

noi ety of for ot her specific aspect,
and R4 spesific aﬂplectw Rhis (Elh;alky"liR%xgenethylocm ettloy1ydni R;hstriimhyl

are ttached for 4DI f g (a) wherein R5
Ei'&ﬁ(g %ﬁ%ﬁp% idf(;)%k‘l@ (03%&1”% ‘a specific
aspedn andtBecspdcife dspgriREis Wi th the nitrogen atomto

whi ch t hey @ttachedforma noi ety of formula (b).
In ot her sggg

C aspect R4 together with
the nitrogen Omtcbrwhlc he re attached forma
noi ety of fornmula (b), wherein "is -C(OR

- ( CHIy 2eRmotier spdaff) 28R io1-(E8,)h SCCENRR® 0nd € i's

1. In still_  another aspect of the invention, R3 and R4

toger 1 h the nitrogen atom 25 to vvhlchthey are

attache 0om a noi ety of formula (c). In specific

aspects, R,_Rb, R Rd, and R9 e i ndependently

hydr &8 fPecifie aspect of; the Eaveption gk amsd R Rpgether With, theipidrogsn atom to
n | L1 .

R SO EY s et B L e B B @, a ety of

f@’p@'éa (h)camlsmmmezty oRfommlzcnc)Sal kyl ,  tetrahydrof ur anyl

dr of uranyl ,

h
h e s et R B0 Y B R PRSI, s ey e
attarhed ifyrei @ oianolf fornful¥\@)200 Zﬁ&ﬁ@@ﬁﬁc%ﬂs@ OlQBétQﬂﬁO%%ether with

t}}eé}xﬁtyge%r atggletg Ivsffhllgh %S %%et gttacll-\l)gd Ifosrmca:lL m%?‘leti;f of formula (a) wherem R’ is
-OC(O)NR®R® or -C(O)NR*R®,

In a specific aspect, R® and R* together with the nitrogen atom to which they are
attached form a moiety of formula (b). In other specific aspects, R® and R* together with
the nitrogen atom to which they are attached form a moiety of formula (b), wherein R® is
-C(O)R, -(CH,),0RS, or -S(0);NR*R®; or R® is -C(O)R’, and e is 1.

In still another aspect of the invention, R* and R* together with the nitrogen atom
to which they are attached form a moiety of formula (c).

In specific aspects, R®, R?, R®, RY, and R® are independently hydrogen, methyl, or
ethyl; or R%, R%, R®, RY, and R&are independently hydrogen or methyl.

In specific aspects, R°is methyl or ethyl; or R®is methyl.

In specific aspects, R’ is C;.3alkyl, tetrahydrofuranyl, or -NR?R®; or Rf is methyl,
tetrahydrofuranyl, or -NR°RP.

In another specific aspect, R’ is tetrahydrofuranyl.
5



In yet another specific aspect, Rf is -NRaRb, wherein
Ra and Rb are as defined herein. In specific aspects,
wa?20/082038 1; or a is 0 or 2. In another speci PCT/US2006/045099

aspect, ais 0. 5 1n specific aspects, bis 0, 1, or

2; orbis 1 or 2. In another specific aspect, b is 1.

In a specific aspect, cis 1 or 2. In another specific
aspect, cis 1. In a specific aspect, dis 1. In a
specific aspect eis 1. In one aspect the invention

provd oun Offf I erenC|slor
N0 o1t GheEsned e mpiotd R SRR bR SIS | e

i nvend yaranmhev smﬁi@aspeapnﬂfsdm{alzf’ owhetbin K1 dndRicareia8 defined
R3,is Cl1 3alkyl; and R4 is -(CH2)1 3C(O NRaRb or A-0
hepeini5 oy "R3 and R4 together with the nitrogen atomto

whi ciy tﬂ&m@dsee@tt taghest f;rRid 0 12 %sanéﬁbﬁgﬁeeﬁiéasse@taa is 0.
moi ety of formula (a), a noiety of formula (b),

5 noi elyspeeifictaspaets.dd i56) 1, andrasibis 1 @2.ily mwe@ma&pﬁct bis 1.
OR
SO RERsE A el P | B b e AP it on

pr ovinle spaviftoagpectnd iol. f or mul a (I) wherein R3 and R4
together with the nitrogen atomto which they are

at t alh2PFHMIRES & sel ected froma miety of

fOr IMi 8nd dspectdti¥ih®drtionlprbidedlh BomBbunPEfofmR (Bf Whétkin cis 1 or
forrrula (c) wherein: 25 R5 is - O NRaRb or

10 2.¢sdpmrpaREs 1R is - (O R', -(CH2)20R5, or -S(O) 2NRaRb;
Ra, BPandifdt &5ed! Be! Mﬁﬂgﬂgm 3 JWd}ﬁx%%gboq{ Hﬁ.haxtgwherem
cis 1

Rf is methyl tetra ydro any
2; dRPds@aadkd;and s 1. 30 In yet anot her aspect, the

D eR gPRCRLpAB RaRopPound of Tormua (1) wherein
2007/? 5@ PCT/ US2006/ 045099
o ;

15 or R? and R* together with the nitrogen atom to which they are attached form a
moiety selected from a moiety of formula (a), a moiety of formula (b), and a moiety of
formula (c);

wherein:
R’ is -OC(O)NR?R® or -C(O)NR®R"; and

20 R® is -C(O)R', -(CH,),ORE, or -S(0);NR*R".

In still another aspect, the invention provides a compound of formula (I) wherein
R? and R* together with the nitrogen atom to which they are attached form a moiety
selected from a moiety of formula (a), a moiety of formula (b), and a moiety of formula
(¢); wherein:
25 R’ is -OC(O)NR'R® or -C(O)NR'R";
R® is -C(O)R’, -(CH.),ORS, or -S(0),NR*R?;
R?, R”, and R® are independently hydrogen or methyl;
R is methyl, tetrahydrofuranyl, or -NR°R®;
cislor2;dis1;andeis 1.
30 In yet another aspect, the invention provides a compound of formula (I) wherein:
R? s ethyl or isopropyl
R? is Cy.salkyl; and
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R4 is -(CH2)1-3C(O NRaRb or O or R3 and R4 together

wWth the nitrogen atomto which they are attached form
wa 200mcBsy sel ected froma noiety of formula (&LT/U82006/045099

noi ety of formula (b), and a noiety of 5 forrmula (c);

wherein RS is -OC(O NRaRb or -C(ONRBR; R6 is

-C(ORL, -(CH2)20Rg, or -S(O 2NRaRb; Ra, Rb, and Rg

are i ndependently hydrogen or nmethyl; Rf is nethyl,

tetrahydrofuranyl, or -NRaRb; 10 a is O; cis 1 or 2; d

IS 1p4 hS ghem cal nam ng conventions used

hereiangge izP]I'guC;(?r)Ig?e or the conpound of Exanple 1:

O ONVv<xOPON CDN cJ>=o0 C which is designated

4- (t etr ahydpof ur an- 2- car bonyl ) pi per azi ne-1| - carboxylic

acid 3 15 ’

{ (1 So8R’ &R R3 thgeShérsuif thpyitr@zcmreaon, 3 vetiitly tHeghenziichbd form a

azgl e-| - car.bonyl ) am nqg] - 8- aza- bi cycl o[ 3. 2. ]
b G Belg eGSR 10 B L oTae B9 of 60 of ikt Blond a moiety of
faaflla@)ewherenvi ded by MDOL I nformation Systens, GrbH
(Frankturt, GCermany). The designation (1S, 3R 5R)
desci BeOCHINRRadrvE(@NRR at i on of the bonds

assogisat ¢ it h ey el | systemthat are

dopi B B ORE A CRDGREVG LSRN 98s. In all of the

conmpBIRS and Réfaee indeparidently Rgdrdeai oi edtlghiove, t he

benzgjr g o} one-car hoxam de ,i.s..8ndo to the

azab?{c?clg%gl’gér}%ahygrogﬁﬁ‘%gf f@ﬁ;r nmention may be

made adf 0f bz If e 2;QiisNg an@epouUNds:

4-(t %r ahydr of ur an- 2- car bonyl ) pi 1g)er,azi ne-1| -carboxylic

aci d 18¢ %/Igl,cg ,@ngp[l(gmons used herein are illustrated for the compound of
Ek&ApleaRy| - 2- oxo- 2, 3- di hydr obenzoi m dazol e- |

- car bonyl ) am no] - 8-azabi cyclo-[3. 2.1 ]8ct - 25

8-yl }propyl ester;

4- (2- hydr oxyet hyl ) pi ger a = N-/CMBQy/hN:/E:i do

3-{(1S, 3R 5R)- 3-[ (3-1 Sopfopy - 2- LN

0x0- 2, 3-di hydr obengoinn dazol e-1 - carbonyl ) am o] - 8- azab

icyclo-[3.2.1]d yEoropyl ester; 7 WO

2007/ 062058 PCT/ US200%/ 045099

which is designated 4-(tetrahydrofuran-2-carbonyl)piperazine-1-carboxylic acid 3-
{(18,3R,5R)-3-[(3-isopropyl-2-0x0-2,3-dihydrobenzoimidazole-1 -carbonyl)amino]-8-aza-
bicyclo[3.2.1]oct-8-y1} propyl ester, according to the AutoNom software, provided by
MDL Information Systems, GmbH (Frankfurt, Germany). The designation ( 18,3R,5R)
describes the relative orientation of the bonds associated with the bicyclic ring system that
are depicted as solid and dashed wedges. In all of the compounds of the invention
depicted above, the benzoimidazolone-carboxamide is endo to the azabicyclooctane
group.

Particular mention may be made of the following compounds:

4-(tetrahydrofuran-2-carbonyl)piperazine-1-carboxylic acid 3-{(15,3R,5R)-3-[(3-
isopropyl-2-0x0-2,3-dihydrobenzoimidazole-1 -carbonyl)amino]-8-azabicyclo-[3.2.1]oct-
8-yl}propyl ester;

4-(2-hydroxyethyl)piperazine-1-carboxylic acid 3-{(1S8,3R,5R)-3-[(3-isopropyl-2-
0x0-2,3-dihydrobenzoimidazole-1 -carbonyl)amino]-8-azabicyclo-[3.2.1]oct-8-yl} propyl

ester;
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4- acetyl - pi perazi ne-|-carboxylic acid 3-{(1
S, 3R, 5R) - 3-[ (3-isopropyl -2-o0x0-2,3

wdizrdezoskenzoi m dazol e-1 - car bonyl ) am no] - 8- az abraged06f045099

3.2.1]oct-8-yl }propyl ester;

4- di et hyl car banoyl oxypi peri di ne-1-carboxylic acid
3-{(lI S,3R 5R)-3-[(3-

i sopropyl - 2- oxo- 2, 3- di hydr obenzoi m dazol e-

- carbonyl )am no] - 8-aza-bicyclo [3.2.1 Joct- 5

A e s

dihy@ratbbyabimidaealzol -virtaz dl)fnino-8- 2aBitl¢18[B. DA ]ooB-8aARNOPY! ester;

clo[3. 2.1]oGgt-8-vyl}propyl .ester; ..

0 S e PrabakBrphbr faed e endipid T IR SR-G-
isoptdph$.236% P RB=-BhjdrdbérERhRRY b2 -carbonyl)amino]-8-aza-bicyclo[3.2.1]oct-

0x0- 2, 3-di hydr obenzoi m dazol e- |
8-l apn9BMlasiesini no] - 8- azabi cycl o[ 3. 2.1 ]oct - 8-yl } propyl

10 e g { . ST . . .

(1, 1%%%?%’(1?3’@ ne- 1 eaboRylic aeld 3405 SRR G soprppyl-2-oxo-
Zéeﬂﬂhyém[-llédgpﬁﬁidﬁ?lg— ac_ﬁagB%nyl);mino]_-8-_agabicy|rclo [|3 .2.1]ogt-8-y|l}propy1 ester;

i sopr,opyl - 2- Q%0 2, 3- r obenzoi a -1 -carbonyl) a

i ol B R Shftsorgh iic SRErtSult fea s s R ArS(s Ropropyt-2-

k&2, 2 dilyalbenydifiddzeld-dicAfsonyDah g eR[3 -8-
°S 3R 5R) - 3- [ (31 sopropyl -2, 12 RROH-AAbRS L[ 211 det-8-y1) propy1
e¥&G- 2, 3- di hydr obenzoi ni dazol e- | - car bonyl ) ani no] - 8- azab

i cycl i 7d%5- i -3 p ic acid 3- -3-[(3-
vl L IR 9 i i -5 583
1Soprqpys 23R 05k -dihydrabéngopmidpgole A-carbonyl)amino]-8-azabicyclo-[3.2.1]oct-

2,19=4i - benzoi m dazol e- 1 - carbonyl ) am no] - 8- azabi cy
8@&@?9&%{%’& -8-yl }propyl ester;

di met(Ry-2earthanyypyreilidyte- ehitoik9he BEHIIC {@G6]3R,5R)-3-[(3-isopropyl-2-

3-{( 3R B5R) - 3-[(3-{sopropyl -2 20 .
oG o701 PO o e SoppbicaRioRb R Ject S ppropyl
edtéycl o[ 3. 2. 1] oct - 8-yl } propyl ester;

4- di net hyl sar f anoyl pi per azi ne- 1- carboxylic acid

3-{( fsgog&l-ghﬁlcga{epgmjc—g oierapylic acid 3-{(15,3R,5R)-3-[(3-isopropyl-2-oxo-

- S >RZO1 4 ol 110] s 8r,az .

S AN SR Dt ot SO LBEL8 1) oyt ester

4- di dinetpyicaibhaoyithethpemattiyimtantiarabiabGH{{ 165, 38,6 R)-3-[(3-isopropyl-2-

3- 3R 5R)-3-[(3-]j [~ . .
o8 QoA oot b R B RS b aminok Srasahippsiafa Adjock Bt propyl
edbd;cycl 0[ 3. 2.1 Joct-8-yl}propyl ester. As exenplified

b rt.icyl ar conpounds |isted above, .the conpounds of

t %epar%{%’éﬁ}l’?%ﬁb%ﬁ@l@@ﬁ{a&m-bﬁ@‘bewlmc‘éd (1L &B Rt 3k (8-isopropyl-
2%@%,@dﬁl@‘d¥obehﬂ@irﬂiﬂé(ﬂé—'l%ﬁwgﬁ%%]-és-gng%m[g.z.l]oct-8-y1}propy1

m xtures, pure stereoisoners,
esfei pdi soner - enri ched mi xtures of such isoners, unless

chon, SRR ERCSHpdiae 1 ARS8 ST ISRk Ropropy-
2-rx0;2,3-dittydnibrozoianivasis 1 afrtatiydamiticl 8 aibeyel o 3 2ol oktes-yl} propyl

rresent in the conpositions of the invention unless
Yherw se i ndi cat ed, provi ded that any

As exemplified by particular compounds listed above, the compounds of the

e

invention may contain one or more chiral centers. Accordingly, the invention includes
racemic mixtures, pure stereoisomers, and stereoisomer-enriched mixtures of such
isomers, unless otherwise indicated. When a particular stereoisomer is shown, it will be
understood by those skilled in the art, that minor amounts of other stereoisomers may be

present in the compositions of the invention unless otherwise indicated, provided that any
8
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8 WO 2007/ 062058 PCT/ US2006/ 045099 wutility of the

conposition as a whole is not elimnated by the
wonrew@azss of such other isoners. Definitions PETNW206/045099

descri bi ng the conpounds, conpositions and net hods of

the invention, the followng terns have the foll ow ng

nmeani ngs, unless otherw se indicated. The term "al kyl "

nmeans a nonoval ent saturated hydrocarbon group which

may be linear or branched or conbinations thereof.
O ahplSIo" & bR ot B blnsRi of uch other
isomers.) | rlbutyl (n-Bu), sec-butyl, 10 isobutyl,

tent-butyl, and the like. The tern1"ha|o" nmeans

fluoro, chloro, brono or iodo. The term "conpound”
Defaitiona conpound that was synthetically prepared or

prod é of her way, such as by netabolism The

ter m%ﬁ?ﬂe B‘g‘gélé? POmpeYnsle: ¢apapesifianstand meethedseof the invention, the

FATONIRE t&ﬁi‘sfﬂa% B fol1Owid Hehninds uhieSEbHRALIA ¥"9n leated.

admnistered to a patient In
t er mPhe term Yadkyl” means g atbrivwnlennsateated Hyhﬁ)daflﬁﬁut g‘feﬁnb whiich may be

ln‘fi‘eaﬁi '02 E?a%%gaxghxs@orn‘ﬁ? hatiSis t}aer(sgg CI??Q}'C 2 g;?l liyle %r]fy& ms,ﬁmlgqlp by way

of mlrrudesnetth%sﬂ’qyt wmpyl@-rﬂ) SisoihrdEAE-PrY] hﬂﬁftﬁﬁhvBﬁy sec-butyl,
onpditi.o om occurring, iI.e., ro act

ispby ‘E{fﬁ@ﬁ?’ g? B‘?F 20 (b) anel | or ati ﬁg Itoh)é

di seTueerdi ‘sﬁw%em@rﬂd&@l | GdroCHdgid ‘?’%ﬁ
eli atin causi ng regressi on e dl sease

di sotBefermgy Oﬁﬁ’ﬁf’%‘él mEFHA ¢qrapound that wae syatteticglly prepared or
pr%ﬁ%deiﬁ%hpg)tﬁet?%va‘}' ﬁf‘cﬂ%‘é bthét%gl? sm or medi cal

condition; i.e or ar i ng the devel opnent
of tHRbe thrme&h@-apeimsalﬂyd effect% afein€ ame S W Arh&ihtisfficdent to effect

|l t th t f th
B B o Biptidreln & paine B me o FebRoRn & pati ent.
The Tke terthpieatiartad ¢dlhéras %%h@ﬁle&re%%&nt dﬁadﬁea@e disorder, or

ared framan acid or base wh
m%\%ﬁ%‘ﬁ{%&gf’é’nﬁ&a Patpitn uchyasta mammsl épqgtawleniuy A hsmah) which includes:

etd B d’rzsgagcﬁﬁ Baede
phar maceuti cal | ygt accept abl Fdnegrgﬂéﬁ?cgc%rcggdlélgﬁi%’n&&cﬂ?‘ng’ Le.,
and from mhm@mwam«anyompamm e bases. Typically,
phargmceu e | e.salts of nds of the
present | %:\E}gl%(%le %ng glr%eﬁée%gpar’m&d?rr B?ng@ic -on ndition, ve., climinating or
causing regression of the disease, disorder, or medical condition in a

patient;

© suppressing the disease, disorder, or medical condition, i.e., slowing or
arresting the development of the disease, disorder, or medical condition in
a patient; or

@ alleviating the symptoms of the disease, disorder, or medical condition in a

patient.

The term “pharmaceutically-acceptable salt” means a salt prepared from an acid
or base which is acceptable for administration to a patient, such as a mammal. Such salts
can be derived from pharmaceutically-acceptable inorganic or organic acids and from
pharmaceutically-acceptable bases. Typically, pharmaceutically-acceptable salts of

compounds of the present invention are prepared from acids.



10

15

20

25

30

9 WO 2007/ 062058 PCT/ US2006/ 045099 Salts derived from

phar maceuti cal | y-accept abl e acids include, but are not
woOizni7toezhss o, acetic, adipic, benzenesul fonic, BeNAS2WE/045099

canmphorsul fonic, citric, ethanesulfonic, fumaric,

gl uconic, glutamc, hydrobrom c, hydrochloric, lactic,

mal eic, malic, mandelic, nethanesulfonic, nucic,

nitric, pantothenic, phosphoric, succinic, sulfuric,

tartaric, 5 p-toluenesulfonic, xinafoic

(1-h ~ 2= t ROl i g ..

naph L S¥aed B8 et RadiliCly-apocnighie s pglude.pyg are not imited
td, @cetic, adipiq behzeneauiforde, benpdie)caniphog@il BERS, 6itfie) it fonic,

one. or . nor e | ecules of a solute, i.e. a conpound. of )
R o RIGR S G RioERe PPy oris digsameliio, malio, mandelic
riefRinG il fordé) @6, rifricTBatoMehR N APhorio, 3usdn¥ Rl furk Ehtaric

sol vates_are ;yphcalfy 10 crystalline solids’having a
rdplysnesforic yineifoie §1-hydrery2anaphthsic aeit)imephthalesell\iedisnlfonic acid
amE9agnt ative sol vents include by way of exanple,

wat er, methanol, ethanol, isopropanol, acetic acid,

and flhe térink ¥solwiehmihes salmplak o agmagate foriited 1B0dn&adramore

Qgrﬁfd IS a, hydrate. It 4m%| he appreciated that the
TS SF 25O ha & SOMPOUR 9 the dRyRuEBR O 8 pharmpaceytically-acceptable
salofhefiof, id dier efbre MMEEcllBs R olvdns. BREIESSIGsted &g typically

n

include gll gernutations of salts, solvates a
ciystafiggisofds b ving g spbstantially fixeginaclgr ragio of solute and solvent.

RBpRESR&HH ﬁ%ﬁ%a SN r of
_a conpoun dd?g?édft%frn@n% g Q’%’?@ he Ld{ng ?‘Im ' teera{‘ﬁ%‘%‘g‘ggl? gg%mol? :
isppronanal, aeetictacish ahd grediks. OWhen the sefvenhiscmateh ¢he solvate formed is a
hﬁhg@[aced by anot her functional group or atomin a

Sstitution reaction, such as a 20 nucl eophilic

substtiwillt becappredated dmt tHyteia Yoph pharaiieb@ically-acceptable salt or
representative | eavi roups i nc¢lude chloro, bronmo
sol¥ide PR asTgr e (haRe Y dn ftende ap insTesidl pesmrakatipss of salts, solvates
arltES¥edisBmets) SWIPdEn solP4tO8Y h ?Eﬁmd&@ﬁy&a@l -eac@tglgaﬁlg Salk bk% ;

acyl oxy groups, such as acefoxy, trifl Ooroacetoxy an
stengaisomieg of a pprppundef fosmvlad®. gr oup” furt her

enco RS HS« 6 - -CC13 .
.para??%BFMhﬁg%ﬁgggnﬁﬁi g%%?§ﬁ5Q§§h¥ﬁgow%Pﬁ@DH}g?g%f@abe
digpla¢addy aﬁmthdfrd’naczﬁdélahmnp oaﬁdﬁji irvablitbsﬁnﬁfofntz’e&tion, Slllch as a
il e G ound..i n ich one or .nobre functignal,
Rl s ARRE s tR. HDaveh S Seminit Frisroniiie e Eroups
inclade chions, bsbind adR6ds BoupsGulioniel Rk isAAIpY! KR as mesylate, tosylate,
which may be protecteéed include,

bFu ctionagﬁgro S
rB@a%tg, RSy %ﬁzﬂfij Ex,e lke; W){ goggq, @u@r algrstoxynirinoroacetoxy and the
1l OCRSterr Y Ha0m¥! ero@ RS er dddbRlpalied %g}rilgts %&&lpgg’]-\dCsFa,p-ng,

groups _and the 11ke. Representative ecting gro
rargrOGHL N PH 8rd inidagelylis i ncl ude esters (such as

- b . ' d hydr.azides;,, for.
i bR B Kot Bbave HUESR R R RS Re e piged
coaubuadiigedicH ane dryrdoxfahctional groups of the compound are protected from

undesired reactions with a protecting or blocking group. Functional groups which may be

protected include, by way of example, carboxylic acid groups, amino groups, hydroxyl
groups, thiol groups, carbonyl groups and the like. Representative protecting groups for
carboxylic acids include esters (such as a p-methoxybenzyl ester), amides and hydrazides;
for amino groups, carbamates (such as tert-butoxycarbonyl) and amides; for hydroxyl
groups, ethers and esters; for thiol groups, thioethers and thioesters; for carbonyl groups,

acetals and ketals; and the like. Such protecting groups are well-known to those skilled in
10
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groups, ethers and esters; for thiol groups,

t hi oethers and thioesters; for carbonyl groups,
wacet7ab®sand ketals; and the |ike. Such protecPCngSs2006/045099

groups are well-known to those skilled in 10 WO

2007/ 062058 PCT/ US2006/ 045099 the art and are
descri bed, for exanple, in TTW Geene and GM Wits,

Protecting Goups in Organic Synthesis, Third
Edition, Wley, New York, 1999, and references cited

P ting gro
oA B A TP PSR IR Pt
Gregutin €hgasic Syatiasis)Thitd Battien WiRspNeSEVbER, 11999, and references cited

¢ em no-protecting groups include, but are not 1imted
ht “fornyl; acyl groups, for exanple al kanoyl groups,

SUChTES 1e36EtathinoPrbesN ’ﬂne@ﬁé)&' ﬁ)t &
tert- butoxycarbo?yl (Bl(ci)g;:1 B ox;cg%bha%smtablefor

pr@?’%‘lfﬁ@ mglg FedeEsagfians\at en mnmnmgele CBEPreamatlve amino-protecting

glgbl%%] EEEAF'Q ?éy l;hﬂ{tgg ﬂ%/ lf?l(ng)ﬁip §<?y1 g%)l%)ﬁ,g? or exa.mglre alﬂpanoyl groups,

suchps apetyu aHmewhyWi@nwgsnmd’t)ds temuuwxmmum (Bodgh as

TNV t- butyldi [ sjlyl
any iV cklon¥] b lp Rl heiaondibar(Eoa) by es
9-flmorsayhifisthotydaktey Aryfi 915%1-8
ﬁl v gvalsllabl gyggg???ﬁ 1ghm e?}?ﬁ?&&ﬂg{ﬁ&&}r&(gm trityl (),
‘“F‘g (‘h gms@r?éb’ﬁlllerwé)mf‘élabé Hhd sprupecnshes mmleﬂwb;ﬂgh(WS) and zert-

butglkdith6b Rilyl GHISNIS)Cdnd M6 HREESENt [ nvention is

illustrated in the schemes bel ow, those skilled in the
art wll recognize that all aspects of the present

GEANSVRRL S OGPLEePared using the nethods described
%@“r‘?hm—‘vy—um—ng—ot her met hods, reagents and
st ar €omgowndseﬁf thé snvientiom cimbe pﬂ&p&%ﬁiﬂﬁdm k@dhlbr@lv&lmlélﬁttamng
reci at ere_typical or
mierbls s B o BoEPBastunmE Mok apd PecscirbhohRbaneh a particular
aspETRE RS pregsnt itvelBSn id WhuSirdt8d {Phe L HANAN, Sthose skilled in the art
solvents, pressures, etc.) are given, ot proce

willpsaegnienthatalhasiests o dhe prsgent ivention che ba/pm@amdatsmg the methods
de%ﬁe@ﬂ@r&ﬁ %ﬂ) @8in %%l%rtﬂngtﬁﬁ Aoy H agélg; énﬁ%%atmn%ﬁlﬂ?nals known to

particul ar ctants or So
th@smlﬂllqdongh@m Bovidledler be ametediyted tigatsKidré Bbidal of pRf@Fdd process

comﬁtf’o%%J eoc%i)olélrntlgﬁ&te% grggé: e%lar fl? %am%% ?%g{atglps? Qc?llvlegts pressures,

etc{:))mgnteno otiler prageecdonditiondicatl Bfso HY1sBE uAREESHAWisd Qated.
functional groups from undergoi ng

revent certai
Lﬁﬁa‘é@iwﬁwnrcea&qosﬁ nay ey wibithe particulas rraptaniscor solvent used, but
subt B8 REEdrLad R tdrindd mﬁé &Y in tk‘lg g.{t'bg/r}gutl [ Sptnization

wel | as suitable condition or pro n-an
ProReduesect i on, are vveII knovvn |n the art. For exanple,

P g gﬁ ﬁoﬂlg} gi é)(l:l? Ig {ﬁ?lﬂéd dn Elé 4 %ﬂ%%‘é‘bgr{\]ﬁo%gfjpmtecting
ngSsnaﬂe:tu@eSsarggto@rewﬁ cbﬂax@f@ﬂd’ti@xaﬁ&@hﬁ@ Sofn undkgding undesired
rea%%ons 9Phe choice of a suitable protecting group for a particular functional group, as
well as suitable conditions for protection and deprotection, are well known in the art. For
example, numerous protecting groups, and their introduction and removal, are described
in T. W. Greene and G. M. Wuts, Protecting Groups in Organic Synthesis, Third Edition,
Wiley, New York, 1999, and references cited therein.

