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PROCESS FOR PREPARI NG NTERMEDI ATES TO 5- HT4 RECEPTOR
AGONI ST COVPOUNDS BACKGROUND OF THE | NVENTI ON Fi el d of
woheo7imwant i on The invention is directed to PCT/US2007/003961
8- azabicycl o[ 3. 2. 1] octyl internedi ates useful for the
preparation of conmpounds that have denonstrated
activity as 5-HT4 receptor agonists. The invention is
al so directed to processes for the preparation of such
useful internediates. State of the Art Substantia
research effort has been devoted in recent years to
the identification of conpounds that exhibit agoni st
activity at 5-HT4 receptors. Such conpounds are
expected to be useful as therapeutic agents for the
treatment of disorders of reduced notility of the
gastrointestinal tract. Comonly-assigned US
2005/ 0197335 and US 2005/ 0228014, for exanpl e,

P#?(%k%%é“ R angﬁﬁﬁ& NG RN AL § 143 301 TY RECEPTOR

qui nol i none- car boAGONEST-COANROYNBP 3. 2. 1] oct ane
compounds, respectively, as 5-HT4 receptor agonists.
Efficient processes for the preparati on of conmpounds

i ncludi ng the 8-azabicyclo- [3.2.1 Joctane group would
be advant ageous for providi ng new gastrointestinal
notility agents. SUVWWARY OF THE | NVENTI ON The present

i nvention provides conmpounds containing the

8- azabi cycl o-[3.2. 1] - octane group which are useful
internmedi ates for the preparation of 5-HT4 receptor

agoni sts and pr §aRSREROONT B PHEPAITENIION such

useful internmedrates. Accordingly, the invention
Field Bf B¢l tﬁmcon'pound of formula (1): (1) wherein:

- The invention is directed to 8-azabicyclo[3.2.1]octyl intermediates useful for the
preparation of compounds that have demonstrated activity as 5-HT4 receptor agonists.
The invention is also directed to processes for the preparation of such useful

intermediates.

State of the Art

Substantial research effort has been devoted in recent years to the identification of
compounds that exhibit agonist activity at 5-HT, receptors. Such compounds are
expected to be useful as therapeutic agents for the treatment of disorders of reduced
motility of the gastrointestinal tract. Commonly-assigned US 2005/0197335 and
US 2005/0228014, for example, disclose novel indazole-carboxamide-8-azabicyclo-
[3.2.1]octane and quinolinone—carboxamide-8-azabicyclo[3.2.l]octane compounds,
respectively, as 5-HT, receptor agonists.

Efficient processes for the preparation of compounds including the 8-azabicyclo-
[3.2.1]octane group would be advantageous for providing new gastrointestinal motility

agents.
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Rl is selected from hydrogen, -OH and -OP 1 wherein Pl

is a hydroxy-protecting group ; R2 is =0 or -NRaRb,
woher/@om7Ra and Rb are independently hydrogen ®CcTRR2007/003961

wherein P2 is an am no-protecting group; Ais selected

from-0OC(O-, -S(O2-, and a coval ent bond; Wis

selected from-NR 3)C(OR4, -N(R5)S(O 2R6 and a

noi ety of formula (a): -N Z , (a) wherein Z is

sel ected from NC(O R4 NS(O)2 S(O 2, NH, and NPZ2;

R3 R4 Rs, SDMRBABNGOFWE 310@ 3al kyl ; and n

salt .t hereof )
ot el i B U s dastan 0.
octaneiGiPRhichand uEHprﬁﬁe%ﬁx‘édifa&rs fbhkhe@ltqplmtam afib Hﬁe ir %Q?Ptorl n
ddltlon thelnventlon qund of formla
agonists| any: qrp@swfoat}mrppa}rﬁtéq suc Haet%‘}, 1618%%5 éa eSor the
é@%ﬂﬁ?’%}f éﬁ%&&in roREEAS heanpsﬁgab%rawm THE

e f ol Iovm ng substltuents and val ues are

are intended to furt fi neRsuch aspects and are
not intended to excl ygde other values or Iimt the
scope of the invention. In a ﬁfedfi c aspect of the
invention, Rl is selected fro¥fd hydrogen, -OH, and
Wherelq:)l wherein PL is a hydr oxy- prot ecti ng group.

i ntended to provide repr esen}z%/lg\q; xagpl es of various
aspects of this |nveﬁ he ePresent ative val ues

R! is selected from hydrogen, -OH and —OP", wherein P! is a hydroxy-protecting
group ;

R? is =O or -NR°R", wherein R* and R® are independently hydrogen or P?, wherein
P2 is an amino-protecting group;

A is selected from —OC(O)-, -S(0)z-, and a covalent bond;

W is selected from —N(R?)C(O)R?, -N(R®)S(O);R®, and a moiety of formula (2):

~—N Z
N/

(@
wherein Z is selected from NC(O)R4, NS(O)2R6, S(0);, NH, and NP
R, RY, R3, and RS are independently C;.alkyl; and
nisQorl;
or a salt thereof.

The invention further provides a compound of formula (Ia):

NH,
(I2)

or a salt thereof, and processes for the preparation thereof.

In addition, the invention provides a compound of formula (Ib):
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In other specific aspects, RL is hydrogen; or Rl is
-OHor -OP1l. In a specific aspect of the invention, R2
wO0200709m76 - NRaRb, wherein Ra and Rb are i ndeperdemiskoo7/003961

hydrogen or an am no-protecting group P2. In another
specific aspect, R2 is =0 In another specific aspect,
R2 is -NH 2. In yet other specific aspects, R2 is-NHRb
wherein Rbo is benzyl; or R2 i s-NRaRb wherein Ra and Rb
are both benzyl. In a specific aspect, Ais selected

from-0C(O-, -S(O -, and a cpyal ent bond. In another
speci fic aspect, Aisawﬁaﬁf@‘é\?pﬁw In a specific
aspect, Wis sel ect/le rom -RNiR 3) C(O R4,

-N(R5) S(O) 2R6, a a ilety of fornmula (a): -N z (a)
In anot her specific aspect, Wis -N(R 3)C(O R4 or

- N(R5) S( O) 2R, vvherei n R3(II§§4 R5, and R6 are

i ndependently G - et anofher specific

or a sajidperept, aWiPEPCGW %5 @}?ﬁ’fa& on PR S(0) 2R6, wher ei n
R3, R4, R5, and R6 are nethyl.61 In a further specific

et A cRe B SRR gN S

WE’ elpovﬁﬁ @Hgst%erﬁg &nd DAREEHE SftbhidedCh pBavilly l‘eprés&ngaat/e

ect Wis a noiety of fornmula (a) wherein ddt
exampl8s sﬁlmmtusdslfacmﬂﬁ(scn)lmﬁoﬂs(rd))em?ﬁéﬁ@a@?@y%‘“ewgF%tFﬂ edto

ﬁ.lrtheﬁéfztgxfeysugg agé%ﬁ%mt % :not Tt \[l%]ﬁéedr&g? E@ %xclﬁgﬁ’@%gl; vé’fgé2§ot<g!:m1£ tllmesscope
of thelfiventiona specific as pect , nis O

In a specific aspect of the invention, R! is selected from hydrogen, —OH, and -oP',
wherein P! is a hydroxy-protecting group.

