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conpounds whi ch _are useful as 5-HT4 receptor agonists.
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INVENEOR; such TOPPoGRANGER HO&diZ ng nedi cal conditions

nmedi ated by 5-HT4 receptor activity, and processes and

i nt er medi at es us@RIDRKIY INFORMATIONh conpounds.

State of the Art Serotonin (5-hydroxytryptarnine,

[od'mgﬂ) Ths %p?ﬁé&'ti%rﬁﬁﬁr@ i hehd Al of U.81 debdisidhat Abplidatidn No.
t hf oughout "t he body, both in the central nervous

t ' ephpheral systens. At | east seven
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serbtonin receptors have been identified

and the interactio er Hlnj [ e different
receptors i SMM&:@E v;".%'glﬁbﬁshysi ol ogi cal

. functions. There has been, therefore, substanti al
Field Qfnfherlawention devel opi ng t herapeutic agents that target
speci fic 5-HT receptor subtypes. hi particular, .
[0@(23r acEterpreseht mventiontreldfet to ebefieldrad ratady acteatoisf iSpacifioally, the
of pharnmaceutical agents that interact wth them has

presenPROntioNGef2@EUS réthrySictititdrs Camprisig atbtatbld Mobipistod &&mbly and a
for exanple, the review by Langlois and Fischneister,

station%%/ Rm S aseifbly Wf’x@reir?]gog?tﬁ)?f'of)thf p ﬁé’t@ﬂﬁks‘%mbg’){ Effbe caused

ceptor  agoni sts are use or the treat nent

i sarders of redu ast r oi nt est,. nal

d d il f
by preginiiang 5ag e gl CEVEES b&Risen igtio bpd PSS HAL EhIFore

(1BS), chraonic constipation, functional dyspepsi a,
m@@&@@%ﬁ%ﬂ&@ enptyi ng, gastroesophageal refl ux
di sease (CGERD), gastroparesis, post-operative ileus,
[0003f estA raior paré udrp mstuates tis ofiscloged dr UGS. RatgniedNo. 5,235,900 to
del ayed transit hi addition, it has beensuggested that
Garcegmonme 5- HT4 receptor agoni st conpounds nmay be used in
the treatnent of central nervous system di sorders

i ncl udi ng cogpESCIIPATON OF BHEISRAWRYEK di sorders,
nmood di sorderS, and disorders of control of autonomc
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. activity, few 5-HT4 receptor agoni st conmpounds are in
Invention; nj cai use at present. One agent, cisapride, that
was utilized extensively for treatnment of notility i
[0Q)53 or digure ¥ istahiep dalstmabvieveet 4 fegt embadimenh of e praseaivinvention
fromthe market, reportedly due to cardiac side
excludidgftbe tsper havenginsgfrstpositicral trial s of anot her agent,
prucal opri de, have been suspended. Accordingly, there
[000%] 2 rEgstefPis AaYp FidWT bf REBRPERAboARN DF Ihd PAkerBCRV&HRN in a
their desired effects with mniml side effects.
fohr ed agents may possess, anpbng other properties,
roved selectivity, potency, pharmacokinetic

perd.i es,, and/ or. durat.i on, of acti an. RY THE
R ERAERE 18 F RYLATY Shobil RamEticover dohetaPogimgt of the
0ssess 5-HT4 receptor agonist activity. Anong ot her
presenigiIoni es, conpounds of the invention have been found
to be potent and sel ective 5-HT 4 receptor agonists.
(00088 or diigge P, is ehexplodehisomatriervisw d€s secondrepwdinett of the present
formula (T): wherein Rl is hydrogen, halo, or d
inventiodal kyl ; R2 is C3-4al kyl or C3-6cycloalkyl; ais 0 or
1; Zis a noiety of fornmula (a): wherein:b is 1, 2 or
3; dis Oor 1; Xis carbon and Qis selected from
-A-, -A(CH2)2N(R4)-, and -S(O 2(CH2)2N(R4)-; or X is
nitrogen and Qis selected from-S(0O 2CHC(O) -,
-SCH2C(O -, -O0C(O-, -S(O2-, -S(O2(CH2)2-,-A(CH2) 2-,
"'and GisWand c is O wherein Wis selected from
-N(OQR9}-, -N(S(O 2R10)-, -N(C(Q R 12 )-,
-N(C(ONR 13R14 )-, -N(S(O 2NR13R14)-, -N(R 16)-,
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h anot her specific aspect, Ais selected from-NC(OC
1-3alkyl}-, -N{C(O C -3al koxy}-, -N(C(O NR 6aR6b} -,
WO bifos(W412C1- 3al kyl } - and S( O 2N(R7a)-. In SPCT/US2006/007301

[00@§ft h%ﬁ&u&f am I C@?SR&‘ IRE]CY]@)VN %l) ggcto%%(f ; o g) )the present

%\#Z N(CH 3M, -N(S(O 2CH3)-, and S(O) 2N( CH
anenU@}eX 1%83‘}9@@1’?1]}@“8@5@%9ﬁfFGPP‘émWand cis 0, wherein W
is as defined in formula (1). In another specific
[00a8pecFigu® 7sis Wtop view Of atseéand lsmbodimpati of thepkesent invendion in a
specific aspect, Wis selected from-N C(O RO} -
secondpbﬁlﬁéﬂ)) 2R10 )-, -N(C(ONR 13R14 )-, -N{RL6}-, and
C»Z- such as -N{C(O -tetrahydrofuran-2-yl}- 5
&G6h oFh sgcgﬁa)e bo iment of the
[OOIE:E gléﬂf’e §)1$d_£atlﬂ(aﬁ‘§% N Z)E:trlc Nl\‘izsC( m di
N(CH 3)2}-, -N(CH 3)-, -N((CH 2)2CN} -N((CH
pﬁmmﬂé?éﬁﬂﬁ% and S(C»Z- In another specific aspect, W
'S selected from- q;, \ 0. 2R10
PRESCRIBIIQN 3 01 PMEENES vel y,
i n anot her SpeCIfI Cc aspect Gis carbon cis 1l and Y
[0012] a ryeembedimpents rﬂﬁscalb(ed)herwl‘n amtwreplsme@nb%ment comprising
aspect, Gis carbon, cis 1, Xis nitrogen, and Y is a
one upperipédtyn add bror ]niwleﬁpis’m)l, afcha 88 péstord emmbadipent convgrising one pair of
selected from-N(R8)C(O R9, -NR8)S(O 2R10,
upper pistbfRli@nd pairNF RSy &P, 1ERES of o stangn 1 fRBwRL®aderstand
such as -N(CH3) C(O , -NHC(O) CH3 -N(CH3) C(O H,

that add%%%ﬂ%@o@k%%@pm'sﬂég@gw %}&t é}lﬁ?ﬁs and lower pistons
may be %%@:g%ugé 826 C&éﬁ?%%% %1&( %%ﬁ%) SP%@@%"{S enf, rThe number

anot her speC|f| c as ect, Wis selected from-ORl5 and
of pressugZayTRAAyitigs Wil eﬁb@cﬂlﬁ pemberdpisionss and R4 are
i ndependent|y Cl1-3al kyl, such as nethyl or ethyl. In
[0043bt hek ﬁsqieambddimastptedhﬁ PRSevinthvBdticr & tiretfoyt pistom embodiment
specific aspect, R5 is hydrogen, Cl-3al kyl, or
depicte@lin3Bilghis y1-4 S UTHis asntipdith g esompriie bl lowek hmmhgxw cbiiprising a
ot her specific aspects, R5 is Cl-3al kyl, such as

central @'ﬁﬁrﬂiél 12 MburtRglsiirfhde PRAKONY. %utép\g@ll 35, oL ety 1]‘reci EmBodiment, the

speci fic aspect, Rb6a and R6b are | ndependent
e Cl- 4al kyl, for instance, R6a and R6b are
lower h%ﬁ%ﬁggs & élﬁl{ip ]t S

% hydrogen or nethyl In a specific
R7a and R7b e, i ndepenpdent |y hydrogen or )
003l B?fgﬂlea“s%a}?rweﬂwar T RPN Sk dgwer piston. 13
sp eC|f|c aspect R7a and R7b are nmethyl. In a specific
attachedstpe@nd RENinghghivegdre srouaingsiifgte, andch seeonidy griston 15
methyl, or ethyl. In a specific aspect, R is hydrogen.