The substituents and variables shown in the following schemes have the

definitions provided herein unless otherwise indicated.
11
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The substituents and vari ables shown in the foll ow ng
wechemexshave the definitions provided herei nPATIUS3®6/045099

ot herw se indicated. 11 WO 2007/ 062058

PCT/ US2006/ 045099 I n one nethod of synthesis,

conpounds of fornula (I) can be prepared as

illustrated in Scheme A. Scheme A°. ONH ~-NH N 'k R4

(R)a-'"i- >0-1- L1 ON NR3 R2 (In) (IV) OO-N R4

(1 opandne ARERA Aeypliert forRESE L B SRR P T sSThO RSB %o

ilbistfatednin [Szhéh®)A. wherein L' is a | eavi ng group, to
provi de a conpound of formul aS j I g Typically, L' is
an SN2-favoring |eaving group,2% s chloro, iodo,
or brono. A nd of formula (1V) is contacted
wi t h bet r/ég‘g,nggf’uo. 25 and about 1.5 equival ents of

t he benz Hlazdl one- car boxani de toopge (rer), E an
RNEN , inghe 10 phe(\aeﬂ%eiqfr base, such as
(N')T\I-' ropyl et H'Iyl am neL( DI \PRA), d of a catalyst,

such as godiumiodide. Suitable in€rt diluents

i ncl udeyygi met hyl f or mami de, aceto'?rile, _ (o} )
tetrah3 rof uran, N-nethyl-2-pyrrolidone, and N""@g\o)\N'R
Sui t abl e bases al so include, for exanpl & RS

triethylam ne, 1,8-diazabicyclo-[5.4. Q] ur@é H7 %ne
(DBU), and pot ass+um—earbenat e. (Bli-ab] e deat al yst s O
al so include, for exanple, potassium |NJI2e, and 15
t et rabut yl ammoni um i odi de. This reaction ®s typically

cond uPCbﬁﬁo&hidazdleﬁél-embﬂﬁlﬁidéftrégaﬁgﬁnt%%ﬂiaté i feacted with a
bet ween ahaqut and about 24 hours or

oGPPI PR T Y, whegeig I 4 & Maving groeprippeedde Frempound of
L, SO o BRI .o
brang; oA contnoané of famnly 039 4s contasted withdetvgamestout .25 and about 1.5
e&lﬁbﬁ@nt‘d Bf the benzoimidazolone-carboxamide tropane (III), in an inert diluent, in the
presence of a base, such as N,N-diisopropylethylamine (DIPEA), and of a catalyst, such as
sodium iodide. Suitable inert diluents include dimethylformamide, acetonitrile,
tetrahydrofuran, N-methyl-2-pyrrolidone, and the like. Suitable bases also include, for
example, triethylamine, 1,8-diazabicyclo-[5.4.0Jundec-7-ene (DBU), and potassium
carbonate. Suitable catalysts also include, for example, potassium iodide, and
tetrabutylammonium iodide. This reaction is typically conducted at a temperature of from
about 40 °C to about 100 °C for between about 2 and about 24 hours or until the reaction
is substantially complete.

The product of formula (I) is isolated and purified by conventional procedures.
For example, the product can be concentrated to dryness under reduced pressure, taken up
in an aqueous weak acid solution and purified by high-performance liquid
chromatography (HPLC).

It will be understood that in the process of Scheme A and in other processes
described herein using a compound of formula (III), a compound of formula (IIT) can be
supplied in the form of the free base or in a salt form, with appropriate adjustment of
reaction conditions, as necessary, as known to those skilled in the art.

A compound of formula (IIT) can be prepared as shown in Scheme B below.,
12
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20 in an aqueous weak acid solution and purified by
hi gh- performance liquid chromatography (BPLC). It

waizbd7/0ezssinder st ood that in the process of ScheaeuA2@ed45099

in other processes described herein using a conpound
of formula (111), a conpound of forrmula (I1l) can be
supplied in the formof the free base or in a salt
form wth appropriate adjustnment of 25 reaction _
condi tions, as necessary, as known to those skilled in

the art. A conmpound of fornglia I) can be prepared
as shown in Schene B bel ow 2007/ 062058

PCT/ US2006/ 045099 Schemre BO HO ~--A ~ (Rl)a IO N~O
- +- -A',;} -~ (Rl)a~_jp N\>0 t 4l RI\I\ R2 (a) (b) (\/)

PO IN- B=cdNHH+ H2ZN Nl ~- NH_ N N__ (RI) aN>= O
(N_)e )\Pﬁ Iy |1 n%%iﬁéme B, i nt er medi at“g)‘(@;‘%
optl onal | yqzsubst ituted 1, 3-di hydrobenzo-

i mdazg) -2-one, is reggted with internediate (byy)
wherein Wis a leaving group (such as 5 halo, i.e.,
fluoro, chloro, or brono), and Ais a | eaving group
chosen such that it reacts under different conditions

th fyspech as - OC6F5, - N-PAr a- OC6HANCZ, or NH
i daxdl - 1-yl); or & A@re each imdazol-1-yl q}t'qm

'5 a conpou ofpjfformula (V), which is
m__t%_i_merrm(sti')gj_g- ):wberel n P1 [e,presenksa;ﬁ\%ﬁ

protecting group,~%uU as Boc, to provide )
internedi ate (d). The R:zrot ecting group Pl is r emoved®
from 10 internedi at gg(d) by standard procedures (19
provide a conpound of fornula (M. Wile optinmm

r eacin SehanonBi mtmdlm(a),amyoﬁtenﬂnsd sulgstiouted Ng3-dihydrobenzo-

T .

halbgi.ay fludry, chlotd, onBrofid)] Atk & TealkiRCReUp 8BosefiQich that it reacts

urgﬁ? tlgefrspmaptggé %Ta%l Ifall’r(guc%raosc -68(8361%?ng13,4 pclzqtjaE(r)(%sHh4N l, or imidazol-
1-yl); or W and A4 are each imidazol-1-yl; to provide a compound of formula (V), which is

reacted with intermediate (c), wherein P' represents an amino protecting group, such as

Boc, to provide intermediate (d). The protecting group P! is removed from

intermediate (d) by standard procedures to provide a compound of formula (T).

While optimurn reaction conditions may vary depending on the particular reactants
or solvents used, such conditions can be readily determined by one skilled in the art by
routine optimization procedures.

For example, in an exemplary process using 4-nitrophenyl chloroformate as
intermediate (b), the benzoimidazolone intermediate (a) is dissolved under an inert
atmosphere in an inert diluent, such as tetrahydrofuran, ether, DMF, or a combination
thereof, in the presence of a strong base, such as sodium hydride, lithium
diisopropylamine, and r-butyl lithium, and is contacted with between about 1 and about
1.3 equivalents of 4-nitrophenyl chloroformate. The mixture is stirred at about 0 °C to
about 40 °C for between about 12 and about 24 hours or until the reaction is substantially
complete to form an activated ester, a compound of formula (V). The compound of
formula (V) is isolated and purified, or it can be reacted, in situ, with a protected amino-

tropane, intermediate (c), in the presence of an inert diluent, such as tetrahydrofuran, at a

13
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15 internmedi ate (b), the benzoi m dazol one internediate
(a) is dissolved under an inert atnosphere in an

wonetoezis uent , such as tetrahydrof uran, ether pCDNS2006/045099

a conbination thereof, in the presence of a strong
base, such as sodium hydride, |ithium
di i sopropyl am ne, and n-butyl lithium and is
contacted with between about 1 and about 1.3
equi val ents of 4-nitrophenyl chloroformate. The
[ b t
e o 58E a8 G R o B By RER rqiligina Bhout 24 hous
t¢ Emdqnmt@t@ubmmuam dy. conplete to form an

act i ted esteng cQ ﬁ%Of fornula (V)
conpou ﬁ%g geuvepdonl me E%;)S’ Jrygp é{rgrgc%grﬁgp* ? i léaemeved from
internatiath ¢dy, enpioville 4 Berﬁbirﬁidaﬂﬁl?ﬁe—@axﬁbfé&ﬁﬁfefifepaﬁé Bfipound of
, in the presence of an in

tro]_ﬁ ﬂil) i nte[rredl ate
Y Syaationof theghpye prepesnof reparingsinigpmediate (I0I) using

4 f Ir
A Pl e o Bttty (DI BENCARHS o Blguaf T3 betow.
aboutAlanatively a compound ofl orprudd @Y taobe piepied ds sh@wh &) Scheme C
belSiy1g conventional nethods, the am no-protecting
group, P is renoved from internediate (d), to

provi de a benzoi m dazol one-gdehx@m de tropane
corrpoundoof 5 formula (I111). A variation of the above

process Rreparing intermediateg(l11) using

4-n h,enyl chl or of rfE“dl ate (b) is
(l@‘e@@gdm Exanpl ﬁel owb AI t gnat ively, a
conpotin NQf f or mul a an be prepared as shown in
Schene C Rfelow. Scheme C ~ o A R4 NN O—jt N (R)a-

R*

=OMHNDb RZ \ RR O (MVI§VI) ONOAN—

N>==

NIM (Ri)ai~ CO(l) 10 h2 /% U
N

(R’)ai/\[\r—-o o)

A benzoimidazolone-carboxamide intermediate (V) is reacted with a tropane-

Y

alkylene-carboxamide compound of formula (V D) to provide a compound of formula (I).
The compound of formula (V), the synthesis of which is described in Scheme B, is either
isolated and purified, or reacted in situ, with a compound of formula (VI), in the presence
of an inert diluent, such as tetrahydrofuran, at a temperature range of from about 30 °C to
about 90 °C for between about 10 and about 24 hours, or until the reaction is complete, to
provide a compound of formula (I).

The benzoimidazolone intermediate (a) can be prepared as shown below in
Scheme D.
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A benzoi m dazol one-car boxam de internedi ate (V) is
reacted with a tropane- al kyl ene-carboxam de conpound

wohodmemiBa (VI) to provide a conpound of for nBC&US2Y06/045099

The conpound of fornmula (V), the synthesis of which is
described in Schenme B, is either isolated and
purified, or reacted in situ, wwth a conpound of
formula (VI), in the presence 15 of an inert diluent,
such as tetrahydrofuran, at a tenperature range of
fromabout 30 Cto about gglgﬁ%ﬁé bet ween about 10
and about 24 hours, or unti eaction is conplete,
to provide a conmpound of forrmula (1). The
benzoi m dazol one internediate (a) can he prepared as

shown below in Schene D. 14 20 NH,
P 845009 Scheme D NBIaRHZ L N42 (R )a iR (I
® )@%I HH MR-RY 2-2—Not F R RNB (e—pF) (g)

NI

0 r" NH N LN(R), 0 N R (&) In
Schenme D, an optionally substituted
2-fluoronitrobenzené)is reacted with a (f’6 primary (9)

am ne, interned ate (e), to provide internediate (f),
which is r é?; a di am nophenyl ,, i nternedi ate
(g). The di ’Jnopng IS reacted ﬁh

car bonyl di i M dazol eN | n thgwp’z:an i nert

di | uent, suctras—tetT&hydrof ura t enperature of
fromabout 20 C to about 40 C for begmeen about 12
and about 30 hours, to provide a

(@)

In Scheme D, an optionally substituted 2-fluoronitrobenzene is reacted with a
primary amine, intermediate (e), to provide intermediate (f), which is reduced to a
diaminophenyl, intermediate (g). The diaminophenyl is reacted with carbonyldiimidazole
in the presence of an inert diluent, such as tetrahydrofuran, at a temperature of from about
20 °C to about 40 °C for between about 12 and about 30 hours, to provide a
benzoimidazolone intermediate (a).

A representative synthesis of a compound of intermediate (a) is described below in
Preparation 1. A substituted compound of intermediate (a) can also readily be prepared
by procedures similar to those described in the literature. See, for example, The Journal
of Chemical Research (1), 21-22 (2005); Heteroatom Chemistry, 5(5/6):437-40 (1994);
and Ger. Offen., 3839743, 31 May 1990.

The protected aminotropane, intermediate (c) employed in the reactions described
in this application is prepared from readily available starting materials. For example,
when the amino-protecting group P' is Boc, the protected aminotropane can be prepared

as shown below in Scheme E.
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benzoi m dazol one internediate (a). 10 A representative
wo 2eynthesi s of a conpound of internedi ate (a)PCEUS2006/045099
descri bed below in Preparation 1. A substituted
conmpound of internediate (a) can also readily be
prepared by procedures simlar to those described in
the literature. See, for exanple, The Journal of
Chem cal Research (1), 21-22 (2005); Heteroatom
Chem stry, 5(5/6):437-40 (1 %ﬁ%i Eand Ger. Ofen.
3839743, 31 May 1990. 15 hg—prﬁ%ected an1notropane
internediate (c) enployed in the reactions described
iy tho s lication is prepared fromreadily
Hg:g?a d@P =Fi a2 $E “when the o
am no-protecting group P1 is Boc, the protected
am notropane can be prepared as shown bel ow in Schene
E. 15 WD 2007/ OS@ %(él’/ US2006/ 045099 Wlﬁco
H3C-GSCr8 + N NBoc N -~. NwR
014 (c') A<LdescYibed in deta|I in Prepata¥ion 2
bel ow, to prepare the Boc-protected inter iate
(c'), 2,5-dinmethoxytetrahydrofuran is contacted with
benwdescrivealtith ddtatin PPoparamni 3/bdloew t© pepirethyBoeapiatected

e R RSS2

equifbds 6f B&iredndtd $Mpht Bxdchs fOF ecmsie abbutd. bacﬁtfwalemg, of
agent, such as sodi um hydrogen phosphate, The reactio
1,3- awsopgdleaﬂngweca@%@l in on PEiRAIRCOURTOHIBIPEh S REFSHIS i“dgfenng

agen? Exgh §§‘ at n HydR #E?’xb?ﬁﬂa&n ”ﬂ{e RAY PPN 8 hB4led to between

er me product, 8-benzyl -
abOLﬁ 6a2€bmdyxbbu'e 108 °C tolesuncdesart®xylntion of gryrsabyxylated

interiedialesin the BRADRE B FREy N BN PRB1 0GBl B AL Ay

N-belzylt® t;m&.nd;tyl di car bonate (commnl y (Boc)20), for
exanp ut 1.1 equivalents, under a.hydroge
o A5G B b rpneRan LIt o (P ERLL e e Sieht exoess of
dl-tegzaﬁtg#r}’&&?xﬁo?nﬁéQ(Ydtﬁﬁloﬁb%b'cﬁ())bfor example, about 1.1 e mvalents under
zabl cyc

1] oct ane- 8-carboxylic acid tert- 3/
a hyédigen atrﬁdsphmamﬂnmmesgmmﬁa@apsxymn metalratalys do provide 3-oxo-8-

azabﬁ:yﬁgﬁ? ‘2 l]gc%gé 8t lﬁb% tzg{; aé‘l*al‘%g;% ,ﬂ]@d&eﬁte‘?b?ﬂé reatiBe Har t§p1cally

oct ane- 8- car oxy I C
condiied attefrﬂném ttgthp@'smeas farsibownt2atot abguiny 2 horasl Hingdly, 3-0x0-8-

azablcyc‘laos[?.Z.l]octane-S-carboxyhc acid zerz-butyl ester is contacted with a large excess,

for example at least about 25 equivalents, of ammonium formate in an inert diluent, such
as methanol, in the presence of a transition metal catalyst to provide the product,
intermediate (c), in the endo configuration with high stereospecificity, for example endo
to exo ratio of >99:1. The reaction is typically conducted at ambient temperature for
about 12 to about 72 hours or until the reaction is substantially complete. It is
advantageous to add the ammonium formate reagent in portions. For example, 3-0x0-8-
azabicyclo[3.2.1]octane-8-carboxylic acid ter¢-butyl ester is contacted with an initial
portion of ammonium formate of about 15 to about 25 equivalents. After an interval of
about 12 to about 36 hours, an additional portion of about 5 to about 10 equivalents of

ammonium formate is added. The subsequent addition can be repeated after a similar
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for exanple at |east about 25 equival ents, of ammoni um

formate in an inert diluent, such as nethanol, in the
wonew@assof a transition nmetal catal yst to preeras2006e45099
product, intermediate (c), in the endo configuration

with high stereospecificity, for exanple endo 20 to
exo ratio of >99:1. The reaction is typically
conducted at anbient tenperature for about 12 to
about 72 hours or until the reaction is substantially
0 Bt ]
Rl 1 rraBaci i G TR e oA brocedures, such
agZiabliigy/eltefcBor. 1] oct ane- 8- carboxyllc acid tert-butyl

ester, is contac niti orti.on, of

o SRPPORHEAIoBP St cenby o5 Db Birb ot t i tard progedures from
chbhhfh stHihp hekdls, of déSerRaBEloWin Scheheut. 36 hours, an
addi ti onal "portion of about 5 to about 10 equival ents

of ammonium formate is add@ehem®B subsequent addition

can be repeateg after a simlar 16 WO 2007/0620§§

PCT/ US 045099 iateryalR* The product i age

(c), lcan B Burilfied by %ﬁj ventTonal préte u leso shich

as alkallne extracti on. conpound of fornmnula (IV)REan

be easily hopared by stan@ard procedures fr@w connDn
starting materjals S I b I n,Schene F

o e e A5 hAEe PR 1SS B ronced

V\hﬂ&sécmldiry)an{lﬁé/g) td ﬁo%@%n’fpo@ﬂ@ﬁ@iﬁﬂl@(ﬂ’)( IDhe Seqondary amine

wherein LI and are | eaving oups is reacted

W t
@ ls@e@mmw aaving dilupnt; enohras dicloremethasumd stermsizia (—51) is added,

ng h\é) jTes: gn? =8 Qs%ag Ig,ﬁlc%lféo})rdr?é/ %ﬁaﬂﬁﬁ% ﬁ’eegt é{érrﬁférature ranging

frdmt elﬂdm O °€tte a(ob)lt 4@; °®,dt‘de dbout GOimmintites tqz) rbwy ﬁdmuosf "Bhe product, a

SiBir R PR B B B B by L

aboutT}%@cam?nut 2% LOarrhaw ledvihg gisups Thfhpk @Hlees, iodo, bromo;
formula (N),, can beg purified by
s

nﬁgelrjﬁanoq%w b dpadns gouA Swaﬂp@esesm inclpgs, for example,
tgglnaq% in¢, BB, A4 Qo{agﬁ Iﬁﬂp SSux%QHn@ﬁ d$IRERE @an include

rono; mesylate can a used as | eavi ng
agctozmnlc teh@hydraﬁtren,mdé‘éNe@mqﬂndemd@r exanple, 15

| ner vRraREcomotnds P BPMEEH) AR R Malibte Sl ity or can

He%@ﬁﬂibﬂdécbfrdﬂﬁﬁad@gﬂﬂvdﬁaﬁle&taﬁihg yﬂaftcﬁ[aﬂﬂa rﬁ‘ldieWnthesxs of many secondary
I nt er redi at e co ounds

RS HEh SETARHE PIRRY s Qg <§3%%t%33. bhabefingheme F, are

:—r

20 deS@fbeldin SELARDIBs SdctibhitRekimBt eri al s. The synthesis of

many secondarX )
A compound of formula (VI) can be prepared as shown in Scheme G.

Scheme G-
o)
NH )]\ ,R4
R P2-NH
G) (Iv) (k)
ﬁ /\H/b\o
N VD
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amnes, i.e., internedi ate conpounds of fornmula (i)

that can be used in Schene F, are 20 described in the
waxenTpesss sect i on herein. A conpound of formul aCTNIS2006/045099

can be prepared as shown in Schene G  Schene G O 4

NH + L1I~O-NR4 N O-NR ~ (!2~**"~b ' P2-NH R3 P2-NH A3

i) (IV) (k) ONOfVRA H2NR3 (VI) 17 WO

2007/ 062058 PCT/ US2006/ 045099 I n Schene G

internediate (j), wherein P2 is an am no-protecting

grou : 1 :

provi g h}g?r%%gghggn?#%?@d‘?%@&u{q whi ch 56"![1%&? ﬁlen?grggp’ is reacted
vl mmlmd afdomdei(Bé) ta provide prfectéd indenmediat¢ (X)) whidbeds then

react | henme Gis i cal copducted u r the.
it Eadrovige 6 crmperahel iR by BB HEFEs SFREernd s
typeédlyl dRdude®indd B Bmihe ddu Eﬁﬁ@ eomtitions destfibddatove f6Pthe reaction
be prepared by protecting the amno nitrogen of the

5 opPeheRe 8d ani notropane intermediate (c), with an
amn P
The o PoBpasid frofhelRl) Con BRlbripRal bf 8#@%"5“‘%?%?%2%@%“ of
ﬂgerpropmtda]amndtromeanennhd)sm(cb waith arhaminohprptestiag group and then

S EBAE B MRS 0 8 A o Pl g il
PTB.& dhoséreaichnBatghepireBemioled tuydur daffdrynt dodditioss. byr example, when
tment with an_acid, such as,trifluoroacetic acid

10 Py ﬂ%@}oa%@s Bhe the Gbz s bepsedasd’; Lhemrelgringeropndogds ypically
réBbleddy trd@mbmt ﬁftﬂ%ﬂ laide s hsRA NGORMBEHELbid Cbrbﬁﬁni‘gr tB€ acid salt of

base, if desired, by conventional treat nment Wt h

thypimgerneiatey Fhesaoid pajt gf g pntepnedistecon be spuynrfed to the free base, if
d%%fgg?,’ gg t"g‘z"fg‘ﬁ gﬁéﬁ 'v§1tl?¥§§e %@?ﬁ&l@?@?&%‘%ﬁlﬁbbz is conveniently

as pa a ium on car
retedwd tsy Inelyegeatiohgissopee afsuﬂable acttal@atatysnsudh asnmlladitim on carbon.
cedur.es for.