In other specific aspects, R'is hydrogen; or R! is ~OH or —OP'.

In a specific aspect of the invention, R is =0 or -NR°R®, wherein R® and R” are
independently hydrogen or an amino-protecting group P

In another specific aspect, R?is =0.

In another specific aspect, R? is -NH;.

In yet other specific aspects, R? is -NHR® wherein R" is benzyl; or R?is -NR°R"
wherein R® and R® are both benzyl.

In a specific aspect, A is selected from —0OC(0)-, -S(0),-, and a covalent bond.

In another specific aspect, A is a covalent bond.

In a specific aspect, W is selected from —NER>)C(O)R?, -NR>)S(0);R°, and a

moiety of formula (a):

@
In another specific aspect, W is —N(RZ’)C(O)R4 or -N(R’® )S(O)2R6, wherein R3, RY,
R®, and RS are independently C.zalkyl.
In yet another specific aspect, W is NER)C(O)R? or -NR®)S(0):R®, wherein R?,
R* R’, and R® are methyl.
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I n anot her specific aspect, nis 1. In one aspect of

the invention, nis QGand Rl is hydrogen. In another
wazpEab7ot the invention nis 1 and RL is - OH eCTASE01/003961
Definitions When describing the conmpounds and net hods

of the invention, the followi ng terns have the

foll ow ng nmeani ngs, unless otherw se indicated. The

term "al kyl" means a nonoval ent saturated hydrocarbon
group which may be linear or branched, for exanple
rfﬁtarm{rthexeip%’l&'w BpEUtOWyis a(meity) of fanuulas(ebwbemn Fhs migeted

from I\Tg;h(zutg ,;I{}% W ﬂosr(gﬁz, g\ﬁ—gvaéﬁ%d% wﬂf%cérgl%? Z ?lgga(% | onééx{&nﬂy

Cal am no nitrogen. Representative am no- prot ecting
) roups include, but are_ not I|m
gquwqu syotheraspsetn¥l & aa‘lnrébﬁ%z OQ?‘BQ pr?) Wgﬁw ga¥ E%‘S‘?f%f from
U 5R t &6 10Xycar bony
NC(O‘(EEBog@(‘SE‘% M%@%ar%gﬁlyl gr oups, "such as

bﬁ{\ﬂlydhep(a/spattb OWyis a(rEbiz)y effferoulal (abmdwwing s 3% eaNEong Z s
(Froc); aryl nmethyl groups, such as benzyl (Bn), trityl
NH. (Tr), diphenylnmethyl, and 1,1-di-
(ﬂ1a é@?@&nylﬁﬂ’et hyl; silyl groups, such as
trlrrethyls TVS and tert-butyl di nmethyl silyl
(Ii'smegt)\ersaﬁ@ PﬁépqcF R’e‘s Hhe term " hydr oxy- prot ecti ng
BIRhESH, IS (AU iS biytalges. for
preven ng un esired reactions at @ h OXY..Qf oup.
Réwp amsthert anpear of Hyinygytign- gtigd epd & g?'ég‘fs"’i et ude, but
are not limted to, al kyl groups, ‘such as nethyl,
ethyl, and tert-butyl; acyl groups, for exanple
Definaldagnoyl groups such as acetyl; aryl met hyl groups,

o Wher e PAehs Fopphyrds Rl 1RKAR G rﬁ%ﬁélm, the following

terms(ﬂfége %ﬁyﬁl)!lﬁ{vm%lﬁ 1ings, |uy1llesl bthd:mme $1ut1tat
trinmeth T

M5) and er t - but
( TB@)terr&ﬁ@lkY énq:a,n,gél MPAROYALGI ST : %11 g hich may be
lmeaxg 11 éhﬁéﬁear fo? Ei?&rh]'sﬂnﬁ{ et/ Qi1 ﬂ%rdﬁl tn—?b‘), Stﬂdl I@bi'd;)yl (z-Pr)

1 ons tection and deprot ecti on, f
K rifiventetm “mlnmoapxtoteOﬁ@g gesumFneans A pratestias g’?"é‘PéBftF or

preveglggu psﬂ%sdreaﬁe ?’Ws LG QNG R0AH R &z 88 Biltive @fifino-protecting

groups include, but are not limited to, formyl; acyl groups, for example alkanoyl groups,

such as acetyl; alkoxycarbonyl groups, such as fert-butoxycarbonyl (Boc); arylmethoxy-
carbonyl groups, such as benzyloxycarbonyl (Cbz) and 9-fluorenylmethoxycarbonyl
(Fmoc); arylmethyl groups, such as benzyl (Bn), trityl (Tr), diphenylmethyl, and 1,1-di-
(4’-methoxyphenyl)methyl; silyl groups, such as trimethylsilyl (TMS) and terz-butyl-
dimethylsilyl (TBDMS); and the like.