attachedl mo,amdtehmnd'mgebbﬁé, thasypenting frfase dxkdepdicallyropposifrethe first lower
aspect, R9 is tetrahydrofuranyl, methyl, or ethyl. In

piston, S'EPE& 'técrinc"cﬁﬁﬂﬁ:ﬁkzﬁly Wmé‘l%s w8Fh &R & ﬁseﬂ"iﬂ%ﬁed}g&fgsﬂ $ense. It
met hyl or ethyl; R10, 'Rl 1, and R12 are nethyl.In a

encomq?ﬁ@% Slelvb Ens@cﬁﬁecﬁét aréqloq:gted] %ﬁ %pﬁ%s]ré oT Qﬁl GRS %%H i:>1¥ects Ehe lower
roge or et n ano er Speci
r.e indepe ntI en, of,
housing w%oah@,%e&w@%gg\aaeent b5 Vet tho S agnecs iipdtioel, such an
.. such a s hydrogen or nethyl In ecific
axis W%éé’@ﬁne rlthelélame&errﬂfdthéd@ﬁsmgn Ianaaprféerr@be@Bodlmeag pghe first and
R 15 i s nethyl. In a specific aspect, R16 i s -(CH
second werRidigns amtoytindnical. in sndiher mefetred @mbddimdnt, the Hiest and second
specific aspects, r i s O ; ri s1l;, orri s 2. hi
a specific aspect, R 17 i s selected from hydroxy,
cyano, C 1-3alkyl, and Ci-3al koxy. In other specific
aspects, R 17 i s selected f,yom hydroxy, cyano,
nmet hyl , ethyl, propyl, net hg and ethoxy; or R 17 i
s selected from cyano, nethyl, et hyl, and propyl. In a
specific aspect, R 18 i s net hyI or ethyl, wherein
met hyl or et hyl i s optlonally substltuted W|th

oy A



(1S,3R 5R) describes the relative orientation of the
bonds associated with the bicyclic ring systemthat
wae@cte@itt ed as solid and dashed wedges. The BPOIPSME007301

i.s alter at| denoted as. N\
lower pigtef 36 gt 3? BRHE S HRYS b # Rmﬁ '13 )“&%‘é’m‘“ F%%’ﬁ%ssh and 4,
| f onyl am no }ethyl)-8- azabl cycl o-
the lowey|louging Pom% @pﬁyqe)a gngx?é logated @be 151s1de the first and second
3-qui nol i necarboxam de. hi all of the compounds of the
lower pistoast aminoutess se&d ring 22aniecited gedialiheutside the first and second lower
gui nol i none-carboxam de is endo to the azabicycl ooctyl
pistonsgr Gl pReetréd ehdbbditsnt,i the ayr bed rane sdal trings flave cwidogetailed

conmpounds:
conﬁgdrathép O Cb‘ﬂ%le X8 b Zostlh rl‘)bﬂﬁﬁ’s%g Mbi he- pisteA! RRE VkdiA operational
d {(IS, 3R 5R)-8-[3-(4- nethanesul fonyl pi perazi ne-

suI fonyl) pr opyI ] - 8 azabl cyclo[3 .2. 1]oct-3 -yl}
pressurgm de I -1 s0
dro ui nol i ne-3 rbox

[0({1@ élfhr)s g&%n&e Isfluqx% mpmses a rotata cen 1I ghaq’tc i28 extending

d|nethylan1nopyrrol|d|ne | - sul fonyl) pyl] -
upward tireughcthe centsd chawest aigl g1 ppparihgusing 1 attached to the shaft above the
| -i sopropyl - 2- oxo- 1, 2-di hydr oqui nol i ne- 3-car boxylic
lower tamisthg( (Th alﬁéﬁeﬁbc?eﬁbec)inﬁﬂ{, 3hq vppeRhousing has an outer diameter equal to
hydr oxyet hy” piperazine-I-syIfonyIJpropyII-
the outelacnaﬂabféysfﬁafe Bwhaehsiggy am de; .
-|sopropyl 2- 0x0-1, 2- dlhydrqu|noI|ne 3-carboxylic

95 i i Mgl g AierB iy AR i b
extendmgmg}p% igg%qﬁ%fltig g? é%)cg t\h{%ﬂ tI?eqH{rsl’g g.ll’lcli second lower pistons

[ met hanesul f onyl - rop | pi peridin %I ) am noj et h%/
SO as to debingp f]évch'QﬁSPI@ 02V11§]' en);ht) 1tseé$ﬁ1raje ¢ first lower piston, and to
| -i sopropyl ~-oxo0- 1, 2-di hydr oqui nol i ne- S- car boxylic
define acsedofd ptesSire 3a B BQ)beBm(@-t{hplitself and the second lower piston. This
(2- met hoxyet hyl ) pi peri di n-4-yl ] nmet hyl sul f anoyl } pr opyl )
embodinSeri Zalhet onrides?a S¢@at-upped pistm e attached to, and extending below,
| -i sopropyl - 2- oxo- 1, 2-di hydr oqui nol i ne- 3-car boxylic

the up?é}rl‘ibugﬁilg at3d ?oc%ﬁc?ﬁ b@rw{eén [thd @i%t%ﬁ%%ﬁcp R pistons, [dlametncally

di n-"4-yl ) met hyl sul fanoyl | propyl } - 8- azabi'cycl o

opposi\gtﬁg hrs? @?T)P%Q% ){go ils t? %eﬁﬁy &rt%%]% pressure 8av:;>tyc3a6rlbeéwyefn t(]':le itself and
A5r, 3i ? 5|
the ﬁrsg oy ﬁlé@phw(i i pe e %ikﬁpljeﬁ%? fayis 3P bsirsy e itegpnd the

8- azabi cycl o[ 3. 2. 1] oct - 3-yl ] am de;
second] lojwep pisipry| 1 -2oRisfernederaborlioeniq i firsicand- seapisbuppércpistons are
acid ((1S, 3R 5R -S> {2-[(l ,1- dioxotetraliydro-|
cylindridal.t ITh cgploeher @rg&bx)r@cbtehﬁnéﬁmdni,omwcﬁmos]eeﬁhx)dl Jarér ag did €yt upper
l o[ 3.2.1] oct- 3-yl)am de;
piston, | seb&ﬁpﬁ |p1@coﬁ’ Xﬁrsﬂ 1w gﬂ@hoﬁﬁ’d @&JOHE'I_@W@@?E@B&]Y hﬂecsubstanually
3i ,5i )-8- 1 -di oxotetrahydro-

equal. ]Ib azgigp @r@%h%geﬁ{gadﬁ'ﬁ ﬁ#eﬁﬁfs@%&'& ﬁsngdgg?]upﬁ&f%lst}ons are attached to

o tetrahydro-1 16-thiophen-3-yl)-(2-{(l
theupp% 13%‘? y,gmg E i sopro ryl -2-oxol,
dr.oqui ngl me- 3- car bonyl ) am no] - 8- azabi ¢cycl o[ 3. 2.1
[0q18bt F@pﬂgap)ent: Arthericompgises aréirpﬁypreg.gm@puon line 26 extending
| -isopropyl -2-oxo- |, 2-di hydroqui nol i ne-3-carboxylic
throughathedovt¢r wal] 8 thesidy) oﬁath(a dirgt[lawer piston adjacent the first pressure cavity,
(4-di et hyl car bar noyl pi perazm | -yl ) et hyl ] met hanesul f on
yl am no} et hyl ) - 8-azabi cycl o- [3.2.1]oct-3-yl]am de;
| -i sopropyl - 2- oxo- 1, 2- di hydr oqui nol i ne- 3- car boxylic
acid (( I S 3i ,51 )-8-{2-[2 (4-
nmet hanesul f onyl pi per azi n-1 - y*et hanesul f onyl Jet hy*- S-az
abi cycl of S*. | Joct - S- y"arri de;
I-isopropyl 2- 0x0- 1, 2- di hydr oqui nol i ne- 3- car boxyl i c
acid[(l, 3R5|’?)8(2{2[4-

o e 1 I . T I T



triethylsilyl (TES), ert-butyldinmethylsilyl (TBS) and
the like; esters (acyl groups) including
W(()lzeoﬁr@)(ahkanoyl groups, such as fornyl, acetylPantdstohe007301

such thatgﬁ;d pgr[ %%ﬂo‘é‘%’z\?lle Q.ngl\p%?sggrgac%yﬁ% Bé%llw)ﬁ%l} m ﬁr?tﬁﬁssurization

phen met hyl (benzhydryl, DPM and the |ike. .