15 FayhgIdl TEr e Rtk P FondtiERh a5 BBt bidkedues for preparing
ré}fréseﬂﬁﬁlﬁ‘fé icomgoindd dfthe axaANLE or htdrdWdiates thereto are described in the

examples below.

Accordingly, in a method aspect, the invention provides a process for preparing a
compound of formula (I) or a salt or solvate or stereoisomer thereof, wherein Rl, R?, R3,
20 R* a,and b are as defined herein, the process comprising:

(a) reacting a compound of formula (III):

NH
Q
}—N/HQ\E
U g
(R ():N)=o
'R?

with a compound of formula (IV):

ey

Iv)
25 wherein L! is a leaving group; or

®) reacting a compound of formula (V):
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Accordingly, in a nmethod aspect, the invention
provi des a process for preparing a conpound of

wobaomokbzs¢1) or a salt or solvate or stereoi SORET/US2006/045099

thereof, wherein Rl, R2, R3, 20 Ra, a, and b are as
defined herein, the process conprising: (a) reacting a
conpound of forrrula(lll) ONH ~NHDN (Rl)aj C
>0 NR2 (I1l1) with a conpound of formula (1V): Oa
L1' ON RJb Rs (IV) 25 wherein L' is a |eaving
group; or (b) reacting a conpoundgof formula (V): 18
WO 2007/ 062058 PCT/ US2006/ 045099 &%AA N >0 R2
wherein Ais a | eaving group N a conmpound of
formula (M): O N-ONR J&Zﬁi REQVI) 5 to provide
a conpound of fornula (1), or~a sBit_or solvate or _
stereoi somer thereof. |n addiv)onaR” enbodi nents, this

invention is directed to the other processes
wherein 4 is a leaving group;

with a compound of formula (VI):

O
ﬁ””ﬁf"* ’
HoN
VD)

to provide a compound of formula (I), or a salt or solvate or stereoisomer thereof,
In additional embodiments, this invention is directed to the other processes

described herein; and to the products prepared by any of the processes described herein.

Pharmaceutical Compositions

The benzoimidazolone-carboxamide-derived carbamate compounds of the
invention are typically administered to a patient in the form of a pharmaceutical
composition. Such pharmaceutical compositions may be administered to the patient by
any acceptable route of administrétion 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 MDora
pharmaceutically acceptable salt 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; preferably, from
about 5 to about 70% by weight; and more preferably from about 10 to about 60% by
weight of the active agent.

Any conventional carrier or excipient may be used in the pharmaceutical

compositions of the invention. The choice of a particular carrier or excipient, or
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descri bed herein; and to the products prepared by any

of the processes described herein. Pharnaceutica
waangas2ass ons 10 The PCT/US2006/045099

benzoi m dazol one- car boxam de-deri ved carbamate

conpounds of the invention are typically adm nistered

to a patient in the formof a pharnmaceutica

conmposi tion. Such pharmaceutical conpositions may be

adm nistered to the patient by any acceptable route

Binbad I kG o
“rect alﬁbﬂ%/ ggfﬁgb&%rﬁggig%@ %ﬁgl orb |Hg a ‘fl nctad m%ahon being
usediositRat ppriticutnd paticntrareypd of meldisal abndiivhrvir sfigeasd e, In this

FRe RO ApAAn o7 R LR B AR TRE L Rbcutar modo of
admnmslsattdms wedinpithisi the séd é)lé'lﬂ'&lﬁﬁ?s@%léﬂleﬂah ke AR RREMNCE] arts.
a therapeutically effective

caLtler o exci pi ent an
‘A‘cfﬁbttﬂﬂa 13 thg l%%‘ﬁ%]@ﬂﬁéOb*uOh&oﬁiﬂD&ltl@p? aggrcommercially available from, for
cRAAP ISR, PAD)! Bo;@?@ﬁ% A& wahioldieHs o?ﬁy xﬁ#’ J)tflﬂ?tll'ley illustration,

such phar maceuti cal Mposi t1 6NS nmay co
cemantigadltfognalatipn tectlmqmﬁ$ atelde:gcrd@dnn geem‘zngkem ThaiScidhre and

at t
PR RER, 59 EAETALA RO Sl L SERRL B o i
(ZﬁOOQ, amirlﬂi@ zchsef ettahe PhaaseIetiti unwyag@ i o%s and Dru, Delivery Systems,

mr uti.c e salt thereof i ca

7R A doviciat Wollfnebh Rt Shkmons Lo
abOURe@rébeﬁt@nﬁb 5g/%pﬂ1at@i|aﬁ;r\£/h19fl chi 8erd€ hi ﬂﬁarﬂﬁ@éﬁtl ally
$&? rably f.rom about to about 70% by wel cf

EFr%”F’é?ré dnglude, bt am% limgteddothe fell®viozil zagars such as
18081s8i1u&dsetang sﬁ&rogé/ ?2)"‘9:%1% Aﬁéh ﬁ%%b\r{‘ﬁ n,giarc ng}lh aqo%t%'s'taarch (3)

or exci pl ent may use
celbresss fudhmsanisfoarysalline ecilulose, affch its dadvativesfsuah as sodium

cBb bRl TRktsact e Ploeli s o benufbse deeiatis (Apomdered tragacants;
(5>malpi(engslating (7) tatkg #8NEkcif eltb SsubR 48 cOdoadififeP hind £lﬁ‘§p’o§l@ory waxes;

%n 1lalsedtotreat a particular patient or type o
(R cich a8 rarut o eptienssuhaib sgffigwer qth@san@ oil, efjae dil, com oil and

s6ybRabBPA0REIYeDIsOfuch =3Pk Jﬁﬁ’é l%p&ﬁ“@ﬁ?g&f%s f S‘%crha S. goyﬁcenn

conmposli tion for a partic
Sqrbltwe manmtt’lrﬁnd nqllléethyimglycolt e @stsks ktadoksi athylfudeate and ethyl

5 th
1oBRAS TR i BidiSiind ad0E, MR mainey iy B EEite 5 Ggmimum
h}fcgci);léiex(dlﬁ) biginiShagida(1 GP]’ p@ongiJﬁetMﬁe?& (Bh. 1sét6ﬁi!c%tahﬁ@( 18) Rlnger s
ustration, = conventiona
S A L5 e by B s

campRittesibithincy @fiploged Bf pfﬁﬁ&&%@ﬁéal c%?ﬁﬂbsﬁfﬂnts' on,
Li ppincoit Wllians & Wiite, Baltinore, Maryl and

( 2008%e Phanagewticahgempositiony of theinyentior ate typicallpprgered by
thbRIERIPAHY 1&1%&5? ki %%Y&h%g? ?Jrgnggﬁrﬁ (%hé rnvrégtlon with a

Li ppi ncott Wllians &
phappgoguticalkepeceptablecarrier :exlacrm:l @anak aptibaili ngthsC Hf necessary or

désftla %ﬁé suﬂmgp urt]n{orm‘fy gltengeac{ meture 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" means 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
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acceptable carriers include, but are not limted to,

the following: (1) sugars, such as |actose, glucose
wanw7odasese; (2) starches, such as corn star cRCamS2006/045099

potato starch; (3) cellulose, such as

m crocrystalline cellulose, and its derivatives, such

as sodi um 15 car boxynet hyl cellul ose, ethyl cellul ose

and cel lul ose acetate; (4) powdered tragacanth; (5)

malt; (6) gelatin; (7) talc; (8) excipients, such as

g I.tor ;. i ls ueh

B R b i B SR RGP Rl A By bl Py Y B Pt

tablléty,gilds, land ¢lor kedi | and  soybean oil; (10) glycols,

such_as_pr ene qlycol: 1 ol yols, such as . .

o'y o ds R8RSR dmin the bk iRl Somppefeitat g invention are
stilable f5¥ lofdldnfinistiatién. %Mbl@%l%hﬁc&ﬁﬁaﬁé&iﬁfmsit@&s for oral

laurate; (13). agar; (14) bufferi ng agents, such as
adipyHeEtom MREP O 1he forma ofhransilesinblsise pidlsi dezenges; pachets, dragees,

b ké; - t:ar,: [ nj i

pB AL, Eralfles et alsoRUAEE subiehltl i on sapdgs rasgiaeous liquids
of 209n pilrde-patarer vt érein-aibligid ems;lsiamor(a@ B edixfrenr syrup; and the like;

nen-toxi.c _CcQ ti bl e.substances enpl qy i n . .
BB SR SRS SARRAE ot Pt mvenonas
actbveniagietiienns of the invention are typically prepared

(k:))(;n‘p Y %phi%%eo @lfgrnqz}gﬂzfci:g{ql's‘%aat{ighin zrin séllic? gosoarge cl)r(rer[] 8[er.],gasacapsules,
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e

optional ingredients. hecessary or _desired,
CoERLIFY # AYMpeNTdefthy PEisenidarentioptasitbe activetingiedisat arhprejor more
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Qutianaticenalterativelyypoct sdlidniosage fomms inmyenisc comprige: (1) fillers or

r ef er abl ckaged in a unit .dosage form Th .
ey o Resges e ed et Blfosp finspobigeose, mannitol,
abidYot sifivictaeld; €2) Hifidert OficA@s dafdakifbihylcellflose, @& Ratds)igelatin,

containing.a predeterm ned quantity of active agent
PeRyVEW! RYRefidagepsusEoreandins agadn @y himestapis such ag glyeexol; (4)

dg;%iTt/ Stzi%%%bgntso LudaCAERiaBAt EARUM EfbeiiYBotR0 6F Qa%%%?%tarch,

CT/'US 045099 ore or nore additional” units. Fo
alginiapbid, certadth silightes,dodagsofionmearhenatéid Sy sgisidresstarding agents, such

S [+] . t.he like..ln a preferred . .
o4 F i ot oottt Foh 8 BT hEtpm pmpouncs: )
wiettitgydgents, arch asseiyl ahb}io]f aid/@r gi&ce@ﬂ%?lﬁc&tda@dt}em) absorbents, such as
Suyi t ab).e phar maceut i conpositions for, oral 5 .
kil #der Serfauie %égﬁﬁbﬂﬁ@ﬁr,évﬁh 8% talo GRIGHUER Steprags, spagnesium

stbrlabe; soli PBEINEBFIenE 3HRBIsS soHERASES sulPAYGRHDHr nSkANLY @Sreof, (10)
or as a solution or a suspensi on I n an aqueous or

colerng geausiandi(y L) bpffering agentsn oi | -i n-water or
Wt elizelddsOhdentd, Wt | Qati Ay &bt i
oy oS B hoqptd, M AR, Bty oeRited et ting, Mvoring gna
perfwmnig agents, prespuatinesahdtahtoyideste gen alsv depresentin the
' | edient. 1 en iptended for aral . .
P ARG B tions 517 b EAGOER P o Pbffamggouticatty-acooptable
antigxiddnesinclude: (1) water-soluble antioxidants, such as ascorbic acid, cysteine

hydrochloride, sodium bisulfate, sodium metabisulfate sodium sulfite and the like; (2) oil-
soluble antioxidants, such as ascorbyl palmitate, butylated hydroxyanisole (BHA),
butylated hydroxytoluene (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,
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tablets, pills and the Iike), the pharmaceutica
conpositions of the invention wll typically conprise

wa 200mpzdsd of the present invention as the acPCYAIS2006/045099

i ngredi ent and one or nore
pharmaceutical |l y-acceptabl e carriers, such as sodi um
citrate or dical cium phosphate. Optionally or
alternatively, such solid dosage forms may al so
conprise: (1) fillers or 15 extenders, such as

cap M Es aﬁH i@ Cﬁl}fﬁlh@ ltﬁds@ %sgc? Hr fake co%xﬁﬁé o§1§ch h a5 ce IB ose acetate

Sucr ose, g UCOSG or si

phthalise E€CAR) plolvinyd acd:tabe;pmhdigtb @VWB)ds}drowpgmpmmhylcellulose
ol yvin rro sucr e an
BB o Y B bl e FRRPR Ry fpfiliose acotae
tdinsilitite CA) \GuingSficthyl SHeh canulaga(cmw), hyRb6popyl methyl
rbonate, potato Qr tapiqca starch, alginic ac:lcf’
Elilf’%ﬁ?f’e'??g 8@% S)s el theltkgr bonat e; (5)
sol utyf g&kirdeR! @k Qhﬂl‘i’né’&&ﬁéaﬁ ’coﬁxi}?‘agitlggs éisthe%ﬁ'& e f‘ﬁveﬁt@n . may also be

absor ptl on acce erators, as quaternary anmopn

formided de provide slowtor mgrei@@htebassqﬁﬂne astivetngredidnt culamlg by way of

r te absorb nt s,
PP A BB TRERT SR in bR BPOHRRE or U rRfmer
niaditices, hpd)somﬂmaﬁﬂ/eafrﬁtﬁsph‘ﬁi&]e& um stearate, solid
pol yet hyl.ene gl ycols, sodiumlauryl sulfate, and/or
P i 4CRE, Ha bRty e PoipAY it e PERan|ipygation may
optibrially dd@tag 6PAcityingDaddatsAmlan ATBE Formuibd é@ﬂm@gﬁg}tr@lease the active

CO@%*I ng agents, sweetening, flavoring and perfum ng
i 23 O%Y €3 PFSfaientialy. an g csﬁ@mmr@@h@%th@@ﬁstmm@s%@al tract,

oﬁﬁ@rfa?!t}t i éf‘délQ)‘?ed rPEHHe?HEQ o lof %ﬂ{ﬂgﬁ{i}}n% cgﬂl ogfuo%F $hich can be

I nventi on. es of naceutlca
uggsk inpluide anbanmcslubstence§ h)ldmmes Thé adtive lagtedmnt dan4lse be in micro-

N e e N T T R ENE

li ke su(tableaiqmdsabsagé Bhe fonbialiddaiéthationUitluds by way of
pal mt at e butyl at ed hydroxyani sol e (BHA

cor.b
11@15 rglr%f%/ é’&aﬂﬁ}%ﬁeﬁt}?ﬁ qjsgﬁ}étamgmulmpg%,mlﬁ;qﬁmt}j?lgw|so utions,
s&@bﬁﬁé@s s@upfand OSARN & Rh liidabHige bkl %Qﬁly Ethprise the active

net al - che tlngaents such as citric a
n@‘?@?‘ér‘i‘@éIaaﬂﬂ%dﬂ'@mmbmdbagxmpl@m pl‘ sthebsdluénts, solubilizing

% gegrﬁﬁ{c,d fggﬁ B{ﬂﬁf'féqe%ﬁ%l%ﬁg llﬁ%d th oho thy%artbongte, ethyl

a@@ltb,m@ﬁlﬁilmmgﬁnzyimﬂmae,, prppylese glycoll 1 Bebutileié Heol, oils (such
ascoqo esded f or. enterl C coaé}e{ngs such as cel {ﬁﬁla(ise
R SORP e BEuRETYL %OTC%W PyRAST pod sesemieeilsh gl geatle

tdr&liﬁ&bﬁlrbyﬂémby ?D,('EGIG lahg |fé1§ﬁacu9@§t@1@'o@s§rb1tan and
met hacrylic aC| - et hacr c acid ester copol yners,
mgpres g0t SasRERsionsy Wéiqlwrawethe entiye ingeadintymey pgrtain

s@sb Qﬂdm £ 8hdrid QRE o PFCkampPied Et?ﬁ%%os@ymkco@ﬁolsk golyf)%cyethylene

| ul ose acetate succi nate
SQ!bﬁq’lr?é'd sorhibln@n@rmemcrxs&lhnmqihmm alnmindm trhetahydroxide,

| so for ed to provide
béi{t%\?;iv?eg%g com %)“FCFG?}&HX?@H%M H?thlﬁeé; g‘}ij‘fﬁ?ﬁ/e i ngredi ent
us J Fg.l,ltematlwaly thie phexasqehiticallvpeipoxitions py Itqheffﬁtféilbdon are formulated for
adiftinistrafidn nyQnﬁ/a?at}/olnn guRabclg 9 %rlrr?ancseutu?arl cgrtnpgéltigr?s or admuustratlon 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.
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matrices, |iposones and/or m crospheres. 10 In

addi tion, the pharmaceutical conpositions of the
wonreE@azoss nventi on may optionally contai n opaeCTS2®6/045099

agents and may be fornul ated so that they rel ease the

active ingredient only, or preferentially, in a

certain portion of the gastrointestinal tract,

optionally, in a delayed manner. Exanples of enbeddi ng

conpositions which can be used include polyneric

substgpces, and waxes.. .The.actj.ve ingredi ent can SO

e AL R R R Y A b E s RS STop e b,
phaenazeutici] eombositionsbdie inkentvn el tgpicalpt &thrise the active ingredient

a&% i@fsﬁlg%bﬁe lgigp%gntggéc?ﬁga% aigfxﬂ)g?<§i§;}<’)r%rrgléthgndeﬂrpcihﬁrg &ér%rl}lethane,

dRIhISBRERALbLR e AGeE BBkRIeMekfr QRRablEb4d. 0emul si ons,
solutions, suspensions, syrups and elixirs. Such

| i quididiberally, therpharmgqsubigal| cpmpeniliongeay beintbe ifern of a capsule or
chBfagek i, pi bl 5t Sl S A FOAEYfrenion and

agomider fuitabds for msh ims pewtig inbdlen hlitabilspopwdirbases inclode, by way of
ethg& FaébonatF ethyl acetate, benzyl al cohol

SHERDA 1585 85 P8P opyl ene gl ycol, 1, 3-butyl ene

gl ycathe ®intgbouadsiehtheadsivébivh @as ARE beQdaiinEiud tr&@dBrmally using
erm olive, castor and sesane qils gl ycerol,

@%WM&?WF Jelivary syrams sl w@mm% E ofpXAIRRlS, Hepmpound of the
ifhti¥n 85h He 8@hBled \gg‘m P&hﬁéaﬂ@ﬂ enﬁagersm%%}g%s}gﬁeeg;r%oyl,

Suspensions, in additfon to the active Ing :
pebrstiaienezyen] symediunate sayenydoakiwh2 anes ind thedikephumd incorporated into

I ' | a hol s, l.yvaxyet hyl ene..

el skl AR B, S ERERNE R HE g Bing agents,
enilldifitronad bagfefﬁ, mambrmisgch Mdmghitgmsderbﬁn b(ﬁﬁbb:ﬁtfions if desired.

agar - and tragaganth, and m xtures, thereof. | ..

Al't erﬂ%af?’l}aweg R PSR e RS RhegReeicglpgmpositions
of egtbicpPirdeftiéb@r mul ated for adm nistration by

i nhal ation. Suitable pharmaceutical conpositions for

adm nistration by 30 inhalation will typically be in

the formof an aerosol orFuIld%ﬁgﬁfExéﬁ#ﬁgﬁgonposi;ions

are generally adm ni stered usrng wert-kitown delivery

devi d&md gelatin capswenidt erad dduhirsistrativmadre preparadr as fooater

i nhal er, a nebulizer or a simlar delivery device. 22

WD 2007/ 062058 PCT/ US2006/ 045099 When admi ni stered by

I nhal addredientsi Ng a pressurized contai ner, Aldd@nt

phar . : e . . !

t ypi CAMEPWGASthe MVeRoOmct i ve i ngredi ent S8E a

sui t dlacspfsppat-laed), such as di chl or odi f | 206rmmget hane,

tri chiasRbiuwpsienmtdane, dichl orotetrafl uorgpgihane,

carban.dioxide or other sujtable gas, 5 Additionally,

t he pharnmaceutical conposition may be in the formof a

C alps l]i_l@)r@;éntaﬁad_s Prdcdgere( 'MHéiﬁlgréddliér%tE &ﬁi’d&bﬁuugﬁfﬂmandeddand then loaded
ge atin) copprjsing a.c ound _of the_.lnvention an a
Dowd PO R BFlalin SAPSUE (A80 TaE BEGRIBPOTIHPmPRTCAPEHEY ab o

powder bases include, by way of

23



10

15

20

25

exanpl e, lactose or starch. The conpounds of the
i nvention can al so be adm nistered transdermally using

waQokeesst r ansder mal delivery systens and excPOTRISR®6/045099

For exanple, a conpound of the invention can be

adm xed with perneati on enhancers, such as propyl ene
gl ycol, pol yet hyl ene gl ycol nonol aurat e,
azacycl oal kan-2-ones and the |i ke, and incorporated
into a patch or simlar delivery system Additiona
exci pients including gellin ent Q sifiers and
buffers, nay be used in g%f%u?lﬁﬁg%gwﬁ'?E{onpositions
i f defdrd gelatid 2agdigesifof bAMadgirfistfaiohairé prpatdd A4 FoN GV
representative pharmaceutical conpositions of the
present invention: Formnulation Exanple A Hard gelatin
?affq£§§d%ﬁ& oral administration are prepgggdn@s

0 :
i nver@angpousd afghe invettdore (spray-dri ed) 200 mg 25
Magnesagm stearate 10 ng Representative Fgomedure: The
I Ngr g . hly bl ended and then | o
into%gkﬁgﬁgngg g%gﬁhggﬁsule (260 ng of co osi??g% per
caps@ﬁ@?¥m§@1§§mﬁ@ 2007/ 062058 PCT/ US2006/ 099
FormiTati on EXanpl € B Hard gelatln capsulés for ora

Amouriersshieie el e reforols 25 Rigrea b CR R hon passed
M cr ahkrfoyigh alNid. 48 iesh W/Sosieve andripadéd idvghasd getutin capsule (200 mg
stearagte 2 ng Represenjative Procedure: The

i ngr &dicemPesEPE PEREAPSHEH v bl ended and t hen passed

through a No. 45 nesh U S. sieve and |oaded into a

hard gelatin capsule (200 ng of conposition per

capsul e). 15 Fornul ati on EormmhationdExample C

Capsules for oral administration are prepared as follows:

=
A

Ingredients Amount
Compound of the invention 10 mg
Polyoxyethylene sorbitan monooleate 50 mg
Starch powder 250 mg

Representative Procedure: The ingredients are thoroughly blended and then loaded

into a gelatin capsule (310 mg of composition per capsule).
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Capsul es for oral adm nistration are prepared as
follows: 20 Ingredients Amount Conpound of the

wonvemk2ss 10 ng  Pol yoxyet hyl ene sor bi t an nonBOTAEL@®6/045099

50 ng Starch powder 250 ng 25 Representative
Procedure: The ingredients are thoroughly bl ended and
then loaded into a gelatin capsule (310 ng of
conposition per capsule). 24 WO 2007/ 062058

PCT/ US2006/ 045099 Fornul ati on Exanple D Tablets for
oral administration are gFERARPDnASLRIEPS:

I ngredi ents Amount 5 Conpound of the invention 5 ng
St ar dlabBs fog oralladmaistyaticul are pecreetd asl folewss ny

Pol rolidone (10 wt. % in water) Sodi um
car%g‘“x%%— ﬁ{s starch g, 5 ng 10 Magnesi umé?‘gg?tate 0.5
ngy "Cajnspohnﬂg)flii&pﬂnesmﬁratlve Procedure: Thengetive

i ngregdigpt, starch and cellul ose are pass;@)

thro a h U S sieve and m xe trﬁ%roughly
The l{gﬁcmﬁf%ﬂ!ﬁecgﬁﬁw nyl pyrrolidone is

588 with

t he Peboiinylpygrolideae(s0 wan iniwatenyi xt ur e i s 4mhen

pass &ddivni 0aBbxPmidyl skdrchESh U. S. si eve. Thgs giganul es

so p *@gﬂ“ffi diied at  50-60C and passeg 4 jrough a
3‘3 Si eve. The sodium car boxyire I

st ar ﬁ‘lc magnesi um stearate and talc (previ &L@By passed

through a 20 NO. 60 nmesh U. S. Sieve) are (nen added to

t he a_1u| é&t er .m Xxi the m S C

on axt ativé rocedure: 'Zﬁgg?ta/edn%rgéeg s&eé?}bmcﬁga%e are passed
ny. tlﬁonthNd ds nEefshl'[ID Besievd addd @ifixgedf tﬁbroﬁ)gﬂly The solution of

adm ni traip pr epared, as fol |l qws

| ngr 2a%, mvffmwah&fer@ﬂét%v@w#wanmz‘sthwmxtwe 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.