The term “hydroxy-protecting group” means a protecting group suitable for
preventing undesired reactions at a hydroxy group. Representative hydroxy-protecting
groups include, but are not Jimited to, alkyl groups, such as methyl, ethyl, and tert-butyl;
acyl groups, for example alkanoyl groups, such as acetyl; arylmethyl groups, such as
benzyl (Bn), p-methoxybenzyl (PMB), 9-fluorenylmethyl (Fm), and diphenylmethyl
(benzhydryl, DPM); silyl groups, such as trimethylsilyl (TMS) and zer¢-butyldimethylsilyl
(TBS); and the like.
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G eene and GM Wits, Protecting Goups in Organic
Synthesis, Third Edition, WIley, New York, 1999, and
woebm@remoes cited therein. The chem cal nam ngPCT/US2007/003961
conventions used herein are illustrated for the
conmpound of Exanple 1: which is designated
[-{4-12-((li?,3i7?,55)-3-am no-8-azabicyclo[3.2.1]oct-8
- yl)ethyl]riperazin- 1-yl}ethanone using the
commerci al | y-avai | abl e Aut oNom software (MDL i
I TR fipReteSitit @0Bps Brhipartineardnetionatarovangs welf pesuitable
desi gnation (\S, 3R 5R) .describ t he . RY
conditions EmPieaHoB RN drBbRIC deBe PR i B bk e %xy?gml%: N
' i GRBIR iitebduetioh bad pahowad) are destoibed im¥. W.
numer{;‘l:‘g{&%f’%?‘%g%or@ig%gm no- 8- azahj cyc| %[ys. 2..1] ctd- did e
Greengand FeMyWhisi Beategting Grapups é¢ (XBEHE SYAG ’S’tﬁgr LEMsnn daley:
f.t j j pEATYCT 2 is -NRaRb are in the endo
Newygogﬁfl{%bl?rg%{ﬂ?f)gﬁ%&g@éﬁt%t\é\?:ﬂg&%%cedu.r es | n one nethod of ¢
SYhé bieshieal mnting pemamitings nfed ksrein|age (Liugirated 497 thg compound o
prepared by reductive am nation of a tropanone of
Examplgliyia (1b): (1b) where the variables R, AW and n
are as defined above. Typi cal@g}\%und (1b) is
e

reacted wth a | arge exq@:.sf_ et about 15 and
about 25 equi val ep.ﬁ amoni um folQmate in an inert
di l uent, such as nethanol orethanol. A small anount of
wat er about 0.1 t&2¥bout 0.2 volume equivalents with
whic ri%%g?e]lé}latgc?1p@gﬂ%?@Pk,SR[SﬁIﬁﬁﬁﬁ{o-SJﬁaﬂih’ﬂlé{é|.2!.l/Jobﬂ&l uded

I'nert ent. The reaction, which is conducted

yl)ethiNpiperzii-styutimnone asing dmstamoerailiyavailablg AupNom software

typi cal | al | adi r di r e . QBR,5R
oo Rl NG TR G, THe R B (18R 510
descn%% heltefive bﬁéﬁf@ﬁ@@ﬁf fhieiohnyls askppiateall \thh thechigyedicgingfsystem.

endo to_exo confjguration o product (}a) - )
The cqmpaued ia Aismagnebiceogtet Pt kPR arine S palfyors 2 ot
8—yl)eglgﬁg§éﬁ%r§9in— [yB fhEHRERS. A1 6E tiRedoMgssndb oftheifvanidnahb edtich R” 1s

or about 12 to about 72 hours or until the
—NR*REacd inghe egdo configuration.

Synthetic Procedures

In one method of synthesis, a tropanamine of formula (Ia)

(I2)

(Ib)
where the variables R!, A, W, and n are as defined above.
Typically compound (Ib) is reacted with a large excess, between about 15 and

about 25 equivalents, of ammonium formate in an inert diluent, such as methanol or

5
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substantially conplete. The product can be purified by
conventional extraction procedures. Alternatively,

wonoganatsne (la) can be prepared from tropanoreT(Uuisk)o7/003961
according to the two step process illustrated in
Schenme A Scheme A where Q represent hydrogen or an
am no-protecting group P2. According to the process of
Schenme A, tropanone (Ib) is first contacted with
bet ween about 1 and about 1.5 equivalents of a

ethanoR' AlsARl 18 At OE whitdP?2 Qx(ut)O 1 to atiput Preedpme egpivplonipawith
about 1 and aboug u1 V. t.
respectdaanetbangpl oy ealaga]uﬂ ?“(%Ia tl‘l?é in@rt éﬁﬂgﬁtl MgheA85dHHon,

ace I C acCl to provi de

which Ishﬁmﬁﬁ&%& Gt et ﬁré&ﬂ@dﬂ@ﬂ& ﬁEns(iﬂl@) mefd ea@alyst dyically pplledinm or
I's advantageously sel ecte

pallacicirphusing e OmRIboBS B Gep B BEE B D e o AR gafation with

o't en@B Go ek beriTiduimidiydfant peduct (1a)
high Stﬁe%ég%’?iga h ﬂJ %‘%/g%ﬁcal Ie{/l used as the inert dil
is greafeptharhatout eadt Tho readtionrinBriAlygondaried a %@fﬂméat%‘ieﬁ’é‘%ee“

about }:(gﬁ%es dl3§%bhaf%f éet 13980 aeag 70864 8 uﬁtﬁ the/ Ria6@éd

ratur et ween a out 10 and about
substad@allCcdraplefth Ortie pkddiiod cabbeipurified bycenpmtignal extrapiion

reaction is substantially conplete. Typical reducing
procedagesat s i ncl ude sodi um tri acet oxyborohydride, sodium

PRIARYALHC ropitniAs (1M BpUreh b dopABAD {I) aceording to
secon step, protected tropanamne (lc) is
thetwdelpﬂpqtree‘t$dll\ﬂgﬂa&§‘ﬂ0§? he®A& procedures. For exanpl e,

when P2 is benzyl or diphenylnethyl, the protecting

group(s) can be renoved by reduction using, for

exanpl e, hydrogen or aSchemesn formate and a group VIH

net al catalyst such as pal | adi um on carbon, nqto

prow . The tropanone int/er]ﬁéd.i,\a{% (1Db)

ag°eous| ygﬁ I@Eared fromr y awai |l abl e
/ S rt| mat eri al syaccordi ng t @2fhe pdocess of Schene
B Where the bicyclic ring fornatk?n and an1ne coupl i ng
are @esconplished in the sane reaction whem B

N/\(H\A/W
R

NH, (Ia)

where Q represent hydrogen or an amino-protecting group P2
According to the process of Scheme A, tropanone (Ib) is first contacted with

between about 1 and about 1.5 equivalents of a protected amine NHP?Q (1) in the
presence of between about 1 and about 1.5 equivalents of a reducing agent and about 0.5
equivalents of acetic acid to provide the protected tropanamine (Ic). The protecting group
P? is advantageously selected as benzyl or diphenylmethyl. Useful protected amines 1)
include benzylamine, dibenzylamine, and diphenylmethylamine. Dichloromethane is
typically used as the inert diluent for this reaction. Alternative diluents include ethers
such as dimethoxyethane. The reaction is typically conducted at a temperature between
about 10 and about 30 °C for about 12 to about 72 hours or until the reaction is
substantially complete. Typical reducing agents include sodium triacetoxyborohydride,

sodium borohydride, and sodium cyanoborohydride.