line tOA@P(’sIlrSQ |tg<h £irpty UppeROPiFigA rféxfﬂo"@r%ﬁys frogn thy disstplower piston.  This
protected as an al kylidene group, such as

embodiptenp fidthek icdmpeisesf seveud pressurizatinp|lime 28yextersling gnoygh the outer
a ketone, such as acetone. CGeneral Synthetic

wall to iOGeslof §8 fﬁ?@cflﬁﬂbﬂﬁﬁoﬁ fadjabentitie/eiividi pressagrcabity, pruelp drag duid can
fromreadily available starting materials using the

be 1nJeét941 Inﬁ&"'t t n[gr%%lure”@ivﬁ % @RsigR {RE SEUYLE resthiliFA0BA NI to cause
ticular aspect of the present 1nvention |s
|IIustrate in the sche I n,t
the second “gpRef I?Igt%gtr?l FEVPndlt ya%f %gstgévc@tsp g?‘%?‘iié Ores etnt Bféferrea
embOdlh%%gP%l Sﬁ?stg'glglﬁgg pr%g%&%g%thﬁggg%ﬁhOdﬁtgg gaﬁlrva entd internal
] starting materials known to those skilled in the art.
diamet¢rs. wi | | al so be appreciated that where typical or
preferred process conditions (i.e., reaction
[001 81 e ThisueraBoditnentefirtheb cemprsds as thifd presatiamion line 27 extending
sol vents, pressures, etc.) are given, other process

througlf &fédédtéloﬂ&l G&Mhti8d ob ehedl§ReEnd MvRESpiStbh wcérﬁ thé RbRMd pressure
Qpti mum reaction conditions may vary wt

cavity, %ﬁgl{ H{%P Iﬂ?l{d E:ﬁlaﬁc%) ﬁﬁ%ﬁ?&) Intg %evg%)E;n% i)?égs Q%ﬁv@‘ sk t%u‘ﬁugh tlge third

I OoNS c€an erm ned

pressurb%tppr? Ht L pe Ogee{]i]g] fif i Ogrsrgtg <? %ﬁg iar@g? #gh‘rg alsrlec}/ondefower piston.

conventronal protectin roups nay _be necessary

This empbediment Erthen caAmpriprst 3 i grestisizationy king r?c?e@ﬁerr%g through the
undesired reactions. The choice of a suitable

outer watldo ¢het sidmofiphe sgrohd loveerpaston edjheant therfotito pedssuge oangty, sisch that
well as suitable conditions for protection and

fluid cAhely DfeRedd i0fd tha feurieplesdtfOvavily B8 theowihtthe Fafrthepr@smtigation line
numer ous protecting groups, and their introduction and

to caust ﬂf@éé%nd gﬁp%r gféﬁﬁrr toRye dvaly f\%mqfl §dtend mﬁ&}%ét%%w%ns% Rreferred

Protectin ups 1 n Organic Synt esi s,
d..t her ei

enboc s M 8t P RO S Sy e

enes have the deflnl rovided herein Ss
diametgfs. herm Bolhiti BafeBad FROBRERLL okt 0P as?"rﬂoﬂ%s .tglrg and fourth
conpounds of fornmula (1) are prepared as illustrated

pressurizatige Heeschame s@istratiallyequvaleminteinal demestass. A, a conpound
of formula (H') is reacted with a conpound of fornula
[00dD)V) WhBigRke2,lthe fist appRPisidrgl1 D amlihe secomld wppetidbton 18 @fe shown
exanpl e, chloro, or a sulfonic ester group, such as

ina ﬁrﬂ%&ﬁh@ﬁ Qvitht :@8pEcRithe BES S}cY\JvélI;S?lstoﬁ‘ ‘i§ %@tﬂ?e ﬁ:@gn& f&%ver ipksBon 15.

to provide a conpound of formul or a salt or
this ﬁrﬁﬁg XlﬁBS p%ssﬁ{eeé’a@ﬁ 4&#%9 b §§ ﬁy\hcffggggtaﬁtf’alﬁ' é&ﬁ Valent size. If

the ﬁrs %lglc%ﬁ%-lg’gm l}e?dfﬂg%{b\ég%ts\%%%gﬁggﬁap o%ﬁ{zegtby injecting fluid
ui val ents of a conpound of fornmula (TV) in an inert

througru&rerferﬁ& pressyeiFation hmn?woﬁthreﬁongﬁh egsauidatien (iDR2P, rospeatively, the

presence of an excess of a base, for exanple between
resultingbyressufizativoh eiibwésuB moal icvarhtelmlc&kwﬁsebmaiionsmitﬂleaﬁrst and second

-di i sopropyl et hyl am ne or 1, 8-di azabi cycl o-

[5.4.0]undec-7-ene (DBU), in the presence of a

catal yst, such as sodiumiodide. Suitable inert

di  uents al so include DV, %rchloronethane

trichl orornethane, 1,1, 2, 2- t et rachl or oet hane,

t et rahydr of uran, nethanol, ethanol, and the |ike.

Sui t abl e catalysts include for exanple sodi um

|od|de potassrunrlodlde and tetrabutylannonlum

o — oy o,



defi ned bel ow. For exanple, a conpound of formula (TV)
wherein X is carbon and Qis selected from
WO S{0a)p263iH2C( O) N(R3) -, -S( O 2(CH2) 2N( R4) -, PCT/US2006/007301
-S(O 2N(R7a) -, - ONR 7h)-, and -A(CH2#.2N(,R4 -,.can .
upper pistogs é?lafrl\éfdt%ﬁlesﬁol%%d E@@PQ,IOW? PISORg; TRgUiLIAg df ﬁ%fdﬂ’ Qs being
(3) wherein L1 and L4 are leaving groups, and B is
locatedsialassetaul fostion-aSER)ywChHPEigDe-3. - S(O) 2(CH2) 2-, -S(O) 2-,
-0C(O -, and -A(CH2)2-, with internediate (4) wherein
[00R0] i s Iaelpefoadd brmbotinint, fhe fifbPreasure cavity 32>atidotha fourth pressure
defined herein; to provide a conpound of fornmula (IV).

ity S8 i OlhfBetife Fd t iR fisi izati
oty VL Ao BOTRRUREL LR 10 Agcl il presision

ine 26 4RTEHE Kkt el hion U9 6 b Ropaion GPHED st yppcs piston 12 and
the seqrog glinhcgrg@%tgﬁ grérg(gh gﬁ%ggq?éoé\g&ré gfgcgvgnL %r} g?ﬁgneLf t§'%e second position
-S(0 2CR2¢( Q) -, -SCRGO-, -5(0Q2-, -S(OQ2(C)2-, . . .
shown ipEigyre 3. -IntEHpyessurralom PP NS edt oyg)vthnoﬂuld is injected
provide a conpound of forrmula (IV). Simlarly, a
into firsopressuridatodn tiner 26, litis (Veved direngh theisscandrivensuizadio@ling 28. When
-Al- , wherein Al is selected from-NC(O R5}-,
fluid s NinfectINRR@RAE fourth - PeSHuDatloh- Bae k), }it ,is avited through the third
-N{S( O 2NR6aR6b}-; can be prepared by Schene E-(U);
1 hAg internediate (7) wherein L1 and L4 are
pressmlk?%ag\?lﬁﬁgkg?bups, wi th internedi ate conmpound (8),
reip,.Ra is -C(OR5,. -C(0O) NR6aR6 - S(0) 2C1-.3al kyl .
0T S BpSR RIS 78 i 5, R POSBBTRAB TR & clockowise
. (I'V)., The reactions of Schenme E are typically
rotatiog d;%@étférét arerr PieE Lo aaN thorecoadsmebdistsiddecanpe caused by
Schenme A, and are further illustrated in the Exanples
pressutigingitie thirdcprepmiumdadaty 36rnd/on tevyecond prassye egeite 84 dbrough the
illustrated in Scheme F: Schenme F wherein a di net hoxy
seconda@eésatirizationr iimeli 28 earcidom e dthi{r8) pfeshaization Qnd 27, respectively.
selected from-S(0O 2- and -A-) is hydrolyzed in an