Formulation Example E

Tablets for oral administration are prepared as follows:

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

Representative Procedure: The ingredients are thoroughly blended and then

compressed to form tablets (440 mg of composition per tablet).
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M crocrystalline cellulose 400 ng 30 Silicon dioxide
fumed 10 ng Stearic acid 5 ng Representative

woénow@densg: The ingredients are thoroughly bl erdeasa6/045099

then 35 conpressed to formtablets (440 ng of
conposition per tablet). 25 WO 2007/ 062058

PCT/ US2006/ 045099 Fornul ati on Exanpl e F Singl e-scored
tabl ets for oral adm nistration are prepared as
follows: 5 Ingredients Amount Conpound of the
invention 15 ng Cornstar s mel | ose
sodium 25 ng Lactose 12?5&?%@15%)% g%rst earate 5
ny RSugle-sndrat itatdetPforomdlLadminideatipn gregutiepatd asfadlows:

t horoughly bl ended and conpressed 15 to forma

si ngliegredien’d tabl et (215 ng of conpositiAfsuper

t abl ey —FormmgfatTom Exanpte G A—SusSpensTt o for—ordal
admi fresepenndgd themyeatio ed as fol l ows: 283 Mredi ent s
Anour@orn€ampound of the invention 0.1 g BOmmsgic acid
0.5 g:mmhem)moa{mﬂe 2.0 g 25 Methyl pargpbgg 0.15 g
Pr opyl fJaraben 0.05 g Ganul ated sugar 2 g

Sor bi 70% sol ution) 12.85 g Veegurn (’9 nder bi | t
Co. )Ma@e@“!}@s‘ﬁﬁf&(ﬁ‘orl ng 0.035 nL Col ori ng® M5 ny
Distilled water g.s. to 100 nL 35 Representative
Procedure: The ingredients are mxed to forma

SUS p@REprésantative 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 Olg
Fumaric acid 05¢g
Sodium chloride 20g
Methyl paraben 0.15g
Propyl paraben 0.05¢g
Granulated sugar 255¢g
Sorbitol (70% solution) 12.85 g
Veegum k (Vanderbilt Co.) 10g
Flavoring 0.035 mL
Colorings 0.5 mg
Distilled water g.s. to 100 mL

Representative Procedure: The ingredients are mixed to form a suspension

containing 10 mg of active ingredient per 10 mL of suspension.
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containing 10 ng of active ingredient per 10 nL of
suspensi on. 26 WO 2007/ 062058 PCT/ US2006/ 045099

woéanimezss on Exanple H A dry powder for adm ni BCTAISRME/045099

by inhalation is prepared as follows: 5 Ingredients

Amount  Conpound of the invention 1.0 ng Lactose 25 ngy

10 Representative Procedure: The active ingredient is

m croni zed and then blended wth |actose. This

bl ended m xture is then | oaded into a gelatin

i nhal ation cartridge. gL, GABL & f gt he cartridge

are adm ni stered usi ngTﬁW&g_‘r—l‘#ﬁTg?@r 15

For mA gry pewéreliop hdminigtratiop byankidatiérois maeprared a¢ fodloivan

by inhalation in a nmetered dose inhaler is prepared

as fdhgaMBﬂn§epresentative Procedure: A sggﬂﬁmslon

cont T Y-of—acomnmpound—of—the—nventt+ot—and
°mﬁ/§i‘f‘q§’c %th?i‘fweylﬁ?epared by di sperstfdr80 g of

actldéwgﬁeconpound as mcroni zed particl e85wg h nean

size less than I0 min a solution forned fromu.2Z ¢

of lecithin dissolved in 200 nL of dem neralized

wat erRe F8Rntative REOKIIRR: | PheSRAPY i dﬁj%rlzﬁgnﬂg (IJmEH)%izeﬁ and then blended

resul t material 1S mcronize 0 particle ng

a me awtlai %%fﬁ?ﬁe T hisdglendedamixturg lmheﬁﬂeaqwdrlnﬂocﬂ @ata’r mhalatlon

| oadgy W t ressurj zed

112 careP. SRE EbueRE S gl Carifef 3R et bucipt Beins aggwaer inhater
injectable formulation is prepared as foll ows: 30

I ngredi ents Anount Conpound of the invention 0.2 g

Sodi um acet at e buffer %@Mﬂ 120 M. HA (0.5

N) ora N@%b&@er@of\hdlﬂlmsﬁratlbﬁ b il ron/ B S efeflBddsk ﬁgaéer is

sterile) q . nm. Représentative Procedure:
PEPEIRL 9 @Uﬁents are bl ended and the pHis adjusted

1o 4 pdbrexehifd Plocealle ™A s@ipellsin @om%g $%t % ofa 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 um. 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
HC1 (0.5 N) or NaOH (0.5 N) q.s-topH 4
Water (distilled, sterile) ‘ g.s. to 20 mL

Representative Procedure: The above ingredients are blended and the pH is
adjusted to 4 = 0.5 using 0.5 N HCI or 0.5 N NaOH.
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27 WD 2007/ 062058 PCT/ US2006/ 045099 Formul ati on
Exanpl e K Capsul es for oral adm nistration are
wonrepacadsas foll ows: Ingredients Anobunt 5 CeapasSze/045099
of the Invention 4.05 ng Mcrocrystalline cellul ose
(Avicel PH 103) 259.2 ng Magnesium stearate 0.75 ng
10 Representative Procedure: The ingredients are
t horoughly bl ended and then |oaded into a gelatin
capsule (Size #1, Wite, Opaque) (264 ng of
conposi tion per capsubgl,uERbiikakhpM K Exanple L 15
Capsules for oral admnistration are prepared as
f ol | dvepsules fryrasali askmisisrtiomere [Eopryed asifadfowshe

I nve 2 ng Mcrocrystalline cellul gse (Avicel
PH 1 &grg@% tsn,__‘ ng 20 Magnesium siearate ORV'@“%'@
Repr@mnpmmd\tétﬁ%fbﬁ»eﬂﬁme The i ngr edi ent s 4@56emg

thorqm%cé Llﬁﬂésa\,@%m\a ;i mt%%g@%%“ﬂ

ca 148
coﬁ;i@g} S‘r‘f“b%tFa‘J?? capsul e) It vm | 1_be urﬂjy §’cgood

t hat any form of the corrpounds of the invention,

free

Ui t aBrEp ey A AREEE e ABishiond] a3 htBh ety I dsﬂ and then
can biadsdihto a gelatinphapsute (Biué #LAWhiteDPsqle) (264 mg of composition
di scussed ahav 30 Utili The

benzoPfi GR2 %bne car boxami de-deri ved carbamat e

conpounds of the invention are 5-HT4 receptor

agoni sts and therefore_are expected to be useful for
treating nedical condEemauationBxamplelby 5- HT4

rece 35

et gpyef Forteahahtaitb redrbiited SERRRR:

anel |1@sradleut8by treatment with a 5-HT4 recapbant

SPRognd;of i Inbentiof e ndrome (1 B&? ™é&roni c
consNﬁﬁWlhﬂ@ﬁ@lql@ﬁ%ﬂA\@% Eéak(i@ del al@0gmsetri c
enpt Wlaggesiugesiearaesophageal refl ux di sease. '(ﬁllgD)

gast roparesrs, post-operatrve Tteus,Tntestrmat—28—

Representative Procedure: The ingredients are thoroughly blended and then loaded

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

capsule).

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

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

Utility

The benzoimidazolone-carboxamide-derived carbamate compounds of the
invention are 5-HT, 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 conditions include, but are not limited to, irritable bowel syndrome
(IBS), chronic constipation, functional dyspepsia, delayed gastric emptying,
gastroesophageal reflux disease (GERD), gastroparesis, post-operative ileus, intestinal
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WD 2007/ 062058 PCT/ US2006/ 045099 pseudo- obstructi on,

and drug-induced del ayed transit. In addition, it has
woearT/suggest ed that some 5-HT4 recept or agonPeT/US2006/045099

conmpounds may be used in the treatnent of central

nervous system di sorders including cognitive

di sorders, behavioral disorders, nood disorders, and

di sorders of control of autonomi c function. 5 In

particul ar, the conpounds of the invention increase

1 _ . . .

oStk e ioph 45 gHASURLEH 3L Uorble 1o bid@bn 30 fad QA suggested
thiah eom&S-HT asdceptan sgahist compoundsimay bie lus¢d/in the teatmedns of central

SR St T

dixerders, pat idor@ire pEaHD bf abtohbindbfmchonel syndrome

(G 1BS), diabetic and idiopathic gastroparesis, and

f uncti gagicularghg gemppands of|the Brysniepirease pgtidifpekthe

Lhe i . ! ! . N
gof 1t he gagtgpotﬁ?? éeﬁg?ﬁlﬁg?rt r gc?tqldgg gé %W%ﬁ%%ﬁ%w of the
 drapt cazisedy by teduaed metilifyint oamivals, ieaiwdihg Aumans. Such GI motility

| call f tive a nt. of armaceut i.cal .

alsgRASBREAS oy Yol o sk of RN Hie Bon<RoRiR BB Rty §fpgedominant
ircizatyle Bowahsgyndrane (CHIBS), diabictie ahd ittopdthie. gadivopihesis, 48 dunctional
dto treat disorders of reduced notility of the G tract

$WPBfter conditions nmediated by 5-HT4 receptors, the

CONPaHBHS affect, ieerbfveE Mhd RPReMidd plo¥Rics alth#th& of increasing motility of

admnistered orally in a single daily dose or in

tha gastrpintestigakisach & a magomal, theouethod chmprisingradgnipistering to the
SR SO LR il M AR omprising
phaimacesti @llychcpeptaldla gamsiek bnd g gomabliyd bfthddhesmtioned by a
hysi.gi [ 0t l.i ght t | t .
Ci Y colieeRiedlo Soa g Yrretueoanish of a3l et e lirer conditions

niddéatedbg STHT S Ruéfon] the ddhiposhdabf BB intdhGionttillalpically be
conmpound adm nistered and its relative activity,

t he
adgaistgpsdgrelly mrrsipgle gy doss or inanpligladasgapersiay alftough other
R TeMBlihista®dn HBG bRALLE nfﬁ%arﬁx{ﬁgt%tive Qékglt Ee ididtkfed per dose

Sui tabl e doses for“treating disorders of reduc
opteithial gmofint ddnigistarediper day willigpicaltbel dstermined by a physician, in

' -HT4 receptors w k.l range .from abaut
e Mokl s AR Ty g R el Bebaced, e chosen
route bfiaddminidtravionaihe uttudl Sdidgound sipgitistebedrandk {i4 ehaytiveRtivity, the
an average 70 k man,. this would amount tq from
i U B TSPt oy il PRSPt SRYaty O s tentis ymptoms,
apdeheagect of the invention, the conpounds of the
invention are used to treat 30 chronic constipation.

When Sysabledgses for freatingdiserdesmiirediner spotility of dsrigbsat or other
dRbrdeiemeliAV&ity Sy bleptdtRivARx gebﬁmﬁ%]%&e cf.b@dve@ about

orally 1n a si'ngle daify dose or in nmultiple doses
20 eng/Kglday pf adtiveaigent, inchuling e about PHAOT teyaledut ding/kg/day. For an

a&é%QEé ‘7(5) ﬂé hﬁ{ﬁam ljhis \if&ﬁg%n{c{u%moaggﬁtab%up 3.05 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
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 about 70 mg per day.
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to about 70 ng per day. 29 WD 2007/ 062058

PCT/ US2006/ 045099 I n anot her aspect of the invention,
woheo7memssunds of the invention are used to trear/us2006/045099

irritable bowel syndrone. Wen used to treat

consti pation-predom nant irritable bowel syndrone,

t he conpounds of the invention will typically be

adm nistered orally in a single daily dose or in

mul ti pl e doses per day. Preferably, the dose for

treaty Qﬂoﬁ@ﬁ&bb%ﬂtﬂ&r&eﬂﬁ&g% ourds'o gout ?u;%ﬂw arg used to treat

syndrome w | | "range from abdut 0.05 to a
irgigable bowekbsyntitnene. aWiheo mserd to tirat pﬂménmtlom-pretdmmmant 1rr1table bowel

%?g?@gg%?egkg%% 4 oW tﬁg Enal 81’[1 r%/éfgt%ypdcaé%eteer ecﬁmmsgérgg orallly In a single
daity tiosearia smﬂupltehmsm A dPreFérable the dvse Hbi t@éhtMF'cbnstlpatlon-

t cally be admnjistered orally in a single d

E%‘QE“B?M iIItARIP PPFELSIgEEe Wik Fa‘&!&;ﬁ orpabet 47 ip ahOHé70 mg per day.
dose t @hothbLA b&%ﬂh@ﬂﬁ%ﬁ’&oﬂ d E&Hﬁ&ﬁﬁl’s g)f Wd i 4f'tvéﬁ’mﬁ)eare used to treat
from about O. 10 to about 70 ny
dighetie gatstr@@p@@ts th@mesedrtv el dmbettdwstronpgmdhe otbmph!mds of the

n Ct I O n e
i T T N—
pef dayh &referabdyjithodoss fot trbzytmgxhbbgtlcb@s&dmrmxs 6l @ghge from about 0.05

orally.in a gle daily dose or in nultiple doses
ta ko 820 &P%F%?bbly, the dose for treating functiona

dyS pe:pyetaarwtﬁelr abiieg 6f the MR enbio] the cBmpoliRds 6F A QWenﬁQn are used to
ngtéﬁ da The invention al so provides a nethod of
treftdypetRy dyspensip. NERsOHsed tefreatdynctinal dyspgpsindhe compounds of the

iRRARGH LB S pMAR b Aﬂﬁnfs?&@@&ﬁﬁlg% ta's}r’ﬁ%%’ daity GosTr t11r‘1)g1u1t1ple doses

conprising admnistering to
pentiaya Feeferabdy, the éqsseetbr treaingnfvnctiorsil daswpmpmﬁdange firtwe about 0.05

td {d, %@%%8&&% phar maceuti cal conpositi on

conpri s impound of the invention. 20 Since

co n’pdlhadxsvamhoh hsol prydides ®metticd &F trfbfing QGRRANATal having a dlsease or
nds are also_ useful as researc

I Sts, h co
oG o R R T oo et fa Y e Br g b FomPr 88 pRstering to
tHemarBAP b @ferhitiosll pefridive @GRALOESa cOhpb@id GF BE MRLEBT or of a

new 5- HT4 receptor ‘agoni sts. Nbreover since
Phamsseniirsl mmpmtwrnmrmsmg axhimipotnd pﬁmengvmtioact ivity

for §1ri€r£%o ﬁé &f @ @eﬁﬁ @feeﬁj I—ﬂ‘ C o %&ﬁls{sz guch compounds

receptors o ypes, part
arg-al§pusefid @pt@egrchﬁmih fmnpcamgdisngDEstpdymg t‘delaglbgll systems or

bl SOt B RSP etle ngE oS Lot R
l\/ﬁlﬂyox&b,l stirede] @mﬂﬁuﬁﬂ@@f thalin Fensiba BxBibiSEIAMING sbR¥Iivigy for STHT,

rece ors na Io ed in such studies which
ToREpt 8 %f HEP I}%g&m TegeryPrs; of ojhey o-HT subtypes, patticularly

5REP/ 1R66N61R! 8 dBhipoRfiSAt partihu®irly %’eful%@%h&ygng tid GRlcEs of

for such studies include, but are not Iimt
sededtive agewismf5-Hdx recsptoss inzpbislegienl sysamrasespld | Asyisiitable

blﬁgc%%at? gystém MLﬁpfeslﬁ%hgaﬂs—ﬂﬁgceprt&"s ?nay%u | enml?logecpm such studies

which may be conducted either ir vitro or in vivo. Representative biological systems or
samples suitable for such studies include, but are not limited 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-HT4 receptor-agonizing amount of a compound of the
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dogs, pigs, etc.) and the like. In this aspect of the
i nvention, a biological systemor sanple conprising a

woe-2bide62058cept or is contacted with a 5-HT4 PCT/US2006/045099

receptor-agoni zi ng amount of a conpound of the 30 WD
2007/ 062058 PCT/ US2006/ 045099 invention. The effects
of agoni zing the 5-HT4 receptor are then determ ned
usi ng conventional procedures and equi pnent, such as
radi ol i gand binding assays and functional assays

u a i t
II%HBO{ r ggtgé Fﬁn (IQS 0? g% rX?Cin% @l%e d% %@glrn%?)ﬁ%n%g g%egl (ﬁeg? 1ne smg
cémftelﬁﬁ))nallprq&rmrmuaﬂaqmodmrnyeh a$ mchmligemdttyndiﬁg asmaydand

e nz a%g% r;;/‘ ah cl ag gl qg\é\gjyls ?R@E&Eb]g he S ﬁme’/éﬁ-ép%ﬁsm intracellular

cOEL OURABS hEonbp RSP BB AE AMITT Mzand eddiAsd LMk AR vity of the
?éguano& ne 5' &j -thio)tri phol)sgphat ei}gor GIP-Eu, int oy

enganeadanyhi ﬁwla#e(évmdasmmeép EP cdiatorhehsagesin
R A6 B S RIS, 0t

ree
gmmiihe 5'- W—Gyktgg))friph?élﬂﬁ@?/b raala @Tf;-ﬁhﬁt&g Mtétgll'rﬁﬁlb@ir@% &ia receptor
reader or, FLI rom ecul ar v],ces nc
c g)?ﬁ‘i’ ErPES PL 1(%1)%@}?%8 40% PR "é’&k}ﬁso’t‘%ar"r‘i“%P%?é changes in free
MBI 1aRE41b1RE 1098 (mPastPsl I Ekaftipid, Nﬁtﬁ B YfBdsO&hoBBhked imaging
agoni ze ncrease the acti vat| on of 5-HT4 receptors
piate zaadendr RE{@R%’Lﬁmnleabulasanses, ilis¢. b dnd mesagurement of mitogen
{ 5 .
oSSR o B A 5. Dy TR e OB 8 agomice
or amvgensé themctivation 4f Srdtyretdptors dn atp uf tIﬁ(fﬁnﬁmhnﬂsays listed above,

15 Addl i ana the,c ounds,  of the. invention can be
°h §%9&y%1% 3 %‘&Eg’l%’ﬁ“‘(% f TeEPIOTGRRPIZNE RGNS 4’°mp°‘md of the
inemeph %uaﬂﬁaalgt Rangé frohhitoue MhafbABRY to abdtt400 Se8MhS ar.

bi ndi n functl onal data for a test conpound or a

gr oupt tl? Y, Bsraosureyads of the ipeangignicgn by aisedsagypgearch tools for
dis%B@éHr%r nd 5 %’f‘greggptgf‘ 0ah, @At él‘nlg&fual%n@ @Wﬁfb@eﬂ& binding or

the invention to Identi test conpounds fhat have
fengtionalodatpforgi uag oomp‘ound or argabupamﬂtbstidompquhdamwom'ﬂar@ to the

ven ar. at

St fordioe bR o SHER R drtateA ool S RE N fiipn to identify tes

copotigdst thet lgversapériattindisg ay ﬁjnc&ﬁﬂaltd&ﬁvﬁﬂafyﬁy ST abpit of the
test datﬁ@io identify test conmpoun 6?1 |nterest
DYFBHGN SAtes pRoise Rt eI bedmsBiEn bt egﬁeeram Gagpparison data

(ﬁ@ﬂg t&%ﬁr&ﬂ?ﬁ@a&%@ Sn® HeSiMalysRAUFhS tedt itatd ﬁieﬁﬁ@r tést compounds

receptor and to exhibit substantial selectivity f
of tessT4 receptor 25 subtype over the 5-HT3 receptor

subt mﬁot{xgo{h%g beJ e&?égd ﬁ%&% o?ﬁﬁﬁ}ﬂ% ntﬁﬂlrl‘?#@g 'been found to be potent

representative c npouh FRVenti on
agemsin ©f thet M’E;trpmptmranﬂha mhxb(ﬂsuhsi’ahnal spleofieity forshe H-HEL4 receptor

model ds of t h

e elBEG e ST oHEeR el Bt Lo aT Bk Gysn Fartars

rﬁ?ﬁédﬁtzﬁivé abmpounddotidinveatfion hews éSaosiiatedssupefiBiopHagihacokinetic
(0]

properties in a rat model. Compounds of the invention are thus expected to demonstrate

good bioavailablity upon oral administration. In addition, representative compounds of
the invention tested in an in vitro voltage-clamp model using isolated whole cells
expressing the hERG cardiac potassium channel, have been shown not to exhibit an
unacceptable level of inhibition of the potassium ion current. 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
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35

the invention tested in an in vitro voltage-clanp

nodel using isolated whole cells 30 expressing the
WOEBRG/062058li ac pot assi um channel, have been shorOTUSR006045099

exhi bit an wunacceptable |evel of inhibition of the

potassiumion current. The voltage-clanp assay is an

accepted pre-clinical nethod of assessing the

potential for pharnmaceutical agents to change the

pattern of cardiac repolarization, specifically to

ol EsRoB B1aB5 I A dRa Al Ml Bprytenig, (Covero et al, Opinion

oas‘ymmateéempymm dj 247-33 rHeymiiniiea al.  Natwes BeatwalDrug Dzscovery,

2@@5,2%, %9»9]@?& ljg p% h A a Iébﬂ%g;@ %%g,os?t?%mp?%&nné compounds of
K3 Avérition zﬁ@‘é@béﬂté&iomavﬁ AarEBGRAB1E 6AiILPFORRL t | ONS

conpri sing conmpounds of the_ invention are expected to
have HIeSaPIOPpIEs] 28 elk ag fél@ usilisy pf the cgmpuggs of the invention, can be

d@ﬁl@ﬁ&ﬁté@ ﬁsm%%aﬁ‘@dsl in 33trd Bfid B bibb b¥safl vkﬁ%%wm%ﬂ&’s% sﬂlled in the
the inventio can be  denpnstrateq usi ng vari ous
artj (Represeutative gssays zre sleysibedlih fiknttoamadetadl mhhlssﬁ)lblwlhg ethples

in the art. Representative assays are described in

further detail in the follow ng exanples. 10 EXAMPLES

The follow ng synthetic and bi ol ogi cal exanples are

offered to illustrate the _invention, and are not to

be construed in any way aSEWPLFé the scope of the

inve "!ltﬁe%llowirf%gyﬁﬁleﬁé aHY Ibf‘(ﬁo S8AI W amip& 40 'off@f@dqg illustrate the
abbr evi ati ons have the foll ow ng neani ngs unl ess

inyentipni e arpapictatheconginmdainiany iveyssiinitingithe expph off e invention.