6
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(2) OOO(Ib) (4) As shown in Schene B,

2, 5-di net hoxyt etrahydrofuran (2), which has been
woydrrabywed t o succi nal dehyde (3) in an aqueouBCaiSei0c/003961

environment is contacted with between about 1 and

about 1.5 equivalents of the amne (IT) and a slight

excess, for exanple, about 1.1 equival ents of

3- oxopent anedi oi ¢ acid (4), commonly

| - acet onedi carboxylic acid. The reaction is conducted

iTh atsB&omdr Heepiecisd teommsmined @c) ie gpstectesblpyrasyyentional

about 3 and about 6, equi val ent u LG A0
proceduxesh F.ggemlg,rﬁvg%fais ea?ﬁ§6§f®_r%nﬁ{/"é%6 éﬁlﬁeﬁ{g{égwg% %{3‘1}9(8)
can be fr%nfi‘?éﬂﬂeﬁuét?& Rh@ffot Hemimeadiydesgenior taurrotjemornate and a
about 4 "and about 6. The reaction mxture is tonPx'%gﬁbly
- about” 1

group WEAtrethlcotalist.\queh agg@)l@ﬂd.i% ogﬁar%m p%)d.l o] |
gﬁgequr’ ?(;éria:nf’a? F};#&rggeﬁﬂg{ate (3 id adviRtabEARYY %&gh&d from readily available

ete. The product % IS ex,tractted "
startin@Ynat@mleaicondiag tptheqeoease of Schemppl mdiere ther Ripyrlic £mg {gjmation
In which Wis a iety.of f {A)tedN Z (a) wherein
and amying §°‘Né{r{§)3§238?°‘{@(%fx I‘—’%&lg 5%%# %%rh%gtsitevpgll y be prepared
from conpounds of formula (Ib) in which Wis a noiety
of forrmula (a) wherein é i S g i .e. conpounds wherein
Wis piperazinyl, by re W th conventi onal
reagents under standardconditions. Fqn exanple, when Z

is NC(OCH, acetic anhydry de gy sed as the n
reagent for the a%);n@ eacti onR'Wien Z is NS( AW
.. met hanesul fony]l chliofi del may be (Bed to pr%a Rl
/o\(f%vgﬁmnd_n_f_i_aL | a ((|35’) ftoma conpound of oforml a
) in which Wis pipéerazinyl. The am nes of fornula
are either conmgerg aldy available or can be (Ib)
prepared fromco | yl avhi | able starting materials by

procedures knowt®o &?se SRi1l1ed in the art. Further
details regardi ng spe€Vfic reaction conditions and
ot her procedures for preparing a conmpound of formula

( IRS &roanrlltrxeé’cﬁgr(ﬂe%,%S,S-tdnﬁétﬁ&)?yt@t'i&ﬂm&mﬁ which R8s been
hydrolyzed to succinaldehyde (3) in an aqueous acidic environment is contacted with
between about 1 and about 1.5 equivalents of the amine (II) and a slight excess, for
example, about 1.1 equivalents of 3-oxopentanedioic acid (4), commonly
1,3-acetonedicarboxylic acid. The reaction is conducted in the presence of an excess, for
example between about 3 and about 6 equivalents, of a buffering agent such as sodium
acetate or sodium hydrogen phosphate, to maintain the pH of the reaction mixture
between about 4 and about 6. The reaction mixture is typically heated to between about
40 and about 50 °C for about 1 to about 4 hours or until the reaction is substantially
complete. The product (Ib) is extracted by conventional procedures.

Compounds of formula (Ib) in which W is a moiety of formula (a)

—N Z
—

G
wherein Z is NC(O)R* or NS(O)zR® can alternatively be prepared from compounds of
formula (Ib) in which W is a moiety of formula (a) wherein Z is NH, i.e. compounds

wherein W is piperazinyl, by reactions with conventional reagents under standard

7
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exanpl es bel ow. Accordingly, in a nethod aspect, the
i nvention provides a process for preparing a conpound
wohod7awmaba (1a) or a salt thereof, the procesBCT/US2007/003961
conprising: (a) reacting a conpound of formula (1b)
with at |east 15 equival ents of amonium formate in
the presence of a transition netal catalyst; or (b)
reacting a conpound of formula (Ib) with a protected
am ne of formula NHP2Q in the presence of a reducing
conditRESNFor é}fﬂrﬁrﬂwéayz e NE(ONGH: rectie antoiiridagnatksped as the
roups; to,.provigde 0 u r ;
seagend Jonthe hoXBBIE FPTHog QREGRE HaLHo ST Bl fu{cp ol loride may
be use?[}ﬁ}ﬂ‘ Gre Fcdth Soff Bf MW [fidig azompopod of f@tﬂmfwhlch
r a salt thereof, the process conprising: (a)
W is pigatamhylzi ng 2, 5- di net hoxyt et rahydrofuran i n an aqueous

?g&g :%%%%% s ﬁ%f B difacddnideichaiyvadusit oetasbeprepared

a compou of formula ( and . .
from chnaxoig T ailie sﬁaxtirwhateﬁnlsmyaﬂr@?eggﬂé%é@%‘fn tg thogerskiliedgn the
agent: t royide a. - Pothb QEdreSRak t
art. FP’%B re‘l?Fa.ﬂ%f ‘&ﬁﬁgﬁ%‘gg 'I%#H? ﬂgg{lc}}l&gfﬁ%n argﬁr&s ef ul
prepalifif & com@baidst foamuta@) riapmnadiates thére®- 4 Jeycsibep inthe
agoni sts. For exanple, conpounds of forrmula (la) can
examples balg¥t ed with | -i sopropyl -1 Hindazol e- 3- carboxylic

ag & offndly A iadBethBd AgHdce tRa MK fiovidddh precep farpreparing a-
agoni st conpounds, for exanple the conpounds descri bed
comppundJ§f f2008laq10 rg 35altitkeroph H1e088Ys FOBPIEMEer nedi at es

t eto, ogm%;c [ BIMith 8CRR4tAS ea@balehtssof
a:@r exprg%ctq;lglg%t 0 be uﬁ@eﬁ?ﬁé‘g?ﬁ reati ng medi cegll
amm@eingi fotas imte mresicd pf 6 tfsition aptdcatalyst@soci at ed
W th 5-HT receptor actid 116y [ rmula
wibbh rec g Sy B ¢yotla (8w T epSico@ adine or
NHP¥ G e ibe PreseBQb 4 redboinlg aget] frdlovwedrigi remonéng the Prrjesing group or
are not limted to, irritable bowel syndrome (IBS),
groupshir oni ¢ consti pation, functional dyspepsia, del ayed