Altemﬁﬁ*éﬁ%utﬁeﬁo hidtd @Bn e Prevbured ﬁﬁiuﬁané‘o%llyefbaq&ll@ve 3¥s Odlockwise
6N , to provide a conpound of forrmula (V). Wile

oo T o8 APOURF BT oo B ) e, i

the form of. an _al dehyde. .An |pternmedi at e _conpound .. .
vented, Bayell M s pfstirato 1o, of ridth Bice ooy MigseiGsasion tine 29,
;s 0, and QL is selected from-NC(O R5} -,
respectiYglys( O) NR6aR6b }-, - N{S(O) 2Cl1-3al kyl}-, and
-N{ S(O) 2NR6aR6b }-, can be prepared as illustrated in
[0022h e NP eZ08s hefrordindy  skidbvin | the Sahewd] Gnderstaad nti at esource of
(IH) is reductively N-al kylated by reaction with

pressufizth Xy, a6eH ad Bphvde flddpiney béeoddled tH @ichpedsalirgzadbn line via a
formula (10). This reaction Is typically conducted by

. . : : _ : het _ .
control N e b T O D Bl il { A E Yo Fe ki Phétcin may
ipnent di-luent .in.the presence..of base ch as . .
be selepfvaly Pl ing, Bk Pal §2 3650 of 48R Suisalfely dpatied in Muia
ahout equi val ents of reduci ng agent. The reaction,
Comm?rgcﬁt%i%@ fep t %ﬁ"c?ﬁ’é’togo"fgifeséﬂ%?*’élﬁfl ﬂalléﬁ’rﬁ’é‘? Q%eﬁrét: fgfond, third, and
about 1 to about 2 hours, or until the reaction is
fourth prassurizatipa|lings.c dioplaegiwen Suibpdiviant ihawing alsdtuwmber of pistons, the
i ncl ude di chl oronet hane, trichl oronet hane,
longitullink] Ren2tlt ef thecibtono déthaniaes trcbittbes kirdle. anbyfbe Giekrees of rotation
reduci ng agents include sodiumtriacetoxyborohydri de,
sodi um bor ohydri de, and sodi um cyanobor ohydri de. The
product (10) is isolated by standard procedures. Next,
t he di met hoxy internediate (10) is hydrolyzed in an
aqueous solution of a strong acid, for exanple 3N or
6H HO, to provide the dihydroxyethyl internediate
(11). The reaction is typically conducted at a
tenperature in the range of about 25 OC to about 100 C
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desired, the resulting uniformy blended m xture can
then be shaped or | oaded into tablets, capsules, pills
wan@etba1t i ke usi ng conventional procedures anHCTﬂBﬂmwmnyn
equi prent. The pharnmaceutical conpositions of th
involvd e n’aveimgaﬁremm frse paBtign o ksseddl POIPIYNAS the §ﬁ'§éef of pistons
form The term"unit dosage form' neans a physically
increaskissthe ahagnitnid of pistcabdteke decrdasss figr the same elipmeter, wtary actuator of
each unit containing a predeterm ned quantity of
the pré¥eftlifeentiggnt cal cul ated to produce the desired
therapeutic effect either alone or in combination with

[ng@aorT ﬁlb@gﬂﬁctr% Cdler H Hses aod'eaﬁﬁéwln?oun%&cte tHORaft and the

orns na e caps s, tablets, pills, and t

he
s i e LSRRI MR Bl i

adm ni stration. Suitable pharnmaceutical conpositions
l. for oral adninistration may be in the form of
capsules, tablets, pills, |ozenges, cachets, dragees,
[0p24ider &, segamsnemibediment efithe preseaitinwmtion is the Si9epision emhediment
an agueous or non-aqueous liquid; or as an
disclosddl ini Pigwees 3-8 or Thiatedibddimeit| comyisesl aclowks honsing M8anamising a
elixir or syrup; and the |ike; each containing a

centraPEIREREICE MoNBEh 2ERIRE 49tind ak BhRPWANI49f the present
|nvent|on as an active |ngred|ent When i ntended for

[095 S y ?gfsi?s n%lﬁ%(?cﬁ{ﬂeﬁp o(?%ﬁr?shg Qc}s qu\gglf %anel{ |4.3e attachied to, and

i cal onpo t|o he. i n tion wll
extendiyp Ay e oo ESE St Ui CBPof %ﬁﬂ@-@% qURFLSRE ofptatable
as the actlve |ngred|ent and one aqr
centrab hafiyAl eprtonding ypwaddhraushdhe &Pmr%ér@an%@c Andy én ey hpusing 40
citrate or dical cium phosphate. Optionally or
attached teethe ahafv ebgye the ddwerdiousing d8adehef lowrs housingd4& comprises an inner
conprise: (1) fillers orextenders, such as starches,

seal rifiy A1 Q6¢ayst Aklallfangied thel faseand RebMbRwes pistaRLandhv6@SEseal ring
mannitol, and/or silicic acid; (2) binders, such as

42 locafdt I?%FM?S&HMBE e fikOaRY seBbril BRLE stoﬁ?l ﬁ{ ) Erefé?@dyéﬁ'lmﬁdhment the

pyrr one sucrose and/ or acac nmect ant s

inner ?510 9ut§ sgg Mcer c@a@%&lﬁ% nct)netg%lg%t otn%o gr%?hqgghegg Vocpes%’g’ collapsing
) alglnlc acld certain silicates, and/or sodium
Into ﬂ’@é’ll%%‘hré?ré ﬁo(TS?P"sr?atI‘%'{ai BYS§%%-ar di ng agents, such as
paraffin; absorpti on accel erators, such as
(0§26l er ﬁbmyera ymienimigdrep cupmpsisey 2 wepter i pigoagniatiached to, and
such as cetyl al cohol and/or glycerol nonostearate;
extendifig belbwpthbappar, hosisinl ags 1dcatidn diaarticatly bppdsiteithielosleppiston so as
(9) lubricants, such as talc, calciumstearate,

to deﬂﬁége[‘ ﬁﬁdt YRsShre aadit? 6258k 4 s&@h&’ Prdavie rb%vﬁir %4 HebwechOfieWnd the
| auryl sulfate, and/or mxtures thereof;” (10) col oring

]owmr%%ﬁ?§§sdﬁﬂﬂ1%¥% rQ%fferlng agents. Rel ease agent s,

g agents coating agents, sweetening, flavoring

reservatlv s . and anti.oxi.dan .
0927 SIS "@qﬁi@sﬁt Rt PR i EBt eI ILIG o FEtending

of the i nvention. | es of

throughnihe pitkes (iralk t the- Sa&: nPhﬁapweemStO@xaddmmsther&rpm@ssu(qyawty 62,
wat er - sol ubl e anti oxi dants, such as ascorbic acid,

such thatsftuid pan beyuhjestdd ioto e ,ﬁrstcpdésamhniasiw 62tleougothi dirst pressurization
met abi sul fate sodiumsulfite and the like; (2)
oi | sol ubl e anti oxi dants, such as ascorbyl palmtate,
but yl at ed hydroxyani sol e (BHA), butyl at ed
hydr oxyt ol uene (BHT), lecithin, propyl gallate,
al pha-tocopherol, and the like; and (3)
nmet al - chel ati ng agents, such _as citric acid,
et hyl enedi am ne tetraacetic 8ci d ( EDTA) , sorbitol,
tartaric acid, phosphoric acid, and the like. Coating
agents for tablets, capsules, piIIs and li ke, include
t hose used for enteric coatlngs such as ceIIquse

. o, I A~ A SN\ e o,




Distilled water g.s. to 100 nL Representative
Procedure : The ingredients are mxed to form a
waeapeension contai ning 10 ng of active ingredi POT/URENG6/007301