Il?giétee%ﬂ éisyt%a (r)tﬁ%/ F&l&%ﬁ%%&%\%vi‘a@ H?ﬁ%ent%% l?&glng meanings unless

othecwisbonditaed. Dﬁldbrevdatmlnls nbt)dl&ﬁrh:dﬂmlovDNEWFthelr generally accepted
N, N- di net hyl f or mam de 20 DVSO = di met hyl sul f oxi de
5= ethyl acetate nCPBA = m chl or oper benzoic acid
MeCNBocacet oni t ri kg MERRycarbRy1- but yl net hyl ether 25
PyBogBocRenzet r i azkers-butyt iR4ayidnaryr r ol i di no-
phosgj@M um hexaf lgygichrsphate R = retention factor
= @M t enper aliiimethylformamide

DMSO = dimethyl sulfoxide

EtOAc = ethyl acetate

mCPBA = m-chloroperbenzoic acid

MeCN = acetonitrile

MTBE = tert-butyl methyl ether

PyBop = benzotriazol-1-yloxytripyrrolidino-
phosphonium hexafluorophosphate

Ry = retention factor

RT = room temperature

TFA = trifluoroacetic acid

THF = tetrahydrofuran

Reagents (including secondary amines) and solvents were purchased from
commercial suppliers (Aldrich, Fluka, Sigma, etc.), and used without further purification.
Reactions were run under nitrogen atmosphere, unless noted otherwise. Progress of
reaction mixtures was monitored by thin layer chromatography (TLC), analytical high
performance liquid chromatography (anal. HPLC), and mass spectrometry, the details of
which are given below and separately in specific examples of reactions. Reaction

mixtures were worked up as described specifically in each reaction; commonly they were
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TFA = trifluoroacetic acid 30 THE = tetrahydrofuran

Reagents (including secondary am nes) and sol vents
woenw@/oeensshased from comercial suppliers (A #CTais2006/045099

Fl uka, Sigma, etc.), and used wi thout further

purification. Reactions were run under nitrogen

at nosphere, unless noted otherw se. Progress of 35

reaction mxtures was nonitored by thin | ayer

chromat ogr aphy (TLC), anal ytical high performance

| i.qui d chronat ogr.aph anal . HPLC),. an SS
pusifled Py RREGTON Y SO b Eonion oS A B e eTeygiyend solvent-
deprhdsRiRyath gk tidr) ab® pedclipifation 2P hddtioh, refdivnl Aikdures were routinely
eaction mxtures were worked up as descri bed

putified by prapatative BRIy & ganeral protoed) indpricyibed bglofe rhaggcterization of
reftig? g?d&&@%%% %ﬁéﬁ%&@@g%@ By thasP Hﬁc}]f%’m?]pectmmew. For

extracCtion an purl. i cat |_on met hods suc as
NMRpueasturemaent, samplesobere dissolyegd ém dewteragadsoleant (CR OB CDCls, or

b on. | ddi ti Cion. m
OSP34 SENMR smbdiis ot acyed fa  BHiaR LR 2086 ritrument
(3000MX) lunider stmsdard dlesdriationwonditishs c Unldsg athiepwisefindicated, mass

reaction odyct s routinely carried ,out mass . ., .,
SBERO SRR RGI HGR T o POREHS HERRTHIES, e lpertospray fonization

. 1 2. t )

S P PIRG B B R (R ) LR nddobAR RS0 EX
ingument veen AgileatitPale 2000CAhsde LERAGBDNRsyumerder

stan %%%ggpﬁrgg&%éfgp aﬁQ@?{‘gLi APEC: H%I???crﬁh@ géép%ﬁﬁnds was dissolved

i ndi ¢a ectr tric 1dentification
irc 50HAMeCEN/He@ (péth 0ok UEF A)yat - |0sog/inols porgenirativrzand ovas analyzed

met hod iith an | iied .Bj.osyst FqQster Cify, ,
bR e T B S B RA tlr ER: ZApoR B PRy RP i gum of
ph¥ticts si&é))2. RGO mdd,Of) fldw Meb 0.5 SiI/HIRM)- 5% MEOR/EJO containing 0.1%

rotocol for analytical HPLC. Each of crude conpounds
(ignosatish Ped)-5 mink G MaGW/ERO qamiaining, 0y YR te,7 5% MeCN/H,0
- C/: i e a . Y b
oo T THATRREGIAALACD:S SNGS)LHEAGL EYse, wa 280 am
Qiberand Boms sisédPare Indicated whepewer netessayze, 2.1 x 50

nm ; flowrate, .0.5 ni/mn; 5%, H20

Cont 4 ke kpre R R pRYE R puniearign e e comppunds were
dids6Neiizh) 50 dcatit helg if) whier hEA0 1100 thdamiYE éduceRitation, filtered, and
containing 0.1 %T,FA%%inear radient: 0.5 - 4 mra

frpstiopated piipg Preperative BIPLGd cobmm HMC PaoksProG1%i(30agn20 mm; ID
S b I PR S0 8RN lpin: 3) flow rate: 40
mdonpouddistention: 2H smol ved in 50% acetic acid in water

at 50-100 ng/nL concentration, filtered, and 20

fracti onated using preparative HPLC. 1) colum; YMC
PRaskatRino S ondda AMmides mm ID =5 m; 2) linear

gradient: 10% A/90% B to 50% A/ 50% B over 30 m n; 3)

f | ow Rrepgatidof verioik Becohflafeintiats astd a2 Idtefrnediates in the synthesis of

a compound of formula (I) are described below.

The N-sulfonyl derivatives of piperazine were prepared from N-Boc piperazine by
reacting with respective sulfonyl chloride (iPr.NEt, CH,Cl,, 0°C), and deprotecting the N-
Boc group (CF3COzH, CH,Cly). 1-Methanesulfonylpiperazine: 'H-NMR (CDCl3;
neutral): & (ppm) 3.1 (1, 4H), 2.9 (t, 4H), 2.7 (s, 3H). Methanesulfonylpiperazine was also
prepared by reacting methanesulfonyl chloride with excess piperazine (>2 equivalents) in

water.
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Preparation of Secondary Ami nes 25 Preparation of
various secondary am nes used as internediates in the

woeypmi7hesiss of a conpound of fornula (1) are destmiShwd 045099

bel ow. The N-sul fonyl derivatives of piperazine were
prepared from N-Boc piperazine by reacting with
respective sulfonyl chloride (iPr2Net, CH2C12, 00,
and deprotecting the NN Boc group (CF3CO2H, CHz2C12).
1- Met hanesul f onyl pi perazi ne: ' H NVR (CDC13; 30

n e ut File) JY] - deritdVEk of &)efafzme%h aé: 1%d£1¥16th§1@ﬂ1ﬁ&3¥b4(§1§/ iperazine,

anesul f onyl pi per azi ne was al 8o prepare
amie édﬂnm@hmggnﬂMycra@nb overel propated hyxeagmg piperazine with

BT BRbRE S BEeF O B PRl by iRl Rt udiets semeriivel.

pi perTheirasniidoh sfmgle chiral isomer forms of 3-acety1am1nopyrrohd1ne were

PP AP RPN CS POy MBI (eerite 18- spdFbibyecs

chieaat (iPe,NEDEEBTI) 6°w, taﬂd d&i-BRERY ﬂmml ,n;@r(%l CHCly).
I ve

or di nmet hyl am nosu farm chl ori respec

3T(é@emd®py§ph@me &IrNMR (D365Qrds EFmssadm 8 (ppm) 42 (quin, 1H), 3.3-
rgl.i di ared by treatin
3 GESE,23 MRD! 201 Pl SR oF 35 wi o
aC et Whe N kdlhdned;mlfﬁ)gﬂaﬂﬁtwew Glg).éa&SHHﬁ)opyﬂBHdme were obtained by
ro e oc..grou
R W R R AT
cﬁ;lémmmét sﬁmsxhyl ,chldfbde (SP%NE% éﬂkglz, gtd, ard ge[frgﬂecﬂﬁ'g N-Boc

& 52 | kanesul fonyl
g‘iﬁl’é‘Pl( EP‘FQ @HZ@Q ) - ani nopyrrol i di ne were obtained by

10 t AL RGN tgl‘i’eﬁlgﬁiftg tglgbg%%lhg 11 A SoBe prepared following

propi onyl sul f onyl
theyrbiohekofl Inevhil LuDfD G ienc h96)1,i215e 4394-Drynehctingt2€uil Blene with a

S R 5. KRR AR 5 E i
amdieolglldﬁ‘oﬁiﬂé gpA%EHI éd- IﬁphinKo d a8 (815195 9%U%Ybr 8f 211, 4.0-3.8

Loev em 1961, 26, 4 react ng
(qauwﬁ)esén%w«?w 3453 3l B0 b2 | frms PR s, BHD, 2.4 (m, 1HD),

(cat. rt).
Eﬁl 3- tetrahydrothl ophene ani ne-1, 1-di oxi de (TFA
S aI t IS) 1, HIDbib (- EMBDd 6 )| 2\,6-ﬂ5101ﬂmpl®-yﬁnﬂneé Dias ﬁrepﬁfékl as follows:

:f)\,ﬁlzBépqaroﬁﬁtmE 'gbf (3)Z§ %e%{agygg%b:o%@mlm (Jaqzlbmlow? BV,

st"terlié‘ale R. Synthesis 1992, 10, 947- 9()) b%' treatlng with (Boc),0 in methanol at room
(S) - 1, 1-Di oXo-tetrah ydro 1A hen- 3-yl am ne was

temp@w\u@d‘oagbqtgﬂpd\,\g) oxHgtign bwirgg@ng)w@)thg@@PBA infdichloromethane to
B A ORI Byl o 51
and 3)?N-(£Bmaje®&>te¢tlmmﬂ’th@ sllfcate depivative eithelRA i &cﬁlb‘i'omethane at room
teg}%%gﬁn&]ééﬂgé% g%gl%%e%aatngigg wt?‘nycht \gvgsa }sgpageamas a Tﬁ%ﬁ (R) -1,1-dioxo-
tetrahydro-1A° -thiophen-3-ylamine was prepared using the same method, but replacing
the (§)-3-tetra-hydrothiophenamine with (R)-3-tetrahydrothiophenamine.
N-Methyl-tetrahydro-2H-thiopyran-4-amine-1,1-dioxide was prepared from
tetrahydro-4H-thiopyran-4-one: i) MeNH,, NaBH,; ii) (Boc),0, MeOH; iii) mCPBA,
CH.Cly, 0°C; iv) CF3CO;H, CH2Cl. (m/z): [M+H]" caled for CsH;3NO,S 164.07; found,
164.9. "H-NMR (CD;OD; TFA salt): § (ppm) 3.4-3.1 (m, SH), 2.7 (s, 3H), 2.4 (br d, 2H),

2.1 (br m, 2H).
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N-Boc protected (S)-1, 1-di oxo-tetrahydro-1

A. 6-t hi ophen-3-ylamne at 0 C for about 5 h; and 3)
wokBomezspr ot ecti on of the sul fone derivative RCTHSTFA045099

i n dichl oronet hane at room 25 tenperature for |[h to

the free am ne which was isolated as a TFA salt.

(R -1, 1-di oxo- tetra. hydro-1A 6-thi ophen-3-ylam ne was

prepared using the same nethod, but replacing the

(S)-3-tetra-hydrothi ophenam ne with

(R) i
N vecofiad SR ADINRRRLmide pieridine 4-caboxgmide pnd
lv@&r@ydw-éntom)pmeramter arb ydaitabld-bdrhinemyalhn add osee purphased from
MeNH2, BH4: ii) (Boc)20, MeOH iii) nCPBA, 30
ceypersial Ereds ) cFP3copH, CHRCL2. (mfz): [MeH]} cal cd
for %Pﬁ)%h%l aﬁﬂetﬁﬁcaﬂbﬁﬂﬁﬂa Waslg& &ed%b"r%n%@ﬂ%@@ylammochloro—
TFA salt): 8 (ppm 2.7 (s,
‘elmatanM Bocprate l@ﬂ ﬂlpmmo 4 V\D 2007/ 062058
PCT/ US2006/ 045099 Prol i ne di met hyl ani de,
i soni pecot am de (pi peri di rﬁ,renam;mokam de), and

r Y, ahle
rphEld AT Bograplils bR SRR BRI
asanamﬁon@fN—genmdth(Zemtmblmﬁvt)anmat e was pr epar ed

by r ctl th nochl or o- rJmat i th N-Bqc

pr ot 2‘2‘% af° g 881 %l%OIOWEB%W?%bq (g?:)#f Hioll)dﬂ eg?aml

(300 ﬁmprca@&hnia&délﬂmdms adﬂiéaﬁ%rﬂb lagdhe (%'4%1, 8.634 mol), followed
Prepar ation of N-iso-p ni trophen arnine To

by tBopeiteR OF # safuben of PrigeTemPRIOBBEZancs Sgng) in water
(2@42) Mht nhﬁtu% hag Qilrrg&) af GO £ h GRGL ?éhdxgd 28} & ﬁeThe reaction

bath was added isopropylam ne (54.0
was|termpinated by coblengthgimixture ¢é ambmt temppematofe, pod awomting it under

., 0, | i wat e 2
<EleP PR G ol gy byt B e s ol fpveen ety
ethen (800 L) ead b beine svimsioh €300 imd) e Thbyremid lage wikedried and filtered,
m xture_to anbi ent ten‘gsrature and_evapqr

tQ,RERYide the fitledereppediate (9 @) af # AFNERA lighidn gBL- N'@/E@&G@Ch, 300 MHz):
sT(ggml) 8U6AUC 1Ry RR(e! 111, Wg&oq%a% hqubrhal% ?{eg)?rlH), 1.20 (d,

0'ni) and & brine sol uti

6fByer was dried and filtered, to provi de t he t|tIe

er | 9 S range Jiquid. 'H NWR
%%@fﬂ"?u;@%%%—ug—%%%%%%% fHogiign fgh ., 7.30 (t, 1H),
.74 ’Kcﬁa mlkl)u'e & eﬁaﬁar(dl .(6(]0113:1L.) ad ZM (sbeipin hylddpxidd s3itiod (320 mL)

CRP% ingp m%lﬁ a‘f‘\ﬂqu%fb%%ﬁ%ﬁ]gh gloygy.T3Vhilestigting thefn sturry,
]\ﬁlﬁgfﬁggl -NV6@0hiFepha@iyhasnifé @ng mﬂgylﬁbg)ﬂléiglv%ﬁllﬂﬁihgﬁol (50 mL) was

cooled in an ice was ad

é@@i 5T1§9 miqteg Was spitedeat §t°Crﬁ0r a@ mihethgn hgatgd 19185 °C The mixture was

stirred at 85 °C for about 12 h until the refluxing solution of the mixture became a

colorless solution. The mixture was then cooled to 0 °C and filtered. The collected solid
was rinsed with EtOAc (200 mL). The filtrate and rinsed solution were combined, and
evaporated in vacuo to remove excess volatile solvents. During the concentration, the
mixture became pale brown/yellow. The aqueous concentrate was extracted with EtOAc
(800 mL). The organic solution was concentrated to dryness, to provide the title
intermediate (33 g) as a brown-pink oil which was used in the next step without further
treatment. '"H-NMR (CDCls, 300 MHz): § (ppm) 6.73-6.5 (m, 4H), 3.58-3.55 (hept, 1H),
1.2 (d, 6H).
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N-isopropyl -N-(2-nitrophenyl)amne (41 g, 0.228 nol)

di ssolved in ethanol (50 nL) was added. The m xture
woaso7aw2ossed at 0 C for 30 mn, then heated toP8F/US2006/045099

The m xture was stirred at 85 C for about 12 h until

the refluxing solution of the m xture becane a 25

colorless solution. The m xture was then cooled to O C

and filtered. The collected solid was rinsed with

Et OAc (200 nlL). The filtrate and rinsed solution were

OB 1o RSARY AU R YAEUD L el GITP YR CXC eSS

VUI TTE SOl VENtS. —Dart g thn —the

m xt UFcea bﬁuﬁm of)ﬁnlequcbr[wt\/bf yleb I(IQ)NN (Chamamphenid)-N-isopropylamine

(57 B2 Bial, F Bt Rme oo LSt G99 creadidiighidizote (36.7 &

OpZZGVIhQB akBRolili! rBe ﬁﬁxfu?é Wagﬁﬁlﬂr@d finde3 AnWmasHhdre of nitrogen gas at
br own- pi nk oil which was used in the next step w thout

ampieridemperpaie fasisbout 24 yviRhe aidies wae congepirated it Banyp, and a

Sl it s %@d\%@?&d@i@%@%@%&mﬂ@ﬁpm i) 8 g solution

(100 sxﬁ.pr dlhy lordanis Miyénwdasoth2hiwzehad with d Adl phdspineiclaeidamultiple times

on. of t r od of ste b),
RE o r e SR pEsRopii el hetinesirgm dgistigppypate yellow.
T dr @Iﬁ@ﬁ)’lﬂﬁ&ﬁ WagBvdgebitedto dMasssad gﬂﬁi\nde the title mtelrmgdlate (34 g) as
as a soli

car bonyl di j m_dazol eéSG 7 0.22
apse yel Eil’(%?’é Whigh slidiicckFlowieen sadngD Eﬁﬁ erEtyotf the material was
aEée%é?ﬂﬁn H8VRIwHCcR &g ﬁ@ﬁ&@ét@ﬁfé pfuﬂﬁy aROMR fcB10D, 300

he m Xture was concentrated 1 n vacuo

MH@)}I&GPQQ!) dad @O @ei e 4v6abepti, $H)i bée édi 65Dt Wwéd: [M+H]"
cgfc%-gr& O?Lg{@lg%é 19,;16? bgi.Rg 1§2I2ut ion (300 nL). The

gani c hen washéd with 1 M phosphoric acid
nrul t i Auhed. HPIVE'S reténtidnximk®6 277 it (99% plukiey)c 0) eslumh: zbuebax Bonus-

% 3852% %‘é“d%’ %‘rﬁg 5%01' LN a{}g ﬂgg’vgr\émq tgo%q%?.lﬁggg %b bsocratlc condition

(POR\so8Rnt BB kbiOeht K PfoMth & i Ahe liASar EPaderR 3 0% solvent
el low oil which solidified sIOV\Ay on standi ng. The

29 %ersplvent Arverd mein (BelverisA =29 seater/Ag MfFCNWRl mffﬁ» solvent B =

9'0*90'3\/&%3\?@ 00;};/5*@}/@ ‘i‘)(a%M i3y Jd{a{ysm M’X%ZI @Qfﬁﬁ% 389 (cr.cLy).

Lidgid chrof@atograpBydnasy spezirompetvir i €EMS)d(nez): tm}ma&m&mmmmmgo
lﬂ%gogcw 177.2. Anal. HPLC. retention time = 2.7
i 1) columm: Zorbax, Bonus- 15 RP, 3.5
pmof particle size, 2.1 x 50 mm 2) flow rate: 0.5
m./mn; 3) isocratic condition (10% solvent B/ 90%
solvent A) for 0 to 0.5 nmibreParitn? near gradi ent to
. Ig- -
aggxsﬂioﬁ%ﬁqsalm%ﬁ%l%ﬂi%g A? ééégil'ig%crllt?ﬁg i‘]og@agJ% eV Q%ﬁyv%ﬁshc acid zert
vva ’ 1% TFA) TLC analysis (silica gel plate): Rf =
AYZ bengyle8razh B Zojoetiahys-oimss spectronetry

CN? gh@wd Elwhlong %Cﬁd(369nL)%Mc21 % a%etellggeneous solution of

2 5-dimethoxy tetrahydrofuran (82.2 g, 0.622 mol) in water (170 mL) while stirring. Ina
separate flask cooled to 0 °C (ice bath), concentrated hydrochloric acid (92 mL) was added
slowly to a solution of benzyl amine (100 g, 0.933 mol) in water (350 mL). The 2,5-

dimethoxytetrahydrofuran solution was stirred for approximately 20 min, diluted with
water (250 mL), and then the benzyl amine solution was added, followed by the addition
of a solution of 1,3-acetonedicarboxylic acid (100 g, 0.684 mol) in water (400 mL) and
then the addition of sodium hydrogen phosphate (44 g, 0.31 mol) in water (200 mL). The
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Preparation 2 Preparation of
(1S, 3R, 5R) - 3- am no- 8- azabi cycl o[ 3. 2. 1] oct ane- 8- car boxy

woOi2e07a620d8t ert - butyl ester 25 a. Preparation 8€T/US2006/045099

8- benzyl - 8- azabi cycl o[ 3. 2. 1] oct an- 3- one Concentr at ed
hydrochloric acid (30 nL) was added to a heterogeneous
solution of 2,5-dinmethoxy tetrahydrofuran (82.2 g,
0.622 nmol) in water (170 nL) while stirring. In a
separate flask cooled to O C (ice bath), concentrated

PRV ROEBLAE BB LH, G ¥B5nBABRENOHE e ulfing solution was
S(lﬁ'Ed) ovtnighthEhe saluon wmmqulﬁbd s pHrDfrcumayH 90 wingnH0%
Wy Groghlorisised, pated REBS ¥ G Rinted ot Ryt ohe St g ggoted to

réétdaempéatdreVmsified tb IPEI BXialihg 20% NﬁOH sad aittawtbmuh DCM
1, 3- acetonedlcarbox ic acid (100 g, 684 nol)

(3390 kT hiyolame PFRAIG lﬁzeraa%ﬁr% W@ﬁhe@fw% Brinen dried, filtered and

caﬂgén%%%&bﬂ%g%&ggz r;éAsB%_er } 288%@/3%%1 gg%hge%ie%hté‘%ggla{g'as a viscous

byelvnoildd2 &).om pH 1 to pH - 4.5 using 40% NaOH The

r esul ver t

ot R B R DB 8 A B0 g g v
babfdidaybbmae(7a(d g m34Ximol)as0ed. tnle%ltﬁloandaésilld\ﬁeﬂdofvﬁirrn to room

2 hours. (ge so] uti on cooledto room tenper at ur e,

ARSI PSPV RIERY KR IREIeRD] MARICBIEY SPke Tefiged pressure
aM&re@@ltﬁﬁﬁ %ﬂ@viﬂ-&msoﬁbﬂ 1ﬁ%@i]&%é@ﬁzﬁ@gﬂ 600 AXLSr T h@@ﬁt@rmedlate was

washed with brine, dried, filtered an concéntrat ed

extracied insd d M4 0PRmLy apd ovhshed with dichloromstidng (3 x 250 mL)
(X
HEGE 816,78 B OH P AVt R et i

didhlomasstizahddd xdi00teE ). - Theitgthbishied aermalager@ Werédded, filtered and
cPrcenfeliel ket oS e o Piis 58 itk i oedidle 585 WiskSus, tight
bESWH 300! HURBK eOD sso?ﬁe ) 7154 lzf(ﬁ’d SIH TSI, 8 ’ﬂ(bdZHhé‘HzPh), 3.45

resulting oil was din | or onet hane

(bropd s73, CHENBR @ 'é'tzé MSZHeSZHzﬁZQ)e%LZTZHt G 28, ), 2.1-2.0 (m,
| t
Q%e aque%ugeﬂré%?ﬁ%&?éz &h&? [ ﬁ%c??&%{ ﬁé“%{zﬁB 3s)14; found,

2Ae0H, and extracted with di chI oromet hane (3 x 500

jltere
1 5,."266 ,I_?%dl ester

t he NtTd h 901lutligﬁé bgemeaz)e @&abldyblii[@ QSL]OJ:th@-I?;tonelIVQ\gDO <3l48 mol) in
BAIAROB L) e a5 abfl B afios of Shrertbibjcaronple (38, 6(818.383 mol,

121"13%2125@@@)% (gO@ nﬁ?l ’I(h‘é%sﬁt*ﬂslg Ql@&% andzngxsez(}gc n Cgt(?’k'c) was added

t@g4|—1;_?mh;yg1@g§nat1qmmq§pl coptaging 23 g of pallad1um hydroxide (20 wt.% Pd,

dry basis, on carbon, ~50% wet with water; e.g. Pearlman’s catalyst) under a stream of

nitrogen. The reaction vessel was degassed (alternating vacuum and N, five times) and
pressurized to 60 psi of H; gas. The reaction solution was agitated for two days and
recharged with H; as needed to keep the H, pressure at 60 psi until the reaction was
complete as monitored by silica thin layer chromatography. The black solution was then
filtered through a pad of Celite® and concentrated under reduced pressure to provide the
title intermediate as a viscous, yellow to orange oil. It was used in the next step without

further treatment. "H NMR (CDCl;) 8(ppm) 4.5 (broad, 2H, CH-NBoc), 2.7 (broad, 2H,
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20 b. Preparation of 3-o0xo-8-azabicyclo[3. 2.1

| oct ane-8-carboxylic acid tert-bu , | ester To a
weabartoeznss of 8- benzyl - 8- azabi cycl o[ 3. 2. 1] oct anPBTAISE006/045099

(75 g, 0.348 nol) in EtOAc (300 nL) was added a

solution of di-tert-butyl dicarbonate (83.6 g, 0.383

mol, 1.1 eq) in EtOQAc (300 nL). The resulting solution

and rinse (100 nL EtOAc) was added to a 1 L Parr

hydrogenati on vessel containing 23 g of palladium

ChOR A A2t 2, ol o A bl BE2AF rafdRae g e

CHRLCERNM O (sNOH] @Ue)sCOuONpacti on vessel was degassed
aIternatlno vacuun1and N2 f|ve HL P and ]

oyl estert at ed for tvvo days and recharged vvlth H2 as

needgg ts%hi‘iﬁ)%bt{tﬂ@ F%u@f SSHE b?ev%us@@eWS 4gtd.334 B81) in methanol

reaction was ete as nonitored by silTca thin

(1 Bywes @ddedmmmgnaphtprmme(%Z A&k 650nadi wateRALL St mbh ad65 g of
| & dt o
o 5 R BB bl S0 998 R DR i s oo

El OINEmyiuadee aastream\vof¢owhile yrirringwid meohangaé stiirkr. After 24 and 48
howsygoRit AN ér;‘l%g%' ggt L AT She ( gjgméﬁr 36 S8l cach time.
Oklé %@t1o@bfogré’$§1oﬁ@eg&a7é@ﬁgﬁﬁ&eﬁ’@/ aH@Q @ﬁ@,@w (>500g) was
CcO, 4-2.3 (dd, 2H, broad in 2H,
M@)}i thqreyzu}png tl(uglg suqunsm ere n tly,.polfected solid was

f
- %@n%ag fsc(:) 3(/) c E{J aﬂgé ?F%ct:%awnéeé8 car oxy dl T “%%‘%“3 ted under

redured piessuyé. Ebe msubinEelendyobiphngin sofutiphevagthehudituted with 1M

he. pr.evi /5. 4 3 1
b RABE A0 2RO P T e 1 7 4 2oy 2 g g P win
Mldgémét%l%geo/(ﬂ—i 730 (ihlg)';_) meclfquegigio/lla?&l WS Kuglfwd:tb‘pai Eusing 40% aq.
car bon on dr N W er, . .
Mo 984 CE Fsied IHBLHEN ooTiATiEIe (G 76 {0 o RgOTined organic layers
w%iré dfidd) gilt‘éfe% Q??d:&ﬁ{deﬁﬁ!ateé by rr&t%fy evipbfitioddtiRA%igBvacuum to provide
hours, additional portions of danmoni um for mat e (132

tie tlﬂqmte)‘mﬁélfate @8 dn dearamianlyi M@ocmzddfﬁ:@mmm asaw. ghlte to pale

75918 PR G535 S LG 2o ATRL pro gt baseon
‘Hqsmmamls/@s%% Ipueicyebly amdytidad PG, CH NBR ¢ODEL) Bdppm) 4.2-4.0

(st o) 324 o 08, CEREI 2005 [attib S B2k, 1.4 s, 9m,

(CHSRewEN), Ther ﬁqswaal m?] cdn%rﬂmm]p Qa&u%ﬁe#zmmzvm .18; found,
then dil uted with t|gor|c acid to a
p

2382u rfsnab‘srtwahHBLCd@cmt@ raethpdi 2198 (- Blte R0l A4A-R) pxer 5 min):
el 3 x 700 nL). The aqueous | ayer was

%asﬂ“ﬁg‘g to'pEi i usi ng 40% ag. NaOH, and extracted

wi t h di chl oronet hane (3 x 700 nL). The conbi ned

organic layers were dried, filtered, and concentrated

by rotary evaporation, then high-vacuumto provide

the title internediate (52 g), comonly
N- Boc- endo- 3- ami notropane, as a white to pale
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yell ow solid. The isomer ratio of endo to exo am ne of
the product was >99:1 based on 20 'H NMR anal ysi s
wO0200%6cp3si ty by anal ytical HPLC). 'H NVR ( CDCRBY/US2006/045099
(ppm 4.2-4.0 (broad d, 2H, CHNBoc), 3.25 (t, 1H,
CHNH2), 2.1-2.05 (m 4H), 1.9 (m 2H), 1.4 (s, 9H,
(CH3)30CON), 1.2-1.1 (broad, 2H). (mz): [MH + cal cd
for Cl2H22N202 227.18; found, 227.2. Analytical HPLC
(isocratic nethod; 2:98 (A:B) to 90:10 (A:B) over 5
mn): retention tine = 3. 68 HAnle £° 38 WO 2007/ 062058
PCT/ US2006/ 045099 Exanple 1 Syﬁt hesi s of
Santhesis eftd Geabydrofaram2banh by pipevziine-1+carhoxdicyd did 3-
{6,3R SR) {3 [(TigPropyl-3-0x0-2,3-dihydrobenzoimidazole-1-carbonyl)amino]-8-
agz4-dDicyobg[B2dbe28-yBprap @l éitdry dr obenzoi m dazol e- |
5 -carbonyl)am no] -8- aza-bicyclo[3.2.1]oct-8-yl}propyl
ester 50 ON--"~OA N~ ~--NHN /| CN O a.