5(3@?&ﬁd@%B%b@%&@?fdﬂﬁ@gﬁm%alﬂtﬁéﬂeux di sease

gastroparesi s, diabetic and idiopat

In a second method aspect, the invention provides a processt}loxg preparing a
compound of formula (Ib) or a salt thereof, the process comprising:

(a) hydrolyzing 2.5-dimethoxytetrahydrofuran in an aqueous acidic medium; and

(b) reacting the product of step (a) with a compound of formula (ID) and
3-oxopentanedioic acid in the presence of a buffering agent;

to provide a compound of formula (Tb) or a salt thereof.

The compounds of the invention are useful intermediates for the preparation of
5-HT, receptor agonists. For example, compounds of formula (Ia) can be reacted with
1-isopropyl-1H-indazole-3-carboxylic acid to provide indazole-carboxamide 5-HT4
receptor agonist compounds, for example the compounds described in US 2005/0197335,
US 2006/0183901 or intermediates thereto. .

Compounds which are 5-HTj receptor agonists are expected to be useful for
treating medical conditions mediated by 5-HT, receptors or associated with 5-HT4
receptor activity, i.e. medical conditions which are ameliorated by treatment with a 5-HT4
receptor agonist. Such medical conditions include, but are not limited to, irritable bowel

syndrome (IBS), chronic constipation, functional dyspepsia, delayed gastric emptying,
8
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gastropat hy, post-operative ileus, intestina
pseudo- obstruction, and drug-i nduced del ayed transit.
woOno@addid7s on, it has been suggested that sonme BeHUS2007/003961

recept or agoni st conmpounds may be used in the

treatnment of central nervous system di sorders

i ncl udi ng cognitive disorders, behavioral disorders,

nood di sorders, and disorders of control of autonomc

function. In particular, such conpounds are_expected
gastroés@phig’eﬁﬁ:ﬂ&ﬁ didehdd @Em),tgagﬁmw% idh%b@§|§ ppd idippgthic

tract and thus .are expected t §o '
sastropA et et i ot gttt Ao sl Ricedactayed
transit! Mo YBARBA St had eeH Qi ggestudmatssonTnBEET,Gecapidri dgonigt compounds

di sorders include way of iIIushraRion. f £oni c itive
may be ossst inghe frertmeabelseenial PENORT SEETR AERTeTS PrUSRIE IR 0e]
disordééé‘ﬁéh%%?orél%iécﬁ@%rs, d\ﬂ#)@@ Qi dofd 28 dinb &i RP@r bE control of autonomic

roparesis, an unctional” dyspepsi a. EXAMPLES The
functié®l | om ng synthetic exanples are offered to illustrate

the inventio and are not t : Jth ofthe Way
aln PATHEE 5“&5111%“%%%‘5’3 > ﬁe% ggfe?\?%?}lﬁ?%r?? %girtg\? i ations
gastrofMibstHRl (GB trabelnavhiaxe eixpedted gebensefilfoptreatpigedisorders of the

meani ngs. Reagents.and sol vepts .€ r ¥
Ol tragoampeR L Rreas P UH G To AVGPTEl: el e PURGRE kst iRttt
disord¥LadARY, BY LBPUE ilfulh RS, oREié baxatipetion, Reastipatios-prwsiogninant
run under nlné%gen at nosphere, .unl ess not ed Othe%%%%%bnﬂ
irritabife bgwekssyndfornteele B D dinbstic ppd 14ipRaWG AT ERAESY) 2RI
g I a%er chromat ography (TLC), anal ytical high
ysPeB% formance |iquid chromatography (anal. HPLC), liquid
chr omat ogr aphy mass spectroscopy (LCVMS), and gas
i quid chromat ography (]ég)ﬂ\di’ﬂisdet ails of which are
gi ven bel ow and separ at I'nspecific exanpl es of
I eptd follBWindRBaictio Bx Mnjsles aesoffercd tovihustatehe sryention, and are
descri bed specifically.in each re i on:

not tores eonstimed FrUEDY AR rBIESRe ATRPCSARS TSP PR PoiéyfaiEe not
deﬁngﬂagl%qﬁklla%g‘fﬁ\:if‘%eﬂeﬂfgﬁéfc@&ﬁ{égmeaﬁﬁfés.s0| vent - dependent
crystallization, an

of Reazaotsiood sphvomlaotege RA R R9RBIog mEBTF LR RRE Ry Fluke
Si gmg,ngtc.%,%nu'\a:\s)ed 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 chromato graphy (anal.
HPLC), liquid chromatography mass spectroscopy (L.CMS), and gas liquid
chromatography (GC), the details of which are given below and separately in specific
examples of reactions. Reaction mixtures were worked up as described specifically in
each reaction; commonly they were purified by extraction and other purification methods
such as temperature-, and solvent-dependent crystallization, and precipitation. -
Characterization of reaction products was routinely carried out by mass and 'H-NMR
spectrometry. For NMR measurement, samples were dissolved in deuterated solvent
(D>0, CDCls, or DMSO-ds), and "H-NMR spectra were acquired with a Varian Gemini

2000 instrument (300 MHz) under standard observation conditions.
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spectronetry. For NMR nmeasurenent, sanples were
di ssol ved in deuterated solvent (D20, CDCl 3, or
wOoRBmwfey, and 1H NVR spectra were acquired wetCi/ua2007/003961

Varian Gem ni 2000 instrument (300 MHz) under standard

observation conditions. General protocol for analytical

HPLC Crude conpounds were di ssolved in 50% MeCNZH20

(with 0.1% TFA) at 0.5-1.0 ng/nL concentration, and

anal yzed using the follow ng conditions: Colum:
GeneraZQf&@%olBBﬂm&i\RRaIHPDOm of particle size, 4.6 x 150