. 10 mL qof suspension. Formulatio anpl.e H A dr
tine 6615 ¢ U RPBEURISHD 2P G P Y it e i g vgdome of
foll ows: | ngredients Anount_Conpound of the invention
first pressorerpgvity 62 dpscases, agsiRepyiadégitari ve Procedure : The
active ingredient is mcronized and then bl ended with
[0028}t o<Ehis Sinbsdinleanflethertxhprises aseedndrpressadeatianrling 68 extending
gelatin inhalation cartridge. The contents of the

througk #d diteloRalRtEthrdided fIhe [Rebr pistergadiageaiifrsecond pressure cavity 64,
i nhal er. Fornul ati on Exanple I A dry powder for

such tﬁ&’t”hﬂiidsﬁe[tpgje C’LHjePbédi RbRlRE 5Qidnk NorBssiRS AR, €2SBrdupAiBr second
I's prepared as foll ows: Representative Procedure™ A

e BRI, 2Ok RSl W e e SRTTSHBE 4R M s, s

di spersing 1 of act,ive conpound as m cronized
that th?)&?lflm@l°§§g‘iﬁp8ll?g??§‘gﬁ °§Y1%g‘1 BE¥%Nan 10 nmin a sol ution
formed fromO0.2 g of lecithin dissolved in 200 nL of
[00RHi neReasans eaf mgi@ary Fhidl dusthenat owill smdgrstapddihagoa ageyree of
the resulting material is mcronized to particles
pressutization gluad, seetnaghyainailierfluid ssayt frecoufled toeachijresspezdtionl la® in this
are loaded into cartridges with pressurized 1,1,1

two pistn!@itcimbiar \gtdadifrol MardUdyslehPso R TRE YrebsuMization and venting

injectable fornmulation is prepared as foll ows:

1 ngredi : [ i 2 .
operat G HER-EE8 BefoFR My, EP USRItk Rg At oR Rl b goggation of
r OH N).g,S. to .4 Water (distill.ed o
flow oftaqh el ipetelied i PorsfinBalich HRGEn BiesRRerup E OF presgprization
__above .ingredients are bl ended and the pH is_adjusted
fluid apg the first gnd, seqegd presswization dines. b apredened rspediment, dhe first and
Exanpl e K Capsules for oral admnistration are
secondorgpandzhtme flimes obwve Isnbstadiaint squindamt iGenmbudidmefers.  This
the Invention 4.05 ng Mcrocrystalline cellul ose

embodivntqeithdridodPBises?DBeading B4 YhgIHeS tdIthes sledy aideth® ugPerM@using. In a
Representative Procedure : The ingredients are

preferre 9&1@8&%6&,%@5‘&%&%?@5’&&5@ Be %dsHoWnan?igﬁ'le gtin
capsule (Si'ze #1, Ite, Opaque) (264 ng o
OSit i On | e). tio . . .
i L PRseRBle FOGRH bl BpRo PEms TRIR Bu¥ g itusueive and
foll ows: |ngredients Amount Conpound of the |nveptiaon,
explangtosy. ny W‘Er‘%é?%@tlﬁ the sige: shapeansidBatergls cas Wbl psiigdhe details of the
139. 05 ng Magnesium stearate 0.75 ng Representative
illustraive euttetion Abot 4 jhusatietrnethod mayioe suagielwittiue depeting rom the
then |l oaded into a gelatin capsule (Size #1, Wiite,
spirit dDpleinegntiohd8 ng of conposition per capsule). It will
be understood that any form of the conpounds of the
invention, (i.e. free base, pharmaceutical salt, or
solvate) that is suitable for the particul ar node of
adm ni stration, can be used in the pharnmaceutica
conposi tions discussed above. Utility The
qui nol i none- car boxam de conmpounds of the invention are
5-HT4 receptor agonists and therefore are expected to
be useful for treating nedical conditions nediated by
5-HT4 receptors or associated with 5-HT4 receptor
activity, i.e. nmedical conditions which are
anmeliorated by treatnment with a 5-HT4 receptor
agoni st. Such nedical conditions include, but are not
limted to, irritable bowel syndrome (DBS), chronic
consti pation, functional dyspepsia, delayed gastric
enptyi ng, gastroesophageal r?flux di sease (GERD),
gastroparesi s, diabetic and [ di opathic gastropathy,
post-operative ileus, intestinal pseudo-obstruction,
and drug-induced delayed transit. In addition, it has
been suggested that sone 5-HT4 receptor agoni st

o - o, g oy



pattern of cardiac repolarization, specifically to
cause, so-called QT prolongation, which has been

wasweobated with cardiac arrhythm a. (Cavero ePCHUS2006/007301

Pl har macot her apy, 2000, 1, 9Al -13, Fernin
“HLNﬁi§éﬂéyﬁ¢§b ¢ Reviews Drug Discovery, 2003, 2, 439-447)

1.

Accordi ngly, pharnaceutical conpositions conprising
ébﬁﬁ@%ﬁﬁgméFc9W@nﬁﬁgbntion are expected to have an
acceptabl e cardiac profile. These properties, as well

a@s t he lowiet hougingfcontpsisingransutralschafmel hamopyigng susface ardhan outer
be denonstrated using various in vitro and in vivo
assayswalgl | -known to those skilled in the art.
Representati ve assays are described in further detai

ig) the, f:8l lofet giiﬁtoﬁmeﬁ%, AR ERg BBEvd, @hd MWhitthg surface;

synt hetic and ol ogi cal exanples are offered to

i ]l ust ' ' d : e

. any? Shagid 85 BISF ABRpe oM Epilink Book, BRNBHIMER surface

t he ex | es bel ow,. the fqollow ng abbreviations have

t he fﬁ%%ﬂﬂ%ﬁwﬁﬁlﬁ%@‘eLﬁ’ﬁ%&%‘gﬂd}lﬁ@w se i ndi cat ed.

Abbrevi ati ons not defined bel ow have their generally

ak c e ptaa@tatabimeanigs! stefextandingupypehitporgp the pentyad channel;

di car bonat e DCM di chl or omet hane DMF L

N di memhppéoiavsingctadidB@ thedihaf thyve thealdvoorindesiig;OAC

ethyl acetate nCPBA = mchl oroperbenzoic acid MeCN

acet ony first h?pé\?@&l)ﬁ aftdchiedtry,| andedxipandirgt betow PsBApper housing at a
- Ly

benzotri azo oxytripyrrolidi nophosphoni um

hexaf liyarRRNRIROA! fieRidst 2R84 §Bddn@Nof P%}?ISEOIBTSJ QO define a first

tenperature TFA trifluoroacetic aci

t et rahydr of ur an. Reagent nd.sol vent.s re purchas

fr om comitiecyay DERARR.Re ke a0 0 iy IRLS: BHGROARFR define o
etc.), and used without further purification. i

React iS6FRAAEFSUTESRVIIn BEVERR thed el 2nd Fh?s?ﬁﬁ%ff‘glf’wﬁhl”é"é@;

not ed ot herw se. Progress of reaction m xtures was

rBni t cresdonslunpief pistoayastackedriomdagteading helavg)the upper housing at a
anal ytical high performance |iquid chromatography

(anal .lo¢d#bbetveed thafist apeaicondriiwey pistdis, diatretrdcallpiopposite the
whi ch are given bel ow and separately in specific

exanpl st Wpef Fidohi &NEs toRRARE b WirdThrekth € SaviS LRHNMESIRE itself and
up as described specifically in each reaction;

commony,y tﬁl‘sft] ‘fé«zvéﬁ{%&o Udil'dft{% %gﬁll?%/ a ?Wh%‘eés% @Eﬂz‘f’t %teg%en the itself

purification nmethods such as tenperature-, And

sol vent - depende crystallization, and precipitation.

I'n ad(finflg]b%ec?‘%‘g f”lef)ﬁls Uxtures were routinely purified

by preparative HPLC. a general protocol is described

Bel ow.a Grshpeessisization linp cyfendiag dhriogsh theoonter wallde the side of the

routinelycarried out by mass and 1H NVR spectronetry.