Preparation of (1S, 3R 5R)-3-[(3-i.s0pno - 2- 0X0- 2

3- di hydr obenzoi m gdazo = Ng(jkca/r%&w)ylkﬁa”m\hol - azabi ¢
clo[3.2.11oct ane-ggg%ﬁ_po lic acid ter I er To
a col d suspensj onyof sodi um hydride (9.25 g;ll231.4
nmol ; 60 %s')gbin mineral oil) in drY THE
(1000 L) in "ag R bath was added the product of
Preparation 1,

1-isopropyl -1, 3- i hydr o- 2H benzi m dazol - 2- one (27.2 g,
154.2 mol ), in THE (50 nL) under nitrogen

at nosphere. The mi xture was stirred at -0-5 C for 30
mn, then 15 4-nitrophenyl chloroformate (34.2 g, 170

4 ! - -
A é 148 To - ’ ) '_;. -cl;he M S hydse c?cimidazole-l-
10 g r-isl‘l- t O atriot K t ;- E-tH O 3
act i Viat ®£cblé stgpension Edodiam h eqd28¢; 231.4 mmol; 60 % dispersion in

.1S, 3R, 5R) - 3- ani no-8- . X i
9%?@}%@39[‘% T%.[%@QS &Adn an icerhsghas added the perduchf Breparation 1,
362 A - L) s T4 14 Xt aLr
RO 3 i L S BT Enb B9 2 o A o)
updergiigpgenzamogphers.f The alivure Wahstiraed athieh °Cifor3 Gumin, Chi

15 bRt PRI AT L EBLA SPURSHA R e e he v
waastioed dvasighy ediile allodirdthe meikeird 8¢ gradhally wasn to uabRae
tevr\r/in;erllatuer. S’f‘o fygl alc_:lt?i\l?gt)gd egcgld fotrrrrllg wsa%tttlljernaztw.ded%d IEI?SE%R)G-amino-S-
azabicyclo[3.2.1]octane-8-carboxylic acid fer¢-butyl ester (36.7 g, 162 mmol) in THF
(50 mL). The mixture was stirred at ambient temperature for about 12 h, and at about 75

20  °C for about 3 h, at which time an LCMS of the reaction sample indicated completion of
the coupling reaction. The mixture was concentrated in vacuo, dissolved in
dichloromethane (1 L), and washed with first 1M H3POy, and then saturated NaHCO;
solution. After drying, the organic solution was evaporated to provide the title

intermediate as a pale yellow residue that was used in the next step without further
25 treatment.

b. Preparation of N-[(15,3R,5R)-3-isopropyl-2-0x0-2.3-dihydrobenzoimidazole-1-
carboxylic acid (8-azabicyclo[3.2.1 Joct-3-yl)amide as a trifluoroacetate salt

To a cold solution of (1S,3R,5R)-3-[(3-isopropyl-2-0x0-2,3-dihydrobenzo-

imidazole-1-carbonyl)amino}-8-azabicyclo[3.2.1]octane-8-carboxylic acid erz-butyl ester

30  (the product of the previous step) in dichloromethane (200 mL) in an ice bath was added
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solution. After drying, the organic solution was
evaporated to provide the title internediate as a
woabw/ogmis ow resi due that was used in the next PETA]S2006/045099
wi t hout further 25 treatnent. b. Preparation
of N-[ (1S, 3R 5R) - 3-i sopropyl - 2- oxo- 2
3-di hydr obenzoi m dazol e-1 - carboxylic acid (8-azabic
clo[3 2 1 loct-3-yl)amde as a trifluoroacetate salt
To a cold solution of
uﬁﬂ@o §§$e§c ac%f %.()6'11]& Qpl;Mixtfre%% &éd%?ﬁlfgﬁgﬁ Bat ~5 °C and at
i fnidazo arbonyl’)am no I cycC oct an
redin ¢embemyﬂre forabouk 1 br Afteneydporsticar of tRE n(lktme Etiod etiter (~5 00 mL)

Of %%ggd E’; uie%‘%}ﬁp gad%ﬁﬁ%%@?%égﬁwg ‘Ha?: pil'e%ipitate was
cblddtdE5#036d AAAQBBiouk %iﬂduﬁ%r&%ﬂgflleﬁle@%ﬂ dr2dQn %&uo, T@ Brovide the

m xture was stirred for about 30 min at -5 C, and
titlgdnierrapgiated# 7 g as dIFALlk: Thefitlnntesmediatgis alioi C@nnmnly referred to

PN S 108 500 155 2 i .

cifbexpmeds. pi t ate was col |l ected, ri nsed wi t h copi ous

T ATIE L eR s R C MRS TR B
b x N 1 I LILCTI IC o 9 _ ’ 0 e .
t iCATRexy e agid

endo- ai Suspendion yEiheploduct bo ﬁte-p'i‘e\)ﬁb)ls gep s(cnp g0 BY 9-dmoeXdn

3 d| droben2| m dazaql e-1 - carboxam de
agﬁ (500 mL) was added water (500 mL). N, N—dusopropylethylamme

(oid\hiﬂ) |v§ts%'3d§ﬂo ée 'réa&‘cBEnQ RYikads BXBrife Aredigh¥si:aRaR20 L Pflof 8-9.

azol e-| - car oxy ic acid
The layespWetroieppated, wetajping3hy oysaniclever rdwmayequsilayerovas extracted a

S RG R R 0 i BB R Ry Brbined, and

theat washel @dtntbrine. NAR ek d@m@r ®pRy Na&WJ; amd fiBratl(m 2thovh) of the solvent

e O 5 Gpregfing 087 ) $a Heshtie s drelon a1 NATHS
O/SONMNA 4@, GHYANHE-2! my@ﬁ sﬁ)hg ﬁqmeqm bayem mﬁz 4.69 (septet,
extracted a second time | or onet hane

1§y 7. 211h@1,r7é%)ui71415r{6 3533 rsdl&@ \l&)e9 ébﬁﬂbul@d (ménid ﬁHﬂ%@Hcd for
CHBFLSGoH. 0 i £t S0 BYPE PSRRI 0 yor o i

reiemmmnnhe(=93 67g)1nas a freebase as a yell ow powder. 'H
NVR (DVsO-d6): 1.48 (d, 6H), 1.40-2.00 (m 8H), 3.53

d( Aregirhtiomo D chlwroptofyl-4(t6Qal{Riepfuein-2-yiddihong)Bibefdine-1-
It_ih;boiylﬁhﬁe(d 1H), 8.08 (d, 1H), 9.31 (d, 1H. (mz):

el i £81€ e[%on@ﬁa%%@tﬁm%m%%%” Ripesic (202 ms

1! efa@iBl) BNdithlBRormetBar®/(5h) wils afdRIPRERIESHRoP chloroformate (133 pL,
3-chl or opr opyl - 4- (tetrahydrofuran 2_yl car bon) pi perazin

1a- mnqihquWdabde%dmopr@)&@hm dmo2 pL, 1.1 mmol). The reaction was
aﬁo&%g tt Xlg roJrHE pera l'ecg\;e?%r}}f la)t Qv'h?c%r t?r%lle |&1e r(e Otlonrr\gas evaporated to

yield the title compound as a wheat colored oil that was used without further purification.

e. Synthesis of 4-(tetrahydrofuran-2-carbonyl)piperazine-1-carboxvlic acid 3-
-3-[(3-isopropyl-2-ox0-2.3-dihydrobenzoimidazole-1-carbonyl)amino

aza-bicyclo[3.2.1]oct-8-y1} propyl ester
3-Chloropropyl-4-(tetrahydrofuran-2-ylcarbonyl)piperazine-1-carboxylate

(335 mg, 1.1 mmol) was dissolved in dimethylformamide (5.0 mL) and added to the solid
freebase product of step (c) (118 mg, 0.36 mmol) and Nal (164 mg, 0.72 mmol).
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1.1 mmol ) in dichloronmethane (5 nL) was added
3-chl oropropyl chloroformate (133 L, 25 1.1 mol)

woabdmemds by N, N-di i sopropyl et hyl ami ne (192 L, PAT/AIS2006/045099

mmol ). The reaction was allowed to reach room
tenperature over 2 h, at which tine the reaction was
evaporated to yield the title conpound as a wheat
colored oil that was used w thout further
purification. e. Synthesis of

= (I h -
P YR HE AR G 68 OB EIRPIARE o 6 ARG e o
98-°Qi dg)édﬁgllhle ﬂgﬂgmled azpd entovedahd Ipylhﬁammo‘}'la Prep3HPLC (reverse phase)
aza- bi cycl.o

t A\ st 3 . ]
ARGy R etk i S TRY 30 FRe e gt 29 pkaisito provide
tHL-etltlé cdrﬁ?é@@%' AWBité 3&&1 45h TﬁAjsaIt‘g% ng)asme) S{MJJrH]?CEaIlda for

di meth or mani de d to the sol

r3abide ST a1 foting 552 o paady il BPL G5 (5 G5HEMEAGHaGryer 4 min)

. .72 mol ). 40 WD 2007/ 062058
rg%!l‘}‘{ﬁé%ﬁ%igogg N, N-di i sopr opyl et hyl am ne (64 L,

0.36 nmol) was added and the bp‘; stirred at 90 C

overni ght. Vol atiles were renpve ané purification via

pr ep Symithesis ef4(Z-bydhagethypipezimbicashed licracid 3-{(15,3R,5R)-3-
[G-Bdp eoliyl<2F0Xde2 A5dihgd eobénZoimitdazblealrcaxttonyPamih 6 ja84azaicyclo-
[B2ajoetes-yl}peopylidseerconpound as a white solid as a TFA

salt (45 mg). (mMz): [MtH + cal cd fob 5 C31H44N606

597.33; found 597.1. Anal yti bC‘k 65% MeCN H20
over 4 mn) retenpio i = 2.58. mplle 2

Synt hesi s of 4-(2- h}LelnaxyEt hyl ) pi per azPre-Ncardoxyl i ¢
acid 3-{(1S, 3RSRIN3- [(3-isop

ropyl - 2- oxo- ‘@. Pobenzoi m dazol e-1 - car bonyl ) am no
] - 8-azabi cycl o N3.2.11oct-8-yl}propyl ester 0 O
t~~V ~-NH N~~CH N> N Usi ng the processes descri bed
in Exanple 1, except in step (d) replacing

1 (t aidind nwl.%wsg& &wﬁmaﬁm&ﬁme REEREPNIR P da% reéﬂacmg

- pi per azin-1l-ylethanol, the title conpound

v@@rq@w presgl-2rylcarbpp RiRFrazinge iy sl 2-Hipgrpgin- lcﬁlleé@nﬁbﬁhe title

<PRRANEEDS I 8 PR WA, (PARER el FE IO,

544 )32; oldas4dg.
Examples 3-12

Using the processes described in Example 1, except in step (d) replacing
1-(tetrahydrofuran-2-ylcarbonyl)piperazine with the appropriate reagents, the following

compounds of Examples 3 - 12 were prepared.

Q 4

o ﬁ”m"*w“
R3
N&—NH
ot
o~
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1- (tetrahydrof uran-2-yl carbonyl ) pi perazine wth the

appropriate reagents, the follow ng conpounds of
wazenTpesss 3 - 12 were prepared. 0 0 N'~O N3 RPCRUS20E/4045099

C N NH N>=0O 20 41 WO 2007/062058 PCT/ US2006/ 045099

Exanpl e -NR3R4 Formula [MrH + EMoH + |~ 3 -1-N \--/

N-$ C28HA0ON60O5 541.31 541.2 O/'NO4 O, 1N

C30H44N6O6 585.33 585.2 0 5N NH2 C28H40N605 541. 31

541.2 6NS- O C26H37N506S 548.25 548.2 O 7

CZMASYNoULS bbé.fb 562 27T 0 8 —Pr NH
Example [527. 2 -NR'RN N4 CRoHFaNGO¥ 555.
10N~-r N~ C27HAONGO5 529(31 529.2 0
029H43N705§§7m 570.4 [0 ~~ N 12 |1-
C28H43N706% 806 06. 2 F2sHwoNeOs | 54131 | 5412
FN o
4 o )J\N, C30HuNeOs | 58533 | 585.2
I
o)
5 ﬁ@m—& CogHaoNgOs | 54131 | 5412
.g_ { =0
6 N ,S\\O C26H37N506S 548.25 548.2
] //O
7 4-N o CyHyoNsO6S | 56226 | 562.2
o)
8 N CoHNeOs | 52
NH, 27H38N6Os 7.29 527.2
SRR
0 '§’N\\)N 5 C2oHiNsOs | 55532 | 5552
£ N
10 N ~ C27H4oNgOs5 529.31 529.2
o
— X
11 AN N C2oHisN7Os | 57030 | 570.4
— %
— XN
12 4N N—g C2sHisN706S | 60630 | 606.2
NI .
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WD 2007/ 062058 PCT/ US2006/ 045099 Exanple 13
Al ternative synthesis of

wa 2007¢h6 2088 - 1X6- t hi onor phol i ne- 4- car boxyl i ¢ aci #CBAIS2006/045099

{(1S, 3R 5R) - 3-[ (3-i sopropyl - 2- oxo- 2, 3-di hydr obenzoi m d
azol e-1-carbonyl )am no] - 8-

azabi cycl o[ 3. 2. 1]oct-8-yl }propyl ester O N/~ /\O- N

O---NH/~~V S >=0 N 5 a. Preparation of

(1S, 3R 5R) - 3-1( 3-i sopropyl - 2- oxo-2, 3-di hydr obenzoi m da
zol e-1- carbonyl)am no] - 8- azab ‘i%/ijr’]o

f3. 2. 1l oct ane- 8- car boxyl i c ARy t-butyl ester To a

{ rea%l on 4. 3
L
a.’tﬂﬂcl‘ﬁ’rﬂr’)zb GB‘P‘YHP nopyl etfeh at rmsphere was added

di chl or onet hane (350 rrL) and then triephylanm ne (30.5

nL, 220 mol) was added N/\Ihé\gd\ﬂm was
stirred for 15 mn%he S/S;O
(1S, 3R, 5R) - 3- ani no- 8-azMdi cycl o[ 3. 2. 1] oct anep8- car boxy

lic acid tert- ster (22.6 g, 100 nmol) was
added. The rea s-allowed to stir overnight at
roomtenperature. e reaction m xture was washed

W t h aqueous sat uratved sodi um bi carbonate 15 (2 x 200

anlE aDaPAI |é}}‘_’(?§§k%‘% 13556 W%QX 2d3 ﬁ H\)d é%tc 5} ﬂﬁ‘iole-l—
'V" T ohynIHo)-8 B abicHR S 2. 1 1o el S cabok Uh Diid Wb bl D&i5r

MM TN PImospnmortTrc acitu (£ X AU ML), Sdturdated

s od| Ui i)ﬁQ(amMepacttmr( ok qﬂn}qlnlagd waplepyle P.oalilmydro-2Fhbenzimidazol-

2307R0 @ 5 B0 B aShir PR RRTHERRHR LB b ) wnder

rﬁtﬁfgéﬁ%ﬁnbéphefﬂ whd AddRti dichlb@nyetednd (Bhe ntL)talna then triethylamine
i ntermedi ate as a tan SO|Id&357 , 83 %yield).

3p.5 P?Ier?&péf“inﬁp W ég oxpdy 5 }’16 solufion was stitred for 15 rn?n and then

(Bs,BR @FR‘)—@péﬁJnm% 34 DbieyR14]B DY oo R A b A3 fielasid t'ert-butyl ester (22.6 g,
carboxyli ¢ acid (8-azabicycl o] 3. 2. 1] oct- 3-yl )am de

109 infrhol s edded. dheakaction wass0pwed tp|stisRyernight at room temperature.
ﬁé ?’ea%ﬁbé Rl (s WHRRLPRYh 3008 Andadh WALAGDZ8LM L2
(21 xQ@D hohy | ]))ahidm]neﬂmﬁz alas a:mb&{d%bﬁdﬁﬂﬂaﬁmd&\dd‘ﬁﬂa@sp ImL) was

apife TG TPl sBlitibror Syl B RRRSRHOTE i B 200y, saturated

s8diufh KidfrbBhate %@(51@@,) nawel \Qlat‘é@@oﬁdﬁ'ﬁﬂ BlorgBfic 1876 Wa ralrled over

m xture was allo to stir at roomtenperature for

thﬂﬁ@ISrSQém é‘ﬁlf%ﬁ’ %QJ grandeltead mad then thevalvent yas ;@rqco@d by
1anﬁfﬂ Qidvtﬁggltl'erintteﬁﬁed QedRn Q.n E&Y@g 5‘“73% gsed}%sﬂz o

I sti on and t he cruepro UCt tritura

p)[

1-2-0x0-2.3-dihydrobenzoimidazole-1-
carboxvlic acid (8-azabicvclo[3.2.1]oct-3-yDamide trifluoroacetate salt

In a 500 mL flask, (15,3R,5R)-3-[(3-isopropyl-2-0x0-2,3-dihydrobenzoimidazole-

1-carbonyl)amino]-8-azabicyclo[3.2.1]octane-8-carboxylic acid terz-butyl ester (21.4 g,
50 mmol) was dissolved in dichloromethane (200 mL). Trifluoroacetic acid (37 mL,
500 mmol) was added and the reaction mixture was allowed to stir at room temperature
for 3 h. The reaction mixture was washed with water (2 x 100 mL). The solvent in the
organic layer was removed by distillation and the crude product residue triturated by

additon of MTBE (200 mL). Afier stirring for 1 h at room temperature, the solids were
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addi ton of MIBE (200 mL). After stirring for | h at
roomtenperature, the solids were 43 WD 2007/ 062058

WOCTI7WeAGO6/ 045099 isolated by filtration, wasbeasSosh45099

MIBE (2 x 25 nL) and dried under vacuumto provide

the title internediate (21.0 g, 97 %yield). c.
Preparation of 1, 1-dioxo-1?

6-t hi onor phol i ne-4-carboxylic acid 3-chl oroprojyl

ester In a 500 nL flask, thionorpholine dioxide (13.5

1s?r>113tec9 gy g‘i‘% W?Tv_zaglge'a vl e@ﬁ}gt&z %% 1%512 %?cg gﬁ% yelr (v%g’uum to provide

tHeltAlLintdrmedibi®O(QMmB L) 9Wsyialdiled. After stirring at room
tenperature for 10 mn, the reaction mxture was

cC PodReatich ¢, 1 Geoxeai XP- mrm@hemnmtcﬂ@x@l@amm &i8ropropyl ester

reaction m xt

1- chifBRe%8: %%ﬁ%ﬁ&%ﬂw@bﬁ&]&aﬁﬁxﬁ {135 @ 100 pencohypies dissolved in
d¥hforBfttane 01 S04 8 lat ﬁion@terﬁ;?&&ui@mw MREMRLSRAthNEmine (19.2 mL,

reaction tenperatdre bel ow 10C. Wen the addltlon was
110 nyoed) veseddedeAflenstitrion aproomy feanpgaatued fop e aninothgaeaation

ROV LSS LG a6 £RASRONLr Tt U RS BA Wure, was

ad&cfd 1-ahloyc3atidorosthaxypsipaha{El .§ 2d., g)oo mixhibBIvia addition funnel at a

on, sol vent was renoye Lo
rifp o/ AmEPipPL e R aReg PE v L T Wiigp The SdlifiSh was
c6®piclé, fth@féablﬁ’&ﬂnﬁit@fkdﬁvﬁﬂalﬂ(ﬁﬂecﬂtogwal%too/ﬁo)bhﬁﬂeﬁv)perat&e The reaction
Synthesis of 1,1-dioxo-1

g xuse mmﬁm Wéthzw%%r(gdfqu wLa.and the organic phase dried over anhydrous
sg’dl{lﬁlls%lé% O 3 A[f(e’% fi étﬂ'%tlcgir é%e solvent w(ﬁ?sl nglinoved[ by distillation to yield

I sopropyl - 2- enzoi m
thectiflberppound asca]malyasmul thateobilFied. uppo stangding (RA:0agp 94 % yield).
est en. . J9 ol.uti anse

e.o (o) =dioxga- LA -thiomorphaline-4-carboxylic aci -3-[(3-
opyl- —,ok -2, 3~dihydr o imidazole-1-carbonyl}amino|-§-
az - RY T act
a i i e3te8 ami de trifl uoroacet ate

sal tT68. sswpnm;\rr[(ms)sk 5R)- mwpkwmmm,e dlﬁﬁﬁomn)zommazole-L

ded t 100Q |
CoBEn SN R FAYPRIB DSk b s K SEsAestais SA(8 5 £ 20 mmol)
i 8lchlordgtahg Pﬂ}(ﬁmt?yv%ﬁ W81 WRIRA[BI0GHL). Thd Eﬁ dPYhd aqueous layer

sodi um sul fate and the sol vent was renbved
wiis adjustegitp orl 2 tyiprovidethisdeebagesof the salb| T'}eqjoligﬁmc layer was separated,

d eH%LF% O é.HR %ﬁff&le f'gg %?ﬁ_éo}?%é g};a)s &} védjﬁy 3 1H5ﬁo%n The freebase was

rans {o a contal ni'ng
dissdlveld dex O-rhxhyl-Bipymolidhnd (108-MLE anthh)e)sbILmoﬁatadsferred to a 250 mL

3 Chl 0,51)%%{5\{’ ?(Fddgfé E{, waerﬂ%ﬁlzs m%ro‘le%yglggeﬁagzshlgmmpyl ester
(mztg 28 mogqas a2l Otglh 80 mea6t) V- Gh&‘&ﬁigﬁyl%ﬂaﬁﬁﬁé 2 b,