Fl ow rat e: 0, by . 5.1,
@;}pde SAEPS sr\Mﬂ:e dé%n'ﬁzﬁfl ?6/% ms S%Wq{'{?éﬁ&) at 0.5-1.0
mg/ml) c%gﬂe%ﬁét?%r?%ﬁ% Mﬂidlyibt@r@ﬁggﬁthb-fwk)\ehigwto}ld&ons ;
zabi cy ct an- 3-one_Concentr.a r
aColnEE0 i) ms]ZadwéoB?rBlSaREgOQt%ﬁfB e5§5¥7o‘i %g,lﬂ,hg%gm)
tEbwatayedr of ur an 249@LmiR., 3,78 rnol) in water (1200

rib}tectbl evavelenfthi @4,)@4!,%!1859@!11 on was stirred at
about 70-720C for about 2 h.

| - (2- Am noet hyl ) pi perazine (546.4 nm_, 4.16 nmol, 1.1
equiv.) was added to a solution of sodium acet ate

(f22mple 9 s%&seeis\tﬂmmsm[aa(:(-aaaplpmgraain-nmemyu -8-
By 63t fa¥emos-bher i ¢ acid (350 m.) was added

o b A1) SRR 5 A 8BS s

tetrah)?cﬁ'b ? 9082 a1, 4: 7%%611? i) W amteﬂﬂ,) AMde tdsalting) yellpwrsolution
erature again cooled to 15C The aqueous yel | ow
was smédmuadmutﬂ%ﬁar(”eﬁ)rabwfez has added slow 'y over about 10

ghg&tﬂ%ﬁ%%ojp%%%hg A6 1@ W4T, @ MEfuie) vk eddedito a

out mn until carbon di oxi g %
soluti€y of sﬁdlﬁm wbategd22The) KilSSOlYleé ipaetes(3700mLast Wola5 oC

f th
ol 1A A G g
e@&ﬁf@&@oﬁ%ﬁf’@ MARe b@dln@th@Sﬂ%turecum 54C) 3-naspeantiaiedioipacid
t h | 25,
(60783, 426 malxupE A Botnd e CRITIPIE BB Fedn sodfid 1 8/%; The
aqueoug %eﬁl)%tsﬂﬁﬁlo%‘?ep%}éd' JiR o e sCRIABY SloRvif bS&aibalit Dhmin, and the

resulting yellow mixture was stirred at about 20°C for about 30 min until carbon dioxide

evolution slowed. The mixture was stirred at 40-45°C for 2 h and the color of the reaction
mixture turned dark brown.

The mixture was cooled to about 15°C. Aqueous sodium hydroxide (50%, ~470
mL) was added in portions, keeping the temperature below 25°, until pH 13 was reached.
Sodium chloride (600 g) was added and the mixture was stirred to complete dissolution.
The product was extracted with dichloromethane (DCM) (1 x 2000 mL, 2 x 1500 mL).
The combined organic phases were dried, filtered and the solution concentrated to 2500
mL.

The concentrated solution was cooled to 15°C and acetic anhydride (500 ml) was
added slowly, keeping the temperature below 25°C. The solution was stirred for 30 min
and water (1500 mL) was added at 15°C. The mixture was stirred for 10 min, then
acidified to pH 1 using 1M hydrochloric acid.

The DCM and aqueous phases were separated. Gas chromatography analysis

revealed that there was no remaining product in the DCM phase. The aqueous phase was
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The product was extracted w th dichl oronet hane (DCM

(1 x 2000 nm., 2 x 1500 nmL). The conbi ned organic
wohewas7ater e dried, filtered and the sol uti on PCT/US2007/003961

concentrated to 2500 nL. The concentrated sol uti on was

cool ed to 150C and acetic anhydride (500 nL) was added

slowy, keeping the tenperature bel ow 250C. The

solution was stirred for 30 min and water (1500 i)

was added at 15C. The m xture was stirred for 10 m.n

basefidd 8 PHREC4 BY tthe @oﬂmmemdmmgof aquq:yuis pletsk spdigmeaydgoxid €50%

in watggg/ll@g?gggaq RN u S o a% 1§¥e\:/err&? et tt%ﬁ ?elﬂ?:zr%(;cv\gshe I}j)roduct was
extracted q@as D esﬁ quS@)b i), Eﬁ@ﬂ@@ﬂllﬁhﬂd erga'ﬁIiIEplaasem@aﬂc plosay) were

pH 14 by th t dd of
combinglyiind, Plersd sy mlmm%w%ﬁlreéégc@o%cﬁmﬁ&%tﬁﬁe spipiund o5 @
05 ODZIHBO0
w5 FEL0A B 1L S s ek
MHz)'B*@bn@oi 650l 2ED) . @@(Tﬁlﬁh Ast(c{ 20 R. B B4R madPH), 223-2.02 (m,
conpi ne rie
), 20\ 3704 113 (5 Bt 2 HER, (BT EmIBh 8 Bpnf 280 81, LeRoo.

a VISCOUS
46t 19, & 37.80y2n28.0gr aphy) .
o e e g S
348(t 2H) 278247(m 10H), 2.23-2.02 (m
4 ftﬁ% !ﬁ g&ﬂx 553.9- MR d-§aehBicydblg:. 1 loct-

3, 53.83, 53.22,
@ eth!‘ Bipsric) , 27.80, 21.28. Exanple

2
SXDR BS)isé[?.C(ﬂ Aee{tﬂp{;ﬁre(z(ﬂ-l@l);thyl] -8-azabicyclo[3.2.1]octan-3-one,

(31.0 g, 9|1)1 Lpf’%)f‘]rﬂﬁ?p%é?dﬁ esFr%lyﬁé} &?Cévas dissolved in isopropyl
alcoh&f 0160 i)y A rbem(témpeature. pThe Bc&intmn Iway hpated jd bt §9 &‘bplag,