For NNRstiessn mastemtadjasentpthe Sirsiepressiirs salivyg dsuich that fluid can be

deut erat ed sol vent (CD30OD, CDCl 3, or OVSO d6), and

1H NMRojepledtinid the rfirstogi@stute davidyt fhrdhgiathb MstGerbdiz2@301ine to

instrument (300 MHz) under standard observation

condi tJ 0 o [ f [ s o
cali$tthe H&%ﬁpﬁ%ﬁ%@?@?ﬁ%&%\* Ctéﬂa th Akt R)Qve?%lston

conpounds was pe rospray 1onizatién

nmet hod (ES wi t.h .a Perki | i nst.runment Cl

K1 2 SoE Presitiralforg i kR royRE H e vl he side of the
Crude_#gorrf)ounds wer e, di ssolved in 50% MeCN H 20 (wi_.th

0. 19% TR logter piston agjaggt the dipt BrRsPUE | BHitY.afwegh dhefl {yidqcan be
using the follow ng conditions: Colum: Zorbax

Bonus-RP (3.5 mm of particle size, 2.1 x 50 nm Flow

rate: 0.5 nmL/niin Mbile Phases: 5% MeCN H 20

containing 0.1% TFA (isocratic; 0-0.5 mn); 5% MCNH

20 containing 0.1% TFA to 75% MeCN H 20 cont ai ni ng

0.1% TFA (linear gradient 0.p-4 mn); Detector

wavel engt h: 214, 254, and 2 nm O her conditions,

when used, are indicated explicitly. General protocol

for preparative HPLC purification Crude conmpounds were

di ssolved in 50% acetic acid in water at 50-100 ng/nL

. o . .




chloride, triethylamne; ii) Mel, Cs2CQO3; iii) NaH,
| - br ono- 2- net hoxyet hane; iv) CF3CO2H. | soni pecotam de
W@ piop@pdddme- 4- car boxam de), and proli ne am de Per/682006/007301

pur chased, fr.om nmet h ol ine

avai | dBIcEt efir‘%t%@é‘ﬂ Pé“c‘:”"rs'éfr"r@%t”r%t WEEWSS““ #ion Tine to
4- pi peri di nyl carbamat e _was prepared from the reaction

of L -cBbsspthosenondypper Mstomis 1peyq awavergmithe first lower piston;

nmet hyl chl orof ormate foll owed by the deprotection of

tjhe NB@ﬁxdgrressprizﬁioﬁi lperdxtindolg iroveh e oatcb aradlt te, thanide of the
7V-di net hyl - ' -(3-piperidinyl)urea were prepared by

r eact i 3orfdl 1Rl yistonrdapidnt the §dcond presiré bavily; Bah that fluid can be
prot ected 4-piperidinol or Lfy-Boc-3-am nopiperidine,

r eSpetCrh_bFétMnto tSr fec?%d ressur cav1t through the t)htrd ressunzatlon line to

3-(Me arni no Aosul onyl
\g/a?I Sb({?g%%n Ffb %‘t ; e%?]?téﬁﬂlg plg;lp}le ?w%yn@o%t{x%second lower piston;

di met hyl sul f anoyl, chl

X ( 3- WWlHﬂ‘F%ﬁW%@BS P&%@Pﬁj]&gn@fo“&h the. Qptervlktaphe side of the
synt hesi zed by treating N - oc protected

3- ani respyid loted pistonvddjdeent- thi e tppregspt s eavitynstich that fluid can be
chloride in the presence of triethylam ne, and

f ol | oviefdcied idibAhd foasth pRdturk eavityhiralghribe foaithgiessirizdiion line to
Boc group. Exanple 1: Synthesis of

(' | - %aﬁ%@%éc@ﬂ&@bﬂeﬂdlst&i 1 h e ARy ¥tthd gecofid lower piston;

3i?
)la?nd.[fdo'iéaﬁfgaza |eg3%/%@g[os§lla%%&?oct gﬂﬁﬁ 1) carbani ¢
Gt en g e sb g dpip e TR gt oy et andssteands oes gistons:

hydr ochl ori c aci d (30 nL) was added to a heterogeneous
sol utiagd of 2,5-di met hoxy tetrahydrofuran (82.2 g,

- 0.622 mol) in water (170 nmL) while stirring. In a
separ aneutdrasil rogdbeded dBUE opisile thafilst and savord iavedr iktons.
hydrochloric acid (92 nL) was added slowy to a
sol ution of benzyl amne (100 g, 0.933 nol) in water
(350 nL). The 2,5- dinmethoxytetrahydrofuran sol uti on
ﬁ%e@gﬁ%aﬁgatgpéf&ﬁg{?ﬁﬂﬁlﬁ It%bléﬁg Jhastﬁ@r% (‘Lé Hgo uti on was
added, foll ovved by the addition of a solution of
1, 3- acet onedi carboxylic acid (100 g, 0.684 nol) in

er (400 m.) d then t he addition of  sodi um

ﬁ@tr 9? ¢laimy 1o wherein t%rffrsq Andheteeand froeernpljtons are
The pH vvas adJ usted frompH 1 to pH ~ 4.5 using 40%
Natpgdricehe resul ting cloudy and pale yellow sol ution
was stirred overnight. The solution was then acidified
to pH 3 frompH 7.5 using 50% hydrochl oric acid,
heated to 85 0C and stirred for 2 hours. The solution

usr nge% echuidter 60T £RAPREGh WehirsPAR telc&sid foeP ?ﬁt&ls are attached

% NaCH, and extracted with di chl oronet hane

d organic | ayers were washed

?qughﬁgmﬁtraﬁggﬁggﬁn) filtered and concentrated
under reduced pressure to produce the crude title
internedi ate as a viscous brown oil (52 g). To a
solution of the crude internediate in nethanol (1000 )
e Rksy RGHBtPri oft dainh 4t yhergin thepivnett and pytes sgal Wngs4comprise a
nol) at 0 OC. The solution was allowed to warmto room
tdowpteil abnfiguratih. st i rred overni ght. The net hanol was
renoved under reduced pressure and the resulting oi
was di ssolved in dichloromethane (1000 ni). The
i nternedi ate was extracted into 1M H3PO4 (1000 nlL) and
washed wth d|chIoronethaneS£3 x 250 nmL). The aqueous
| ayer was basified to pH 12 “usi ng agueous NaCH, and
extracted with dichloronethane (3 x 500 nL). The
conbi ned organic |layers were dried (MgSM), filtered
and concentrated under reduced pressure to produce t he

o, o



10.

11.

| -1 sopropyl - 2- oxo- 1, 2-di hydr oqui nol i ne- 3-car boxylic
acid {(IS, 3R 5i?)-8-[(2, 2-

walovetobexty) et hyl ] - 8- azabi cycl o[ 3. 2. 1] oct - 3- y| } p@T/AUS2006/007301

5.5 was suspended in 50 nL of 6M hydrochloric .
21316&0%%%%%% G Qi o SRS {5, gt 14 SRCAORper pistons are
m xture was cooled to Q0C, and diluted with
diybhdritabrret hane (100 nlL) prior to basification of the
aqueous | ayer by slow addition of 6M NaOH (80 nlL). It
was further mxed wwth 80 mL of dichl oronethane, and
transferred to a separatory funnel. The organic | ayer

VBl fobdrl achitbr oesihag 1Wwihdrdd e crodd sefioaneireddBGhe first upper
and evaporated to dryness to yield the title

[ I~afe ap:.al.d . :
R W 0 o3 o BRAT™ 48] Shoqndidet pision are
Prepar.ati on of

|SPE§8‘B}‘”{'}|¥;FHP§= oxo- |, 2- di hvdr oqurol i ne- 3- car boxyl i ¢

acid {(Iff, 3R 5i?V{8-r2-(Il,I-di oxotetrahvdro-U
6-tliiophen-3-ylam no)ethvn-8-azabi cvcl of 3. 2. noct -

3-yl) -am de |,|-di oxotetrahydro-| _

6Flehirotgtye racBrajdrant ndain i ¥,| whewsar dhe clissti decwatls thisdoand fourth
nyg; 2 mmol), N, N '-diisopropylethylamne (0.35 nl),
reksanhtiomlines Agwet sukytatiadiyeduivaleny hBZndigianzeteweol ) was

added to a vial containing 10 nL of dichl oronethane.