50 C for 1 The sol vent was renpve
24irampl)| véasi Qsided T therrgatioprotkiene Wa:ssheawé twé@ °6ﬁ for &8 e @he solvent

| n E h
dri'e ovdeéy §5d %t}rr? ns\gl% ?‘9 devﬁfégu%%ﬂésf‘tiu Wgsoﬁh\slseorll &m Fitthc
(me,dwiaghed iveith Whiat (m 50ankY, nd dried ode qaﬂﬁdm Sﬂilfate (10 g). The
resi due

resi due od uc
SO BRTYSt oaip Vet b0t RO FTatobrogIRCe 632 &)
packim@ cridsgrodeackiived #ds ghhﬁ&ﬂb{( Brphrativk PIPIIE6L 2 22@Blumn;
nm./mn; eluent A 0.1 % TF
packing: base-deactivated silica (BDS), flow rate: 200 mL/min; eluent A: 0.1 % TFA in
water; eluent B: 90 % acetonitrile / 10 % 0.1 % TFA in water; gradient (time, % B):
(0, 5); (25, 30); (35, 80); (45, 80); (50,5); (60, 5). The product was isolated by

lyophilization of the pure fractions to provide the title compound (3.4 g, 26 % yield).
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water; eluent B: 90 % acetonitrile / 10 % 0.1 % TFA in
water; gradient (time, %B): (0, 5; (25, 30); (35,
woeQdq7/06468 80); (50,5); (60, 5). The product WRET/US2006/045099
isolated by |yophilization of the pure fractions to
provide the title conpound (3.4 g, 26 %yield). 44 WO
2007/ 062058 PCT/ US2006/ 045099 1H NWVR ( DMSO- d6)
6(ppm: 935(d 1H) 807(d 1H), 746(d IH), 7.22
(t, 1H, 7.16 (t, , 4.69 (septet, 4.20-4.00

W%Mg%‘g@%(l(ﬂﬂ% 9r1)°’§ («i%ﬂzg%mﬂ] Hégmé(dlg}é,d} 22 (t, 1H), 7.16

t2t1)11|343694§ ést@t 1@1)')4 2014.60 (mlé\ﬁm}lzc@um) B®Oo-3. 70 (m 4H), 3 70 (t, 2H),

2; found

3B A O OATHRH b LA SERebAB (). GreNMEF AR caled for
&%F%g@tg %féé ttﬁﬁ& 548 41EK- 293 (human _enbryoni c ki dney)
y

transfected with human 5-HT4( ) receptor

ﬁg'l\lﬁg(‘%ggfl fgtgl%é'%%{r%%ﬁlﬁga?dl S gadet% é& Receptors

T 225 flasks i n Dul becco's

vjoimmm-iv 5 ved? um (DMEM) cont ai ni ng 4,500 ng/L
D— gI mmiéa% r@tiurp;nn Bnhbxyomc lmyldey)cdwlls BiaUly—transfected with human 5-HT s,

CA.. Ca
<GPS SRV CORR - SO AR Prolgh pediev il Bbiag D) GR113308
niesAtBAe abiblighRd aﬁ;dﬁig ﬁsay)%rew@ﬁi T-25MMsks i Dubetdees Modified

Ests R DN Conepting AR00Hg AR e S iredanine bydrochloride
(G OLHL R bR SRR ehr1dad3TA CeatGel 1108 5YRIpPIGHQUEN WRHADY fetal

conti nuous sel ection 15 pressure by the addition of

bgoide g¢min FHH(AIBLQ-TIvBOmRanVomp:: Eeps i1 043D, 2 H@dtbgh@!@ne and

Bl R TEEL SPGB a0 B 95385 15140

aPrh @0.f nurhﬂﬁﬁ@csidcﬁgatoﬁ@d 3B°CVSEI<£IS\WB gebvimninader abatimeals selection
wth serumfree steps of the nenbrane

pﬁﬁsw& baithepddiden 05%?9 5@@% g@ﬁticgb(GHﬂ@é%YlﬁogﬁhGPay fpat #10131)

iinf t €ed by gentle mechani cal agitation and
trlturatlon with a 25 nL pipette. Cells were
col | dllsovepy groevn ta dfoughlyi OR8QH coBfGenoyrt<( 55 sibepltufegrassages). At

Zb Q?Jéor%%r aly eﬁoﬁlapp %%,: c% Bv%ﬁf}v{vaﬁqedl tgvtiéc’e M 18d with serum-free DMEM.
Mt tpdihe )ﬁéfﬁiﬂﬁ(ﬂlé prpiafieh b pafdrandson mélO]‘ﬁdbeﬂtholayer was
‘%EEPES pH 7.4 (menprane reparatiQn buffer)

Aoy Eshts meph%nl@'a}l detpiénh Al whurpon “Mha?s%%yﬂamaeﬁe Cells were

cbﬁéee&ﬁwééﬁnﬁéaﬁéﬁagl@mhy§srﬁm ydi srupter (setting 19,

s) on ice. The resultant honpgenates were
cent ot thremembranequeppration, selipallets wees resuwepded inticgrgeld 50 mM

t
COISERSRBIE P SRR bhofE AL Gt Ber P i ran
pmﬁafatlonmtﬂﬁfeal(GOmE@mhtelbylel_dLﬁérﬁr30a¢ﬂ:lT22351ﬂaska)Jgtat hamogenized
ugitng a 150? ongdlg pter (Qgtﬁng TS, J)Ic %'s) QS li(':e?tl“he 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 concentration of the membrane suspension was determined by
the method of Bradford (Bradford, 1976). Membranes were stored frozen in aliquots at
-80 °C.
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was resuspended in 50 mM HEPES, pH 7.4 (assay buffer)
(equivalent 1 30 T225 flask/1 nL). Protein

woamu@arosat i on of the menbrane suspensi on was PCT/US2006/045099
determ ned by the nmethod of Bradford (Bradford,
1976). Menbranes were stored frozen in aliquots at
-80 C. 45 WD 2007/ 062058 PCT/ US2006/ 045099 b
Radi ol i gand Bi ndi ng Assays Radi ol i gand bi ndi ng assays
were perfornmed in 1.1 nL 96- deep well pol ypropyl ene
) . (A ;gg) in a total assay volume of 400

’ HAeziia 2= nmenbrane protein in 50 mM HEPES pH
7 4, Kaann@aﬂd Bihdh P2BAedosieperoanadint blle965dé@S;0éll
Sat uration binding studies for det erm nat i

PORPIRRYISHP 2610 RIEF GAFYEEHY MR foda! a5t ¥lvag °33P§ YL Containing 2 pg

meriiraddPrbg30 & SARRVISNErES ?H 7.4 BysSinind6.0353% b6¥mRE4dim albumin
specific activity -82 at 8-I2 different

(BSA&,Murahorohmdrrmmudlgs fqrdﬂ@nmmmonmﬂ%vahmmf the radlohgand were

N I i

aﬂﬂﬂrlwmﬂmmaﬁ §-e2 differentna@néntedtions sanging fromoi6@l nM — 5.0 nM.

a |n 10 fro 100 1 Test o pounds wer e

iR et B0 PRt OB I NEISE ORBR IS A perdormed with
[:tH)] Gﬁq P380d 4. 05 R0 4 SlERESIiPEkeht fortfenBRMionsEItbAipduAd ranging

1% BSA, and serial dilutions (1:5) then made in the

f@awéOﬁMfé@O Nbn- speci fic binding was determned in
the pfe@tsﬁﬂxgﬁoung% v&erQMchUeagg h 8RR uti RS ﬁ‘!ﬁw?@fﬁd diluted to

i ncubat mn at roomtenperature, 15 and
400 @Mbiirrtd |SﬁgnMaHEPESn£H Ve a 268C ndoméetividg @yl%eﬂﬁftl, and serial dilutions

| ratlo .0 / I i ber Lter
ChiobieR R R s e, e i ind SRl o g prosence
off 0 M Iiabeled €Y1 38081 M s38ys Weretifcubateal for 60vatia avahe tbmperature,
threetlrres wth filtration buff cold 50

apBieg, the biading Kegetasovere (FBYRHEC gaa@mégﬁr#iﬂpvepgg{%@ GE/B glass
4R B bieds (AR 13k BIYSEIAEE LB, MBiddrtl pgboakdd daat | on

fluid ("Packard BioScience Y CT) was added ]
0AYs polystviengininea Aidltes) ni@feswm ‘é'afii?@érﬁh@d timesavitn 8 legtign buffer (ice-

PP S, B B A GcyRRCRAG wee a5
Micadsgine@0liquitbsdintildstionr fhgd €Baikard Bivslcyesice Col. tMetidhn, CT) was added
R B8 575 K305 SRR SRR i counter
(Pidkatd BRSeBE Ool,iMBrde) €TBOTTOM (curve mi ni rrun) was

fixed to the value 25 for nonspeC|f|c blndlng
dete rprﬁ@g dafp Ve q@@bygéﬁ% by ngplineag Kprespioneaglysic wila fhigeGraphPad

d -
ﬂrﬁfn est ere :i)? Q%g va es S%g%rﬁ% ﬁé@ Kgalil/gllﬁ go. @}%) Js{r%%e 3-parameter
merl Biricgarsite camipatjtione TR BT POV Ghvesyinimiuon Wa@rﬁmg to the value

fglnxgorgf)gcﬁﬁé {)ind%g? %L:] ﬁgiieﬁglned in the presence of 1 uM GR113808. K, values for

test compounds were calculated, in Prism, from the best-fit ICsp values, and the K4 value

of the radioligand, using the Cheng-Prusoff equation (Cheng and Prusoff, Biochemical
Pharmacology, 1973, 22, 3099-108): K;=1ICs¢/ (1 + [L}/Ka ) where [L] = concentration
[*H]-GR113808. Results are expressed as the negative decadic logarithm of the
K; values, pKi;.

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 had a pK; value ranging from about 7.0 to about 9.0, typically ranging from about
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Phar macol ogy, 1973, 22, 3099-108): Ki = 1C50 / (1 +

[L]/Kd ) where [L] = concentration [3H]-GR113808.
weesurlobzsar e expressed as the negative decadi cPCT/US2006/045099

| ogarithm of the 30 K; val ues, pK;. Test conpounds

havi ng a hi gher pK; value in this assay have a higher

binding affinity for the 5-HT4 receptor. The

compounds of the invention which were tested in this

assay had a pK; val ue rangi ng from about 7 0 to about

73903087 Gal oSy e eomBing SbEsempls SR PRplue of 7.9

ircoiaend of Exanple 1 exhibited a pK; vaI ue of 7.9 in
this assay. Assay 2: Radioligand Bi nding Assay on

5- HT3A H t De R
Subt gas%éra@emiag?x 8 Piingoh o g B Erar i Theqapents:
HEK- afepfoz Suhdris Seleetiyity

it h human 5-HT3A receptor cDNA
a%mjo%q 1% g &?g M chael Bruess (University of
Bonn HEIORP3 (h@max embryoigkidney) asls siabbetrmstested with human 5-HTsa

rSEREF AR ot} e PR R PRRSE b 9Pl 83, aomy

ﬁahk =f~a910q1mel$mg lprc&@ﬂf; a9dSinhieed asiag MIj-GRe6 6 Eaglefsbrane

A BN B s e s

Iﬁmsec#é %Méalfi%amgw&ﬁdm % MEMYQG IB@@-M UTéénV@ér%d Carlsbad, CA:

fetal bovine serum (FBS) cl one,

CaSHBUA0 208 H0%ridarnls 1Gn((1?r @ém/l@iOlng &0(150099#11765) supplemented
[ . |

o S B R X A i S L

#sﬂeeom O8)artdo(50 amitk) penicﬂllﬁﬂeﬁﬂqlg)fshﬁpm»/c(rdnﬁ §GIBCO-Invitrogen

Chigptett] SABTET EGC Porimialie iReberty Ralvbet 1 ne

cel | Gelfshrer8Beliveh 108 RSP0 S4B EoRNE l<535\@ﬂﬁ:ulﬂlfb9;€b@sa es). All
Wi th C?a2+ " 2+-free ﬁbecco so ho%p a(te buf f er ed 8es)

stsap Pthie(ramBlane PrRPatasion WeR @p%fyenedm iqe; T'o bgrvsst the fells the media
a8 n%][;ﬁpa#tg@!mcf‘gélfs%érg 8161 gﬂ)vllt‘ﬁ §Bﬂl§éfﬁhﬁ>gc&¥s ghoslghate buffered

ugat1 on at rpm ( sequent
salinet (d@BS.Trcaced] rﬁGncpiawavathﬂ:ﬁd lf}ogdmlmnledhheicplr agitatioh. Cells were

P 87 SRR b1 {00 TER A SRRy e et a grbrane
phbépaghition foHSWYS thagiretoeel decitbel aubv%ommlelmaﬁbmﬁémgﬂrmmg 5-HT ()

assay plates in a total assay volunme of 200 L
TSRS ni ng 1.5-2 g nenbrane protein in 25 50 mM HEPES

b-&?&éj&i@rx@w' 025% BSA assay buffer. Saturation
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 values of the radioligand were performed using [*H]}-GR65630
(PerkinElmer Life Sciences Inc., Boston, MA: Cat #NET1011, specific activity ~85
Ci/mmot) at twelve different concentrations ranging from 0.005 nM to 20 nM.
Displacement assays for determination of pK; values of compounds were performed with
[*H]-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 SO mM HEPES pH 7.4 at 25°C, containing
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for determ nation of Kd values of the radioligand were
perfornmed using [3H - GR65630 (PerkinElner Life

waehEmezss | nc., Boston, MA: Cat #NET1011l, specPETaIS2006/045099

activity -85 Ci/mmol) at twelve different
concentrations ranging fromO0.005 nMto 20 nM

Di spl acenent assays for determ nation of pK; val ues of
conmpounds were performed with 30 [ 3H] - GR65630 at 0.50
nM and el even different concentrations of conpound
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Topcount_ liquid scintillation counter (Packard

nppepseificriadiog, as datermiser ingtiy prepen; ofdiongMIMI. 73822 The quantity
(BRI 48 gug otff*@qodagen l\h‘a@%@ﬁn%}gg @%%bﬂ&%gsgggfﬁsmo.

escri be above t eterm ne val ues
( cur \Belevtivitynior thedsHT xeeptoo subitgperaitheedpact to the 5-HT; receptor

SRR o B RRAER O PR ERERGT P BroF e

nﬁfelnﬁbh Qﬂu&bﬁﬁzeﬂﬁ%kt@@% fiSs 4938y BADE SIHT ASEDIY, receptor subtype selectivity
CGR65630. Selectivity for the 5-HT4 receptor

[ 3H] -
r%ﬂ%@%emwt 1@ épakqut 9§04 %lcsﬂmgm&;%@mcﬁbouq@ 0 ahoppa00. For
aj
e TRt S rramp L Beishon Pl sy
this assay had a 5-HT4/5-HT3 receptor subtype
sel ecAssay 8y WhelgeHs AV B ecumnlation fidashplage Away with HEK-293
t ypi ¢&lls gxpreaging humam$-dEbyy Redeptorsibout 500. For

exangh his ta&%g?ﬁi%g%ﬁlﬂﬁimgf cﬁé‘?&% é§t?éﬁﬂ$gkﬁ/gl R RHRLYRA by

selectivity Assa
mxasuning @Blampuﬁt ateysllistAMBwaguasidtwhadIKER 203 @flis espiessing 5-HT,
Receptors | n s assay, the
rGRACFS ool Rl widirenn SRE RN bn Okl GO e

ab% !lggsug | ng the amunt of cycl i c AVP produced when

= I1's expressing 5-HT4 receptors were

cont ARK L8 (hhnelh fefrdrpgmtic krinegndellastabhstrafisféced with cloned human
5—019’?}28 lflencccia'ptoar1 'CD%?A lwe:(x;é:'I lp%e%%r%d 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/m! (GIBCO-Invitrogen Corp.: Cat #15140) in a

=

1
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25 HEK-293 (human enbryoni c ki dney) cells

stably-transfected with cloned human 5-HT4(c)
woeeEmszns8 CONA wer e prepared expressing the reeepuseooanss099

two different densities: (1) at a density of about

0.5-0.6 pnol/ng protein, as determ ned using a

[ 3H - GR113808 nenbrane radioligand binding assay, and

(2) at a density of about 6.0 pnol/ng protein. The

ceIIs were grown in T-225 flasks in Dul becco's

i e e T

peessyiediyehe edditioh bl géxﬁl%cfre@@b HemLNSIBEOUvitkdEsh Corp.: Cat #10131)
CO.| nvitrogen Corp.: Cat #10437) and (100 unlts)

B
t‘bgﬁ’E?‘PFﬁ"h (100 gg) streptomycin/m (G BCO I nvitrogen

@E@@%SMO) in a 48 WD 2007/ 062058

P 1 5099 5% C02, hunmidified i ncubator at

37C. CatlslveerviSval IPOMugHIYBY- 3R ohNHONL. SIS &RY | tPfventy-two hours
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Zonfl ty to twen
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tieflisk, byt echaniel @glmna'ﬂ% célt ﬁﬁp&@oﬂ@aﬁ&aﬂﬁ‘éﬁ&ﬂﬁ) a centrifuge tube
éG! BCO- | nvi tro n Cor Cat #15040) was _added
oiapiRg aneqyal ¥ o2l pre-wEmedi(AL (D AFES MC@W@B@%@WIH at

1600 rﬁrﬁ?ﬁhéjéu?eﬁ%ﬁﬁ was Qiﬁc%ﬁheﬁr&ﬁdftﬁ@ﬁéﬁle@ﬁaggr r gﬁieﬁ@éd in pre-warmed

i tation. The cel|l suspension was tran
(%%ﬁjt) stimglpsion iméfer (Himb ﬁﬂulwgleahp@'c%:l& [T-22f flaskspThis time was noted

a.?% Wﬁqﬁrﬁé Z&)o ?‘ﬁ§§ lWex%%mné 8%& gf%ult%r %%mteﬁchcfug{ above 8

e “SUpernat ant “was di scarde
uwa&‘lasle ymlx‘.a pasdedix 10’ c&lB/ﬂmk)TB(dells( wéfe)resispehtedidt @oncentration of

equi val -3 T-225 flasks). This
5t’i é)"%{% 863'W3H86(§&3r7k§b S%@“’@Flﬁﬁ bugep(as pﬁ%ﬂé@d incthe flashplate

f ﬁ{a;hsgtewatﬁwf@ggqbt,ﬁﬁl counter (count above 8 15
gm flask yield was 1-2 x 107 cells/flask). Cells were

r esu$§POAB assays wereprrEameddn asadiofmmengass@bformiat uging therFlashplate
e5
AYRYIITETRse ALlarihy AMLE S M Wi PP AP BN B, fprcinBimer Life
Sniencesdad/PBastoayBlA)e pecopding o6 thednanufacturdisdhstrasfionas say

ng{ F?atl I:SJ g‘lﬁ et h i gygs hBrﬁllRamSl%ﬁ déd £ yﬁ:ﬁ?@%/ gﬁﬁ%&gg concentrations in

tHeedskayzbideds :Lno%cellzﬂvépmme&inhnsssay ot wadV0 uL. Test
accordjng to the manufacturer's instructions. Cells

CoRPRUisaYFTe a7ReT Ysdep d larMagote sl phionsdndMARE, dlﬂilhfdl to 4@ M into
56 ANAGREPRS 'p@ﬁ’? 4iap 258 %oﬂ’é@rﬁﬂg qu’/@ B%; %nd géﬂﬁ?‘l J ﬁ‘gﬂﬁhé{ls then

and the final assay vol une was 0 gL. Test
mpde én thecamedwifes. CockhnnMb ewmlmqmaywmfomed with 11

dﬁ?éréﬁt%gnéé?ltéggmgM écﬂﬁ;?ound 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).
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50 mM HEPES pH 7.4 at 25C, containing 0.1% BSA, and

serial (1:5) dilutions then 25 nade in the sane
wouabd7@e205€ycl i ¢ AMP accurul ati on assays were pecTasame/045099

with 11 different concentrations of conmpound rangi ng

from10 pMto 100 gM (final assay concentrations). A

5-HT concentration-response curve (10 pMto 100 gM

was included on every plate. The cells were

i ncubated, with shaking, at 37C for 15 mn and t he

r eact bGP em Bodddi g%r%L%ffﬁéangﬂkaf ﬁtrgg?ﬁé%d%om the

detection buffer (as provid
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r h nd .r adi act i Vit
iDL yke A ONEN Y SitlinealReyb 8 Sh3GS Wil b {5 phPad Prism
Snﬁwage pivkagd oging tht 3-b Beedotrdi Fh6ida] duzeaedponse MdEIRbpe

49, WD 2007/ 062058 PCT/ US2006/ 045099 The anmount .
°8‘P RS 1L eRoteReY data gre reperted aPRiese Values s nagatiye decadic

16 @ithrh o tl@eaﬁesost;a&@ Wi EBOLEis tREERETD Qoﬁ&nttxlaﬁon for a 50 %

i nstructi ons prOV|ded in the nmanufacturer's use
mamal respRpse: wer e anal yzed by nonl i near regreSS| on

anal Nirdd . Pri
usi ng%ts gi par g%@?@%ﬁﬁ%ﬁ%@s é- l}re\e%p')%ﬁ §§Sat¥g%¥?3 a higher
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8LL0APOHLR-- AoRF¥EPle, thsicerwpund pf Byemple hpad ABEGa Falus of 8.4
receptor. The conpounds of the invention which vvere

10 tested I hi s_ass S|n cell line (1) havi

densit? % 3@ @é/§ %‘nglﬁy f GplupjtronefyP ga on Current
val ud®| ng’éPr&FS'HS rdigsBotassipm Channel

typi t about .
exanp%ktget%‘tam%‘“%ﬁsfﬁ&&é% HERCRDIRA YRy f55 Geil
R@bex@soﬂ at tisBaiversityl of WisconsivVoDeHg evefd st m\s:g:agexﬁé storage until

hon of Potassium | on t in Wigle Cells )
1 CEI e sabRn il Rieshoii BEDiosr ELpRar Eogles MediumF12

s@;ﬂbﬂf&nte@wwl 190 Bheetal boGing semheshd o d &%ﬂ"@eﬁs were seeded
obtained from Gail Robertson at the ni versity of

onfoRobyrd-lysingd19Q uﬁéﬂe) ¢natesd glassmoyergding.dn §6onm§dlshns {dontaining 2
xﬂleﬁg&ﬁm Gl ld%nyiﬁf n?%%ggolg%qp ﬁsc’ ?a%egelectefq%’ el;%ﬁg céll voltage-

Modi 1 e Eagl es
clpptudios i Tihe dishes meammaﬁﬂ&ngglmhgmmtied,l 3% G drs/inomtrent at 37°C.

o ove apratihdunlotion s arkd Bt Hrbo it Giregat sfored at 4°C when
noteid inse) That exdradeing it 36 1ithed ccﬁﬁﬁbtaceanmotqaeﬁ@tmlxtet ﬁg GLCL, (1.8),
%@&g}c %&e cel | volt%g cl anp studi es.
Mzﬁ h Qs 4i(FrBydroxyeth ﬁrﬂpﬁliaé@ee@%@whomc acid (HEPES)
(IDH 7NRith NHO. “fhe e)&fgcéﬁ‘@lﬁt L1h@8n, 394 4 39561}%&@5%;3 Tosence of test

prepared at |east every 7 days and store
compound, was contained in reservoirs, from which it flowed into the recording chamber

at approximately 0.5 mL/min. The intracellular solution was prepared, aliquoted and
stored at -20°C until the day of use. The intracellular solution contained (mM): KCl1 (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-piperazineethanesulphonic acid (HEPES)
(10), pH 7.2 with KOH. All experiments were performed at room temperature (20-22°C).
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not in use. The extracellular solution contained (mMV:
NaCl (137), KO (4), CaCl2 (1.8), MCl2 (1), ducose

w0 20)7/06205¢ 2- hydr oxyet hyl ) - 1- pi p er azi neet hanesBCPS206/045099
acid (HEPES) 25 (10), pH 7.4 with NaCH. The
extracel lular solution, in the absence or presence of
test conmpound, was contained in reservoirs, from which
it flowed into the recording chanber at approxi mately
0.5 nL/mn. The intracellular solution was prepared,

o 910 Bl 8 Q15 B ROCMIL L BBl corin
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wag alfied forthg pnreﬂasammneﬁghp ﬁtr@mm alf the- @4l iﬂu@ steif Hicgn -80 mV to +20
er
t@&gers?té% (f{ Fﬂ%ﬁaf o g?qgr11nean u)éwera.r?po ent g"h[% sZeﬁ) ba)ck to -50 mV
rqzshhs m amaoumdtedl Emmlmmit @S Ithltgcmlelrl’ﬁc&@fri femeinadib&ition and
m%ounds at a 10 concentration of 3 pMwere perfused
HVatehe cells for 5 minutes, followed by a 5-minute

vas hgghk pafrémmplithdia @b&gmﬁ@ e%t)leﬁ?ﬁmﬁﬂase Exl'éi‘é‘hét‘énﬁmed using
ositive control (cisapri was added to

PhEAB spEwars. Thscoptrel @Gﬁe&tuaﬂwl@ﬂaﬁpwre exportefie Qm@p® (OriginLab
N AN QRN ol AR RN L oot o e
inital queent areplitndarin thet abmentetd] icbmpuundarithe mmaheed:dmmme ineans and

ers_f omlnact vation a 5 de tes
SRR SRS R HER RE LR RETPlokP i 8 ime courseof
thessxperdmieat.m ned usi ng pCLAWP softvvare The contr ol
and téfSt article data were exported to Origin

(Ori §ORRAsisOR W RTe magls l?q{g(ﬁm the qhgs,rv% g\} curngat 1(nhzb1t10ns after the
fivBGh ML URpoSIHE S @fthé"ﬂ?é tegygﬁélevu%rv%m&w EBiof e.&gumy b BG% DMSO).

initial current anplitude in the absence of conpou
Steistiead camppriaensdiatw esit expSHASN Y groups gteamnafmdrwrsg a two-

d otted versus

p{);ﬁ.ﬁ SAE hncf gﬁgéedtg?es\f\mz ré%h ?rijlée Sff 6%{\1:0% % ence§j S WeTe c%oens1dered
smﬁmaheit\meﬁ aShe observed KK current i nh| b| t | ons after

t he

The smaller the percentage inhibition of the potassium ion current in this assay,
the smaller the potential for test compounds to change the pattern of cardiac repolarization
when used as therapeutic agents. The compounds of the invention which were tested in
this assay at a concentration of 3 pM typically exhibited an inhibition of the potassium ion
current of less than about 40 %, more typically, less than about 25 %. For example, the

compound of Example 1 exhibited an inhibition of about 9 % in this assay.
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five-m nute exposure to either the test article or

vehicle control (usually 0.3 % DVMSO). Statistical
woanpac2sens bet ween experinmental groups were perfuseeved45099

using a two 25 popul ation, independent t-test

(Mcrocal Oiginv. 6.0). Dfferences were considered

significant at p < 0.05. The smaller the percentage

i nhibition of the potassiumion current in this assay,

the smaller the potential for test conpounds to change

the %tgéf Irsglggwéc & OI(%E of 8?'% ﬁlolaég li\ﬁ{yﬁ \gggco-le i’%rxgﬁatlon Assay

therap € cofhpoun I nvent
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owing cell culture in the trans

captioh e aiomepifpldriplivaed 854 OntSiYo Cedp eavbal@alﬂef adifﬁwon chamber
ohft BPalc BERREIEN Rt h 3o IR B0k bl s effective in
rethfcingnhelmnsthlaerbbmumhsy laggerted into the heati ng bl ock
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156 |29 3ha Gith FOEMAhditdTRO irfopttdr BelihieeF8Lb 3R 120D PCXn

to each half of a diffusion charrber and create
exkperiments Wesa\conductadrat 37 °6sfor 6B aine Isimnmﬁ;omw eal;en\m DcB0 and

. t LVE I Ing th ed bo
T T A T
Irmmpon hduld(mnmmlanaﬁ Icautlmrigt for ﬂe@ﬂcd‘yhﬁmdld\mﬂdhnanmtol concentrations.