2. 1] oct an- 3 one

1 S-n@;gut]@;égqupsb@‘@n;cna hé&rite q(i%tsglvcﬁgigg 67?%%‘33)1 ald3hé ) was

I'n 1sop
addecﬁél&?gg&{égllggw%)snﬁﬁ ORffbit &mﬁm&mememeltmlqmmmge

out 6CD and 1,5 ht hal enedi sul f oni ¢
additionifinte twaahyashad widi 1mpmédﬂqqlil°f &g%\f”é’b%fi wgsgirred at

about/ V@{ 1 glgde ?k %Yxﬁ;eré'tmb: ehrétlﬁtetl i 1¥0h. Bhé ﬁﬁxture was

e additron of the acid, the additio
filteréd)ane thenesultag ekk was WashedpriepisopeinybHsPhelEd X0 mLi‘ﬁ’éd kept
m xture was, stirred.at ab | £@dtu@der h
on the §fsr fos30dpist (Fhe PRARG ‘%atsﬁir{%%%%) ?erfr%fsto]a ﬁﬁg&%ﬁgur e igh
vaculffdFor 24 h to produce (1R,5S)-8-[2-(4- acetylpiperazin-1-yl)ethyl]-8-

azabicyclo[3.2.1]octan-3-one 1,5-naphthalene-disulfonic salt as a beige crystalline
nonhydroscopic material (51.7 g). '"H NMR (D-0, 300 MHz) § ppm: 8.84 (d, 2H), 8.20
(d, 2H), 7.73 (t, 2H), 4.23 (br s, 2H), 3.74 (m, 4H), 3.62 (s, 4H), 3.32 (m, 4H), 3.32-2.98
(m, 2H), 2.58 (d, 2H), 2.27 (m, 2H), 2.07 (s, 3H), 1.97 (d, 2H).

A stirred solution of (1R,5S)—8—[2—(4-acety1piperazin~1—y1)ethy1]—8-azabicyclo-
[3.2.1]-octan-3-one 1,5-naphthalene-disulfonic salt (51.6 g) in water (500 mL), cooled to
5°C, was basified to pH 14 using aqueous sodium hydroxide (50%), keeping the
temperature below 15°C. DCM (300 mL) was added and the emulsion formed was
filtered through celite. The layers were separated and the aqueous layer was washed with
DCM (3 x 100 mL). The combined organic phases were dried for 24 h to produce
(1R,SS)-8-[2-(4—acety]piperazin—1-yl)ethyl]-S-azabicyclo[3.2.1]octan-3-one (23.3 g, 93%
yield based on the salt).
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filtered, and the resulting cake was washed with

i sopropyl alcohol (2 x 50 mL) and kept on the filter
wban0780795n. The product was then transferred POTAS2007/003961

flask and dried under high vacuum for 24 h to produce

(I R 55)-8-[2-(4-acetyl piperazin-1 -yl)ethyl]-8-

azabi cycl o[ 3. 2. 1] oct an- 3- one

1, 5- napht hal ene-di sul fonic salt as a beige crystalline

nonhydr oscopic material (51.7

. 1H NVR (D20, 30
'\('TR)SSMW*&&&IP@WMHBL—ylastnﬂ%oﬁzatziqy,clofé-%]qqt%n-%qy,e

4.23 (br s, 2H),.3.74 :
(582 g 9)2093né12 _%@s ég.gse}ﬁedégﬁe%g%(og%ngiﬁt(I%Smgtg&%&)r%&t%éb (M@ this
solutio?rr %:x{ggl)imﬁs ‘f&rénagtz @563(.? g,l 21ty moA 20 équied vesladded foligwed by the

2, -8-[2-(4-ace - _g_ -

s g b )t B O A A Ry i on
activa%glgg.rrbgg 152? %ﬁ% gdd@tt_%fthé 506k Yollcwasd ®ethe@dBfion ofmssthanol

et 1 6 pH 14 using aqueous sodi um hydroxi d i
(150 anLgO %he ééag,éph :lngjx’:]the wag spEed eLioenpismpRrature, fopeyt 28 &- Hsjl gas

s adde nd the |.S] f '

om0 S LT L s o s
mixtuleAW & fikéed Washighl catitt hhbfdultRipcake ovagiwyashathwithongihang (about

organi ¢ phases were drjed f 24 .

700 g5 gl o Se A B B P sretehie it dssolyif 56, (600 mL) the
solutigxgrvt;% 9%511&? it(g’??@g %)nﬁgﬁ? golﬂhél‘rorg%ﬁ/dlcﬁﬂod)}b 44 ading$00/hgodium
hydroxigeaﬂhnsowméwam@é%éﬁ g Phlosids gt rgdi s
oy 488} THE B ok SR O 0
The c?ﬂl:blﬁﬁﬂméga?ﬁ@ frbctjonsawdrg dmsfl forapouti &t b_u)ndﬁh]g‘iggd'agann to produce

followed by the addit] f . lo :
e tilgrarryd e st B f e TE P0ore e oAt i on

chron?zﬁ&%rﬁﬁ‘ﬁ)gg IHARIR) (CDB1.9 BOSKIEIZ) Bapeh:t306 T (re2), )34 @, 2H), 3.23 (¢4
olTowed by the addition of netha v T

1H), 348w BH).A-4T (eS8 Kt PP e Q%Brgghw(é’ﬁée Fé% (et 40 Cor s,
2H); ?gﬁg@\@%gc@gw ISP (RO SsanNsT 3625380 55335/ 6al1al49.41,

( ersro he ketone. The reaction
46.13743 168 £1.22.38.47,126.3 20 1220ugh celite, the resulting
cake was washed wi th net hanol (about 700 niL), and the
sol vent renoved. The residue was di ssolved in water
( 3Bl 3:t §@n GRbIlIFARANS((CROIRSSIS): B bBOLY lamnino-Stazabicyclo-
Sofat 1 [3R¢-BAT)ch Pifipiperaith-Adylystingiome% sodi um