The m xture was stirred for 5 mnutes prior to the

addi tion of |-isopropyl-2-o0xo-1, 2-di hydroqui nol i ne- 3-

gﬁ{;)b@@t;{ %‘%f‘%%?%%@o%w@@ﬁ%ﬁ’?’l’ﬁgﬁ'abi cycl o[ 3. 2. 1] oct - 3
-yl }am de (0.427 . .The fjnal K m xture was .stjrred fo
) B S brsondianin Ruid SRpled 8 oS pagsiropdine; and
conpl ete based on HPLC and mass_spectronetric

dhal y sontightvaive( petam nsipdled Sh i cammamniqagion ke the paurce of
remai ni ng reduci ng agent. The m xture was diluted wth
100 niprefsudiativndiudrendheach praandizatiokéne.i n a f unnel
before collecting the organic |ayer. The organic | ayer
was washed with M NaOH (40 nlL) and brine (50 ni),
dried over MgSH, and evaporated to yield the title

[ j : j Thi . product
DR BER Ak RoRer ol ke iicfing 1M ot o 270,
. Synthesis of (I J-dioxo-tetrahvdro-U

6-t hi ophen-3-vD- (' 2-{ri5 .3-R 5.R)-3-ra -isopropyl -

2- 0x0-1 ~-di hvdr ogqui nol i ne- S- car bonyDam noj -

-5 5oty actHaf Qg somprisinighct - 8- vU et hyl ) - carbamic aci d

nmet hyl ester L N -diisopropylethylamne (0.07 n_L, 0.4
ol ) salowenbousitg empisafeoy ceatrel ¢tanoel, aimouotimssurfase pnd an outer
was added to a solution of DMF ( 1 nL) containing the
produoyalf the previous step,

| -i sopropyl - 2- oxo- 1, 2- di hydr oqui nol i ne- 3- car boxylic

agid {{1bwer ﬁi@ton@t’t@hed to, and extending above, the mounting surface;
{8-[2-(l,!1-di oxotetrahydro-I/-thio

( I/
rhen- 3- ] - 8- icycl 2.1l oct -3 -
Shi de pRLRBICCH R Mol b XA S o Bt Ve,
shaken at room tenperature for_30 m nutes, and
Zbnc ermpERg laeiedj dresag RAVCIIE YOS IPHIBE The
resi due was di ssol vedi n 50% aqueous acetic acid (1
niL), and purified by preparative HPLC, to yield the
title conpound, (mz): [MH] + calcd for C28H38NACG6S
559. 25; found, 559.2. Retention tine (anal. HPLC
10- 40% MeGY H2O over 6 mn) = 2.56 mn. Exanple 2 :
Synt hesi s of |-isopropyl -2-o0xo-1, 2-di hydroqui nol i ne- 3-
carboxylic acid
((18,3R,5R)-8-{2-[(1,1-diox?betrahydro-l
| 6-t hi ophen- 3-
yl ) met hanesul f onyl am no] et hyl } - 8- azabi cycl o[ 3. 2. 1] oct -
3-yl)aimde Followi ng the procedure described in
Exanple 1, step (J), the title conpound was prepared

.




12.

13.

14.

15.

compound (mz): [MtH + calcd for C29HA3N5O6S2 622. 27;
found, 622.2. Retention tine (anal. HPLC. 10-40%

WOR@NIPRAD over 6 nmin) = 2.35 mn. Exanple 10: BynUkm®e6/807301

g-;r lbolg@%o reglggistp% gt)t(a%hcled %o,dén'&y%{t%%hé‘ %leiogve, tﬁe upper housing at a
[(1S, 3R 5R)-8-(2-{2-[4-(tetrahydrofuran-2- ca}{? onylf) -

pi per fcation digmetricallyepnesite s losteR pisjorsesasdpi %EP g[St pressure
1] oct-3-ylJam de The title conpound was prepared using

t he neavinchndesecombteisurdoagitp betwgenjiseld padibic heyyeripiston;
Exanple 9, Step (b), 1-nethylsulfonyl pi perazine with

Bi Per aZirsr dressikizétic Fadhweemiing dnodety thenmitdramalhéo the side of the
(mz): [MtH + cal cd for C33HA7NSO6S 642. 32; found,

642. 2. ! L QBjakd b Cavils) saEYane G 4R be injected
over éovﬁ&ﬁ&&h%ﬁj@%é%é ﬁggreﬂgl e 11\:71.%3%% hesis of !

lac: 30?1%(8 F%ée': _ggs_t %)r(gs_s&fezc_agfty %qggﬁu{hgqjiﬂs{]ﬁfe?s'uﬁ%%&loﬁ%{é tc®cause the
, 51 ?)-8-{2-[2-(4-ethanesylfo b | perazin-1-yl)-

et handBPRSITHOP AYE Way 9@5{;‘}‘0’ gsft E)Wﬁ_qul%@},_ S-y~-ami de

The title conpound was_prepared using the nethod )

descr ialechridrprissaripationdingyexicagingdhiey sh theruderpvall to, thesidg of the
(b) 1-nmethyl sul fonyl pi perazine with

1- et hyéwed eyl pdjpesnazheaeccdndl plessurdvbdality,c alchdthabriluid can be
C30H45N CeS2 636.28; found, 636.2. Retention tine

(anal .iniEBk&intd MARLNELNbJire 6dvatyahrol gty setod Prbsdiirization line
Exanpl é] 12: Synt hesi s of

ot SO Rb PR s 5 disfonTh Bele ARk itk Bt 16werGREBRXY! ' ©

aci d

S, 3R 5R) - 8-[3-(4-acetyl pi perazine-|-sul fonyl ) propyl]-8

J- azab %9@?%?@?‘2@??’%@%-3%@@P?(?é‘ﬁuagerglqusﬁgtapar ation of
1-M Q chl oropropane- 1-sul fonvDpi perazin- 1-yl) )
& hanginenner, seal Hng degstasioipriallyyinside the fiest apd fecong Inyysy pistons;
and then 3-chl oropropyl -1sul fonyl chloride (53.1 nyg,

0.3 mumnl) were added to a 5 nL glass vial containing

i V-acetyl pi perazine (38 ng, 0.3 mmpl ) dissolved in

di chl ghomeirkedl@ing 1dcamidd radibllg otisRietthefirsthud sycendVisver pistons.
shaken at room tenperature for about 0.5 h, then
evaporated in vacuo, to yield the title internedi ate

as an oily residue which was used w thout further

ty.eatpent. h. t.hesj s .of . i T
TiRab R pator ShARTE! Grfteip ths frstmd secopd pressayigption tines have
acid {(1S3R 5R)-8- [3-(4-acetyl piperazine-
subsiamtiptly sauiyalent inferaal dianasiesor 3 . 2. 1] oct-3-yl | ani de
Sodi um i odide (14 ng), ,Lf'-diisopropylethylam ne
(0.05 nm., 0.3 mml), and
| -i sopropyl - 2- oxo- 1, 2- di hydr oqui nol i ne-3 -carboxylic
artedofaty Setud6d o EIR)imSHYE, athiersye the[bedrig ik|acthtusBbedringi de
(45.3 ng, 0.1 mmol) were added to the product of the
previous step dissolved in DV ( 1 nL). The m xture
was shaken at 850C for 24 h, thenconcentrated in

. . e , 0%
B3 00 B BESEINGR] £ Syiefih AeoNBon sy ¥pthdritaP
preparative HPLC to yield the title conmpound. (nfz):
[ MtH] + cal cd for C29H4 1NSOBS 572.28; found 572. 2.
Retention time (anal. HPLC: 10- 40% MeCNTH2O over 6
nfhgrotary aggatpy of clainhi fiarthes comprisipg'si s of
| -i sopropyl ~2- oxo- 1, 2-di hydroqui noli ne-3- carboxylic
aci d (4 dource of pressurization fluid coupled to each pressurization line; and
S, 31?,51?)-8-{3-[4-(tetrahydrofuraii-2-carbonyl) pi pera
ziiiel-
sul fonyl | propyl J- S-azabi cycl o-p. Z. | Joct - S-y*anm de The
title conpound was preparedlqsing the net hod descri bed
in Exanple 12 by replacing in Exanple 12, Step (a),
7V-acetyl pi perazine with
pi perazin-|-yl-(tetrahydrofuran- 2-yl)-nethanone.
(mz): [MtH + cal cd for C32HA5NS506S 628. 31; found,

PR ~ 2 a0 1 N1 I~ A~ A 7 R A ~R 1 1 N~




16.

17.