,]#% nni t ol ] or the inte t)é f the
Frag Pn%e tiojgp Q?S‘gm Aesmanracubiruct ed at 37 C
for R thiks AssaPPAR], SaIeeatérak i abdut 4.0 :3f0-08e/L0 1§T&d31s1dered

fromboth the donor and receiver sides of the chanb
isleasivepfifayarabls Higavatlajlity. The compounds of the invention that were tested

in this assay typically exhibited K, values of between about 20 x 10 cm/sec and about 60

x 10°® cm/sec, more typically between about 30 x 10" cm/sec and about 60 x 10" cm/sec.

For example, the compound of Example 1 exhibited a K, value of 60 x 10°¢ cm/sec.

Assay 6: Pharmacokinetic Study in the Rat
Aqueous solution formulations of test compounds were prepared in 0.1 % lactic
acid at a pH of between about 5 and about 6. Male Sprague-Dawley rats (CD strain,

Charles River Laboratories, Wilmington, MA) were dosed with test compounds via
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HPLC or liquid scintillation counting for test

conpound and mannitol concentrations. The perneation
woaed7ioezisent (Kp) in cm sec was cal cul ated. | nPCHiUS2006/045099

assay, a Kp value greater than about 10 x 10"6 cml sec

is considered 25 indicative of favorable

bi oavail ability. The conpounds of the invention that

were tested in this assay typically exhibited Kp

val ues of between about 20 x 10.6 cm sec and about 60
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t o-t.he. | ast | trati . -
oS5 TR IS o L i
ofallga Thielcatvipbihds ¢fFthefyventior that lneereltsted in ohismbiaydadd Crnax values
NN LN L TR M
1AYCRRI YO pXrt{RBRT the PBRHBANK foﬁtﬁg%{‘hgﬁslt h&OMe Qymi'ng values: Cuax

whicth exhi bit larger values o paraneters Cni'',

oPQIGR QrgrnL; ARIKHOR] of 0197 ugrhrémbsand/oral biogkgbabilés B(Y) 0498 %.
greater bioavailability when adm nistered orally. The
c onp MWhidisthefprédent invertidn loas beentdeswribed vath wderencet thitke specific

ass had. Cma..,., val 20, bet nabou.{o)e.].Sto &ot .
D3GR ST ALERON e Yot BeOTEY yfesR shifseon ghaf R various
cldifpdt may be made and equivalents may be substituted without departing from the true
spirit and scope of the invention. In addition, many modifications may be made to adapt a
particular situation, material, composition of matter, process, process step or steps, to the
objective, spirit and scope of the present invention. All such modifications are intended
to be within the scope of the claims appended hereto. Additionally, all publications,
patents, and patent documents cited hereinabove are incorporated by reference herein in

full, as though individually incorporated by reference.
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1.1 g-hr/nL. In particular, the conpound of Exanple 1
had the follow ng values: Chrax of 0.32 p.g/nL;

waLu(7@er0s8 of 0. 97 gg-hr/nL; and oral bioavai | abBCrius006/045099

F(% of 55 % While the present invention has been
described wth reference to the specific enbodinents
thereof, it should be understood by those skilled in
the art that various 25 changes nay be nade and
equi val ents may be substituted w thout departing from
the PG T I8! ope of the invention. In

addi ti on, naé%iAl [ |§%t|ons may be made to adapt a

partiicul arAsmhpaﬁnd)@ffoﬁahﬁr@al conmposition of matter,
process, process step or steps, to the objective

spirit and scope of the present invention. suc
nodi fications are intended to % ?\PB of
the clains appended heret@. A al | y/bal
publications, 30 patents, wat §nt docunent s Eﬁted

her ei nabove are incorpQrajfed by reference herein in
full, as though F'UI ('Dncor por at ed by
reference. 53 BoRLE62 PCT/ US2Qq96/ 045099 WHAT

IS CLAIMED IS: 1. A conpo@ﬂd of formula (1): O 0 N O
ANR ~NHR N=a N() R whereini 5 R is halo
or CWhSEiRy|  wherein G . 3a| kyl is'optionally

substgtt
Cl. ? Qiflﬁg\ﬁﬁg gfﬂw 3aef1 y su st Itu

hwpth hydroxy; R3 is CL. 3a|ky| or hydrogen; 10 R4 is
2 , : - Q.0 =6 .0r and : .
¢ ogerhas T PRATA sl hersiecti 0T el sibigituted win
tmuﬂmmﬁed forma noiety selected from (i) a noiety of
For mli“‘ as & alkyl or hydrogen;
* is -(CH,)1.5C(O)NR?R®,

0
WéwC:§%3 , or '€“<::>£; ;

or R? and R* together with the nitrogen atom to which they are attached form a
moiety selected from:
)] a moiety of formula (a):
)d
()
(ii) a moiety of formula (b):

(®) ; and

(iii)  amoiety of formula (c):
SN ) P
N S%o
©

wherein;
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l1cR 15 (a) (ii) a noiety of formula (b): r-Ne -
_INR6 (b) ; and (iii) a noiety of forrmula (c): 4N
weA®7/062058 20 wherein: 54 WD 2007/ 062058 PCT/US2006/045099

PCT/ US2006/ 045099 R5 is -0OC(O NRaRb, -C(O NR aRb,

-NR. dS(O 2Ct-3al kyl, -NR C(O R% -W5(0O) 2NRaRb, or
-NRIC(O)ORe; R6 is -C(OR, -(CH2)20Rg, -S(O 2NRaRb,

-S(0 2CL_3al kyl, or -S(O2(CH2)1-3S(0O 2C -3al kyl; 5

Ra, Rb, and R are independently hydrogen or C1_3al kyl ;

Sgt : ona¥| y%gﬁgﬂ?‘ ot emh 1\%}?1’329& ?i k%i{ ggﬂ(
“RRISEO)EYHRIRY on -NRICEI0R | tetrahydrofuranyl or
AN TR T B Ly e U R

-s CHL,) 23S (D)4, 1;that when c is 0, then d is 2, and
)lll(s 3(%13,%@ d when c is 2,then dis 1; or a

5 phar r?ae&bta}“élem gre MB@%F—]@ hydrogepor Sopakyle or
t 2 L
hor e S Rosg L €0ty Wi O O ANE RRoR By yicn
hlydroslyhyl or isopropyl. 4. The conpound of Claim1,

wher qols & LS,

R’ is hydrogen, C)salkyl, tetrahydrofuranyl, or -NR?R?;

10 R is hydrogen or C,salkyl;
ais0,1or2;
bis0,1,2 0or3;
cis0,1,or2;
dis 1or2; and

15 eislor2;
provided that when c is 0, then d is 2, and R’ is —C(O)NR"Rb; and when c is 2,then

dis 1;

or a pharmaceutically-acceptable salt or solvate or stereoisomer thereof.

20 2. The compound of Claim 1, wherein ¢ is 0.
3. The compound of Claim 1, wherein R? is ethyl or isopropyl.
4. The compound of Claim 1, wherein b is 1.
25
5. The compound of Claim 1, wherein R? and R* together with the nitrogen

atom to which they are attached form a moiety of formula (b).

6. The compound of Claim 1, wherein R? and R* together with the nitrogen

30 atom to which they are attached form a moiety of formula (c).

7. The compound of Claim 1, wherein:
R? is ethyl or isopropyl
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25 5. The conmpound of Claim1l, wherein R3 and R4

together with the nitrogen atomto which they are
watbamazdsf orm a noi ety of fornmula (b). 6. ThePcomsewsd45099

of aiml, wherein R3 and R4 together with the

nitrogen 30 atomto which they are attached forma

nmoi ety of fornmula (c). 7. The conpound of Caiml,

wherein: R2 is ethyl or isopropyl 55 WO 2007/ 062058

PCT/ U82006/ 045099 R3 is G _3alkyl; and R4 is

éCé g or 4-0 or R3 and R4 together with
the nitro fomto which they are attached forma 5

noi etR/ 1sd|@ﬁbes€(mmaﬂbnnl ety of formula (a), a noiety

of fo | a and a noiety of formula (c); wherein
R5|s~ NRaRb or -C(O NRaRb; R6is-C(O)R

-(CH2) 2 Oo;r -S(O) 2NRaRb; Ra, Rb, and are

|ndepe oge) nmet hy

tetr é?ﬁ ?E#éﬂ%ﬁrtﬁergw% ?@Rd% %1 4tgmd° whych §wy ar%?%aoiled form a
niiety sele€ted fbm Q&E’ole%'f_bf%ﬁmﬂla @ aimﬁetzm&%lﬂa ob), &hPh Moiety of

7, wherein R3 and R4 together With the nitrogen atom
fersndm(dh they are attached forma noiety of fornula

(b) M%%lﬁ#rg%bﬁﬁﬁ&@b%fpc&(gwa rrihe conpound of

e conpoun sefected from
4 (t & nak@@)@fu(@Hg)zORé;msgﬂ))ZW azine-|-car boxyl ic

2 R R R bty BIRORRY of Fefhif ™

- 8- aRARN @ipelyl-thtrahydrdfutandL; or R pr opyl ester;
4-(2-h 8r oxyet hyl ) pi perazi ne-1-carboxylic acid 3-

{(1S73R"6R) - 3-[ (3-i sopropyl -2- 25
oxo %1§1d| hydr obenzoi m dazol e-1 - car bonyl ) am no] - 8- azab
i cycl o- Eé 2.1] oct-8-yl }propyl ester;
cislor2;
dis1; and

eis 1.

8. The compound of Claim 7, wherein R and R* together with the nitrogen

atom to which they are attached form a moiety of formula (b), wherein R® is -C(O)R".

9. The compound of Claim 1, wherein the compound is selected from:

4-(tetrahydrofuran-2-carbonyl)piperazine-1-carboxylic acid 3-{(1S,3R,5R)-3-[(3-
isopropyl-2-o0x0-2,3-dihydrobenzoimidazole-1-carbonyl)amino]-8-azabicyclo-[3.2.1]oct-
8-yl}propyl ester;

4-(2-hydroxyethyl)piperazine-1-carboxylic acid 3-{(1S,3R,5R)-3-[(3-isopropyl-2-
ox0-2,3-dihydrobenzoimidazole- 1-carbonyl)amino]-8-azabicyclo-[3.2.1]oct-8-yl} propyl
ester;

4-acetyl-piperazine-1-carboxylic acid 3- {(1S5,3R,5R)-3-[(3-isopropyl-2-0x0-2,3-
dihydro-benzoimidazole-1-carbonyl)amino]-8-azabicyclo[3.2.1]oct-8-y1}propyl ester;

4-dimethylcarbamoyloxypiperidine-1-carboxylic acid 3-{(15,3R,5R)-3-[(3-
isopropyl-2-oxo-2,3-dihydrobenzoimidazole-1-carbonyl)amino}-8-aza-bicyclo[3.2.1]oct-

8-ylipropyl ester;
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4- acetyl - pi perazi ne-|-carboxylic acid 3- {(1
S, 3R, 5R) - 3-[ ( 3-i sopropyl - 2- oxo- 2, 3-

wdizrdezoskenzoi m dazol e- 1- car bonyl ) am no] - 8- az abraged06f045099

3.2.1]oct-8-yl }propyl ester;

4- di et hyl car banoyl oxypi peri di ne-1-carboxylic acid
3-{(1S,3R,5R)-3-[ (3 30

i sopropyl - 2- oxo- 2, 3- di hydr obenzoi m dazol e-| - car bonyl ) a
nino] 8-aza-bicyclo[3.2.1]oct- 8-yl}propyl ester; 56

3 Ca Zérﬂﬁﬁgﬁg Jf’ frg{ \4-512- Carglgcg%?d 3-{(15,3R,5R)-3-[(3-isopropyl-2-0xo-
23—{1(111/&(8’B¢I&R)m@a{5<(13-1|-wboxqp)almlﬁeb8{azab1cyclo[3 2.1]Joct-8-yl}propyl ester;

CI o[ % {;%%]rx%c OI 0 dg @‘11 %rx?l 1C %cx)dajn{ﬂg']yég 5)?)Z ? ki 3 %/sopropyl-z-

okoL2; mﬂwd@éﬁzmmlmmaiafmﬁyaaﬁm&mcmwy@m[g 2.1]Joct-8-yl}propyl
3-{(1S, 3R, 5R)-3-[(3-i sopropyl -
°¥B- 2, 3- di hydr obenzoi m dazol e- I-carbonyl)anino] 8- azab

|( cycl @Il3d1%x3telr919}d1§-'lw6-}tﬁ%ﬁﬁéfr{-3 J1fsdtBYlcarbamic acid 3-{(15,3R,5R)-3-[(3-

1, 1-di oxot et r ahydr o-
1sopn¢p)f},-|ie¢qx@2,)3leh@drnyqara@pmmcleabp@bonyl)ammo] -8-azabicyclo- [3 2.1]oct-

g%ﬁé&?ﬁ%&@ 3-[(3- isopropyl-2-oxo0-2,3

nzoi m dazol e- |

-car t(EWI-r)aabnmg]lpﬁmim-dymkbm@Ec Acit 3- @@S 31851?)—3{[(3;t:s¢bropy1 2-
028%2(? dg&%téé&%ﬁ?@%—gy el Blalgl?n o C-gtlzra clo[g Zalc_]oct— 8-yl}propyl

eoéf- 2, 3-di hydrobenzoi m dazol e- I - car bonyl ) am no] - 8- azab
|cyclo[3 1]ot 8y|}pro€
4- acéryrerylil] Aldirzenepen ccar Wwﬁgﬂ 34 (453 858)-3-[(3-isopropyl-2-oxo-
Q ~
2&?‘ &ﬁg@& g@gogig{r?%%?llﬁn 30 dg‘{zrg 1)1a%ggar§13g r?ﬁlslcyclcr)][g].% Joct: l;/l%propyl ester;
cl of Bilmeﬁiymb@lqzyﬂmpmbmeﬂadtiﬁbamlc a01d 3-{(1S,3R 5R) 3 [(3-1sopropy]-2-

ogi’ %-gﬁl)y_ aoElTe? 0 }(rls}cgg ro(li;%y'[ 'g}j:t r{]\%{)gr%gnbo 1cyclo:f3 {Z(ljjoct- 8-yl}propyl

est¢n- 2, 3- di hydr obenzoi m dazol e- | - car bonyl ) am no] - 8- azab

|cyclo .2 oct -8-yl } propyl ster.; . )

45 e BT BB A8 et 351 €1 SRS @ sopropyl
253 3Rlihpdrbb e AR 2%, 1-carbonyl)amino]-8-azabicyclo[ 3.2. l]é)ct- -yl}propyl
2- oxo- 2, 3-di hydr obenzoi m dazol’e- | - car bonyl ) am no]j

eglsiscycl 0[3 2.1 ]Joct-8-yl}propyl ester; 20

4 di [

@&’g&(&@%&fﬁ?%}( é&?@%%ﬂé f‘l‘?arﬂ;o%f@&?%( 81 Q1888 S R)-3-[(3-isopropyl-

220)0»@,33113y<ﬂ’0hgmbubidaz<dbﬁi—cmhmh}d)armno] 8-azabicyclo[3.2.1]oct-8-yl} propyl
-tcar bgnyl ) am no] - 8-azabi cyclo[3.2.1 ] oct-8-yl}propyl
ESF &MY and pharmaceutical | y-acceptable salts or

sol vahefmadeufit AlveicspableSalté 6F &liate@br skSreoibbmeeDimBRBNA

of Caiml where in the conmpound is 1, 1-di oxo-D, 6-

t hi onor phol i ne-4-carboxylic acid

3-{(48, 3R PR)¢ c(tﬁd'o?@ﬁﬁlﬁpylw'l%r@ﬁloﬂlgc ound is 1,1-djoxo-1A5-
di hydr obenzoi m dazol e-| - car bony gam noj - g azabi cycl1 )T

thlgmp}—miglmg-équ;qrb@)gﬁw acg%%-é(lﬁ’;ﬁik,éll 3-[(3-isopropyl-2-0x0-2,3-

dihydrobenzoimidazole-1-carbonyl)amino]-8-azabicyclo[3.2.1]oct-8-yl} propyl ester or a

pharmaceutically-acceptable salt or solvate or stercoisomer thereof.

11. A pharmaceutical composition comprising a therapeutically effective
amount of the compound of any one of Claims 1 to 10 and a pharmaceutically acceptable

carrier.
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pharmaceutical l y-acceptable salt or solvate or
stereoi soner thereof. 30 11. A pharnmaceuti cal
woanpas2ass on conpri sing a therapeutically effeeCTas2006/045099
anmount of the conpound of any one of Clains 1 to 10
and a pharmaceutically acceptable carrier. 57 WO
2007/ 062058 PCT/ US2006/ 045099 12. A conpound as
claimed in any one of Clainms 1 to 10 for use in
therapy. 13. Use of a compound of any one of Cains 1

to 1Q,for nuf act & of Jedi cane t ;
tre aﬁ%ént A/g?:o%lpﬂénodj I'a a‘f %lcﬁnta]ng e I%)rfuCl:L?rs 1 {6°10 for use in therapy.
associ at ed with 5-HT4 5 receptor activity. 14. The

use of d wherein the nedi d|t|o IS a
di sorlder %gﬁﬁ¥%RP 19f PPY?“BP%&hE g??PﬁﬁP“eOfa
nidd®@inent @)rltﬁe tr&AighenB 6f #nel@l Brkitshal @manﬁn;ﬁ ak&iated with 5-HT,
di sorder of reduced notility is chronic constipation,
ISR aplYitsn- pr edomi nant irritabl e bowel syndrone,
di abetic and idiopathic gastroparesis, or functiona
dyspepsia. 16. A process for preparing a conpound of
formida (1The use of£14n0) 3 wierein tidHnBlicilacodditionR® a disorder of

b are as defined in
%ﬁ?htﬂw g%’ﬁzﬁaf&?}ﬁte%ﬁ}é‘ia&g st er eoi soner
t hereof, the process conpr|5|ng (a) reactlng a
conpound of formula (I111) 2~~T ~

>0 N3- Rz Thawpsemd %W“a‘vb@ﬁﬁb‘é?ﬁ PAipigRROl r@dmd mmbigity is ohronic

constipation, constipation-predominant irritable bowel syndrome, diabetic and idiopathic

gastroparesis, or functional dyspepsia.

16. A process for preparing a compound of formula (I):
O

4
o /%N/\WOJLN;R
N—NH R
. —N
wEe
hz

wherein Rl, R2, R3, R4, a, and b are as defined in Claim 1, or a salt or solvate or
stereoisomer thereof, the process comprising;:

(2 reacting a compound of formula (III):

av)

wherein L' is a leaving group; or
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L1 ( ONR4 R3 (IV) wherein L' is a |leaving group; or

58 WD 2007/ 062058 PCT/ US2006/ 045099 (b) reacting a
woanpmdrds of formula (V): O--A N ~R7 )a i / >ECTNS206/045099

(v) R wherein Ais a |leaving group; with a conpound

of formula (MI): O R4 Y b HNR3 5 (VI) to provide

a conpound of fornmula (1), or a salt or solvate or

st ereoi somer thereof. 17. The product prepared by the

process of Claim16. 10 18. A nethod of treating a

nannz{ havi_ng. a nedi cal .c L1 ssociated wth

5-HT )recerg?%}ngaac%qrr\}?cfuﬁlfiot%%n‘g? od conpri sing

adm nistering to the manmal, a t®erapeutically

ef fective anount of a pharmaceuti cAAconposition

conprising a pharnmaceut|¢al Mept abl e carrier and

a conpound of any one of (RO g oth. 15 19. The

met hod of Cl aim 18 wherein the rreHi\czal condition is

irritabl e bowel syndrone, chf¥hic fonstipation,

functi onal spepsi del ayed gastric enptying,

gastroesop‘ﬁgg‘ggﬂ‘gfseq‘aleﬂi’(mgi e, gastroparesis,

post - oper akitN @ coh®etind b fRsfuld@T)pseudo- obstruction,
or drug-induced del ayed transit. 20 20. A method of

treating a disorder of reduced,nqotiljity _@gf the
gastrointestinal tract 7] ; r;ng met hod
conprising adm ni stegj g t he frammulg® a

therapeutically ef f eéti ve anonggfte%of a pharmaceuti cal
conposition conprising a phar tically-
to provide a compound of formula (I), or a salt or solvate or stereoisomer thereof.

17. The product prepared by the process of Claim 16.

18. A method of treating a mammal having a medical condition associated
with 5-HT; receptor activity, the method comprising administering to the mammal, a
therapeutically effective amount of a pharmaceutical composition comprising a

pharmaceutically-acceptable carrier and a compound of any one of Claims 1 to10.

19. The method of Claim 18 wherein the medical condition is irritable bowel
syndrome, chronic constipation, functional dyspepsia, delayed gastric emptying,
gastroesophageal reflux disease, gastroparesis, post-operative ileus, intestinal pseudo-

obstruction, or drug-induced delayed transit.

20. A method of treating a disorder of reduced motility of the gastrointestinal
tract in a mammal, the method comprising administering to the mammal, a therapeutically
effective amount of a pharmaceutical composition comprising a pharmaceutically-

acceptable carrier and a compound of any one of Claims 1 to10.

21. The method of Claim 20, wherein the disorder of reduced motility is
chronic constipation, constipation-predominant irritable bowel syndrome, diabetic and
idiopathic gastroparesis, or functional dyspepsia.
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acceptable carrier and a conpound of any one of C ains
1 tol0. 25 21. The nmethod of C aim 20, wherein the
wdizemrrodznisg of reduced nmotility is chronic conspPCpasR@me045099
consti pation-predom nant irritable bowel syndrone,
di abetic and idiopathic gastroparesis, or functional
dyspepsi a. 59 WO 2007/ 062058 PCT/ US2006/ 045099 22. A
nmet hod of studying a biol ogical systemor sanple
conprising a 5-HT4 receptor, the nethod conpri sing:
(a) contacting the biological systemor sanple with a
conpound of any one of 5 Clains | to 10; and (b)
det eppl ni ROmMchR deStfsamdyiroabtbdiyal ishee@rzamplt @mpriténg a 5-HT,
bi ol ogi cal system or sanple. 60
receptor, the method comprising:

(a) contacting the biological system or sample with a compound of any one of
5 Claims1 to 10; and

(b) determining the effect caused by the compound on the biological system or

sample.
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