1- Pi perazin-I -yl ethanone (25.6 ng, 0.2 mol),
, 1V -diisopropyl -ethylamme (0.07 niL, 0.4 nmol), and

WG oWic/09641T | acet oxybor ohydride (29.7 ng, 0.14 npol/PSwee/a7301

dglegﬂf](? 83‘9]2?/%1[]&% )Sglqiil%z iei(itéllqu in, ﬂélid communication with the source of
R -3-[(l-isopro - 2-0X0-1, 2-

di hydPEEEHIHEH P’ﬁg @%’é@ﬁ@h@‘l"ﬁ%‘ﬁ#’*ﬁé‘]ﬂ]@%zabl cycl o[ 3.2.1]
oct-8-yl}ethyl)carbam c acid nethyl ester (52 ng, 0.1
mmol) in 2 nL of dichloronethane. The m xture was

shaken at roomtenperature for 2 h, then concentrated

imrdtﬁ?uemamkeérdbﬂgngn oi ly residue. The residue was

di ssol ved in 50% aqueous acetic acid (1 niL), purified
Pren étﬁ X8inSRbaprisMig %l @hfalldhgnddlid @ QIQIF%%M d an outer

? B o iing olpori-Red Sufial el ld g Found. . ane Ao

595 aFietentl on ti rre (anal HPLC. 10- 40% I\/ECI\V H 20

over %’Vm n) = 2.02 mn Exanpl e 25: Synthesis of (2-{(l

I - 2- 0X0 hydr oqui noI
Bcar @clﬂwgpl%rml ﬁtﬁ’ Yo, 2 P%fﬁlaqlhag ﬁgovz«a %e iRl @gyln}%ace
et hyl) 4-
fet ha@ég@tabfﬁﬂﬁngalpﬁémﬁ@wmdmgluew;d threughiiberwanteabghpnnel;
nmet hyl ester The title conpound was prepared using the
aet hodnapparhiohsidg iattadhed mpthe sRdft byovedht erenougingxanpl e
24, Step (d) 1-pi perazin-1-yl ethanone with

- et hyl giderp bfefh8d 1t6Sand Bk@hdink Metdw, +thealyfifdr helsing at a
C31H46N6O6S found 631.2. Retention tine

( anal loﬂgg&d@% ?@%Wﬁ)e R pPstd 88 astoadetind aMrlk pressure
%23.( BB ands %?51?<€%r5¥ S P58 Btee seseif RO b T vt

3 carbopyl ) am no

8z abi @y%quP@SSZmﬂ‘t&%’t lige grtpuding frrpughs thsaprter wall do st sige of the
ester The title conpound was prepared using the method
descr iliyeet pistolerdiapéng tel fitsy praspiracavity, isnclEdmiblual @4, be injected
Step (d), 1l-pirerazin-I|-ylethanone with piperazine-
1- car bes\the €iet ipgessuretdayitptirdeoH thezirst prividlizatéc Bk foofause the
C33H49N7(6S 624. 38; found, 624.3. Retention tine

| = 2.07
I(Eilgﬁp uppl? '-;ﬁ%tor?—ﬁ)t zﬁgﬁ %@%\H&B%@ﬂﬁf loneﬁrngcorr mn.

@s@gadrw %l'%x@‘e%@%% SO et i ot
I)amﬁ%‘% aza%ci Io{l r%{oct 8- I}ethyllzg &é%mdc
aci d ‘ﬁypls@gt jacepb the (5peo CRELY. piuchathaty thud can be

usi ng the nmethod described in Exarrpl e 24 by repl aci ng

in Exaipted into thersepondressurquayity shrongh thoyseeanisbprossyrization line
wi th thionorpholine- 1,1- dioxide. (mz): [MH] + cal cd

for Ciﬁd)bme\lﬂﬁﬁfﬁp&Qﬁstﬁﬁlo foua dwap G8mthe Revarpistom ti me

(anal. HPLC. 10-40% MeCNTH2O over 6 mn) = 2.16 mn.

Exanpl e 28: Synt hesis of

| -i sopropyl - 2- oxo- 1, 2- di hydr oqui nol i ne-3- carboxylic

B ogry cgreter . i (1f: grhersin e doer B gu appg plgpn are
Igygg{h IInethanesulfonylanlnoJethy -

= %clotS¢.lJoct-S—yl] am de The title conpound
was prepared using the nethod described in Exanple 24
substituting the appropriate reagents. In Exanple 24,
Step (b), nethyl chloroformate was replaced with

met hyl sul fonyl chloride. In Exanple 24, Step (d),

1- pi perazin- 1-ylethanone was replaced with

pi perazine-1 -carboxylic acid dinmethylam de to yield
the title compound, (nmfz): [MH] + cal cd for
C32H49N7OB6S 644. 35; found, 4.4. Retention tine
(anal. HPLC. 10-40% MeCN H2O over 6 min) = 2.77 mn.
Usi ng the met hods descri bed in Exanples 1-28, and
substituting the appropriate reagents, the follow ng
conpounds Ilsted in Tables 1 5 were prepared In al

o o o o a1




18.

19.

20.

be sel ectively achi eved and reci procated by operation
of flow control valves installed in fluid

W@ eonaiopddeat i on bet ween the reservoir of pressupCras2006:007301
fluid and the first, second, third, and fourth )
pFlss $ofATY, aetRaiAr (of raim [0 Wheiginy dhe LS aRisioRt andayPRey Riston are
set nunber of pistons, the longitudinal [ength of the
pattacherstodbe momntiegssurface py pinens stroke and the degrees
of rotationinvolved in traveling froma first position
to a second position. As the nunber of pistons
i ncreases, the magni tude of piston stroke decreases

fPhe ffcﬁ;@rysa%ﬂﬁtdi“oif VR4Ar 16, Htfeln Bt MBELsecAbndl RfcaPsfARE Mwer piston
i nvention. [0023] This enbodi ment further conprises a

RS AT pIRal | oo e woper housina

bearing, as shown in Figure 1. [0024] A second

enbodi nent of the present invention is the two piston
enbodi nment di sclosed in Figures 5-8. This enbodi nent

c bhgyiotayy actyatop aeelaiy LG fwghar gorwHsiNEsi ng a central
channel, a nmounting surface 47 and an outer wall 49.

[ ©025] a ouree efffpedimzationfflnid beplalopacispessarizativer line; and
pi ston 43 attached to, and extendi ng above, the

npunt i AGostdsll wlbe sybldng iREIRAI iebidf conimedic4RmPWwith @Re 8ource of
rotatable central shaft 50 extending upward through

the c : . ing 40 attached
to th:ﬁ%ﬁgkfgggggghFﬁgaggag?g ougfﬂgHEB. The | ower
housi ng 48 conprises an inner seal ring 41 |ocated
radially inside the first and second | ower pistons,
and an outer seal ring 42 located radially outside the
first and second | ower pistons. In a preferred

enbodi nent, the inner and outer seal rings have a
dovetail ed configuration to enable themto resi st
col l apsing into the piston bore from operationa
pressure. [0026] This enbodi nent further conprises an
upper piston 32 attached to, and extendi ng bel ow, the
upper housing at a location dianetrically opposite the
| ower piston so as to define a first pressure cavity
62 and a second pressure cavity 64 between itself and
the |l ower piston, as shown in Figure 6. [0027] This
enbodi ment further conprises a first pressurization
line 66 extending through the outer wall to the side
of the | ower piston adjacent the first pressure cavity
62, such that fluid can be injected into the first
pressure cavity 62 through the first
pressurizationline 66 to cause the upper piston to
nove away fromthe | ower piston, such that the vol une
of first pressure cavity 62 increases, as shown in
Figure 7. [0028] This enbodi nent further conprises a
second pressurization |ine 68 extending through the
outer wall to the side of the | ower piston adjacent
the second pressure cavity 64, such that fluid can be
injected into the second pressure cavity 64 through
the second pressurization line 68 to cause the upper
piston to nove away fromthe | ower piston, such that
the vol une of second pressure cavity 64 increases.

[ 0029] Persons of ordinary skill in the art wll
understand that a source of pressurization fluid, such
as hydraulic fluid, may be coupled to each
pressurization line in this two piston enbodi nent via
a control valve systemso that the pressurization and
venting operations described herein may be selectively
achi eved and reci procated bﬁ operation of flow contro
valves installed in fluid cdfmunication between the
reservoir of pressurization fluid and the first and
second pressurization lines, hi a preferred

enbodi nent, the first and second pressurization |ines
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