(1R,5S)-8-[2—(4-Acety1piperazin—1-yl)ethyl]—S-azabicyclo[3.2. 1}octan-3-one (9.5 g,
0.034 mol) was dissolved in DCM (200 mL) at room temperature. To this solution

benzylamine (4.49 g, 0.041 mol, 1.2 equiv) and acetic acid (1.02 g, 0.017 mol, 0.5 equiv)
were added, followed by the in situ addition of sodium triacetoxy borohydride (14.42 g,
0.068 mol, 2 equiv). The mixture was stirred at room temperature for 24 h, cooled to
about 10°C with an ice bath and 5M sodium hydroxide (200 mL) was added, keeping the
temperature below 20°C. The two phases were separated and the organic phase was dried
(Na;S0y). After removal of the solvent by distillation, the crude product was dried under
high vacuum for 48 h to obtain 11.2g (89%) of the title compound as brown oil. '"HNMR
(CDCl;, 300 MHz) & ppm: 7.31 (m, 5H), 3.73 (s, 2H), 3.61 (¢, 2H), 3.46 (t, 2H), 3.17 (m,
2H), 2.94 (t, 1H), 2.52-1.89 (m, 14H), 2.08 (s, 3H), 1.56 (d, 2H); 3¢ NMR (CDCl3, 75
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hydr oxi de. The sol ution was saturated with sodi um
chloride and the product was extracted with DCM (400
wohde7/09e6 aqueous phase was washed with DCM ( 3PETASE007/003961

mL). The conbined organic fractions were dried for

about 24 h under high vacuumto produce the title
conpound as a viscous |ight brown oil (43 g, 91 %

purity by gas chromatography). 1H NVR (CDO 3, 300|\/Hz)

d ppm 3.61 (t, 2H), 3.46 (t, 2H), 3.23 (t, IH), 18

MHz)é m2hibg.72, Moémlﬁbl)tt 127.86; 128, (58)79% B 7225969 - i3, 4961,

1.41 (d 1.40 (br s, 2H); 13CNMR(CDO 3,
46.10, ﬂquwasp%ﬁ# 1?é~8 %9, 58.87, 57.36, 53.69, 53.35,

53.12, 49.41, 46.13, 42.65, 41. 22 38.47, 26. 39,

21. 22. Exanpl e 3: Synthesis of {4 [2
BBl ayhts ot R RARS %ragugz}’@c?zagngwols 2.1]0ct-
eﬁy})bih;ﬂ]nﬁp&mnml-jyl}qﬁh?n@t igom alternate route)

36;)(‘11?3 I%X%‘gfngeg-%b&a/ﬂo‘{ﬁ.)qu]BMLﬂ-yﬁet&?ﬂﬂ!pGMZm-

g was _di ssol ved
1-yl}- étﬁaJQGM {h%(iﬂodmic)t oﬁiExlarnmtn 3 e(ﬂﬂ)ér&ﬁt%@ o)) gk gisselvet ithn

methag&négl an 2%&1@%@@(%@ gf%l‘?) {qu\?\@%é’s) éiglgg S ddCoy the
addm&%f %’?ﬁli&i&uﬁ{&tﬂpstqweue@dd%tpad)ladmin soditivated ¢arbes, e
bor ohydri de 14.42 g, 0.068

20wtk (Thechyaesseos vgs SEdghY Pgoﬁ% 4p TeLePygp 34524 h ot room
tempe%é)(g} eqpk 911?%&' vad Qi@%aé@ thfoudh cbhR dadtthe @cﬂdex‘&M/mdmomd by

oxi de s added, keeping
distillatbro WHE EBGneTtves dmsolyh@ye\éfa%(?&os@{shﬁf&{ G A 3 g usted to 14

with ﬁ)&% anﬁn&y%g?)g 1 iTgF glgeo@@@ol%@oﬁ wd@fsﬁﬁiaté&maﬂodﬁﬁn thieride

the crude product was dried
and th¥}i6dudiivah exaactedwiitr DO hThe organixi phagg wag drigd gyerdfa:SOs.

R e A
24 h, %ezllﬁle( dompdind ¥ad Z)b(aliﬁedef)thhﬂqu( o1] (118 g, &5%)2 'Ih@ N].\/IR of
the txfz@mmpo@dgpmchqégia? 9%&@@&‘“% %’OEPE“ “1%*} 26 58

58.79, 57.72, 53.69, 52.43, 49.61, 46.10, 41 20,
35.88, 26.51, 21.18. Exanple 4: L§nt hesi s of

| -Exarhple(S: Sﬁmmemosa)(‘ts{zaiﬁﬂéﬂﬁ 3B enzhydryl-aminq)f-aza-
8-picydbidyi.1 picp8rakthyl}-pipdezimioletiianenean al ternate

ro o;lF%\S}l g}ieég"ﬁﬁéﬁ(s éi%s%%be 1%1l %Eggmg e cept replacing benzylamme of

Il oct-8-yl)eth
ExanYﬂl]z RivAet 83idiphenylmethanamine, the t1t1e compound was obtained.

Example 6: Synthesis of 1-{4-[2- ((1R,3R,55)-3- -amino-8-azabicyclo[3.2.1]oct-
8-yl)ethyllpiperazin-1-yljethanone (via a second alternate route)

Following the process described in Example 4, except replacing 1-{4-[2-
((1R,3R,55)-3 -benzylamino-8-azabicyclo[3.2.1 Joct-8-yl)ethyl]piperazin-1-yl}-ethanone
with 1-(4-{2-[(1R,3R,55)-3 -(benzhydryl-amino)-8-aza-bicyclo[3.2. 1Joct-8-yl]ethyl}-

piperazin-1-yl)ethanone, the title compound was obtained.
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yl } - et hanone, the product of Example 3, (17.6 g,

0.0475 nol) was dissolved in nethanol (250 nlL). Acetic
weaeia/od765 g, 0.142 nol, 3 equiv) was added feCirasem7/003961

by the addition of the palladiumcatalyst (wetted 10%

pal | adium on activated carbon, 3.6 g, 20 wt % . The

hydr ogenation was carried out using 40 psi H pressure

for 24 h at roomtenperature. The m xture was filtered

t hrough celite and the sol vent was renoved by

distillation. The residue was dissolved in water (200

nL) and the pH was ad] ed to 14 w % sodi,u . _
Hgxampledts. Symfe @éé\ﬁé@’éﬂﬂ‘ﬁg‘f? 23 @51538& -g3-grabicyclo
i3k LectRtBlrapy Ui methyhpethapesulipnagide o ot o wit h

2. Preg2i¥lon STOV-HRNIN-[ () 256xivias2 dAmetiyNite thabeshHonamidd er
the renoval of the solvent by djistillation and fugﬁher
dAyii2rg flaskiwes ehagged withoraterodl DAoHowed, gy fhe 4‘@9‘&?}}&9 \iis)

S (AP5ahT | i iré bdakeBcsht diaa 1H
hydm’f\%%ﬁ(%f/‘ilﬁﬁg?r?lﬁgé'?g%é%g% cg‘gdbt hat (_:of a?%?a@ Scoorg)ound
hydroXi6p @fak &chshetl Withwaiter (2.x $0umb) end the wyaingssyee gflded to the flask.

|- (4-{2-1(1J? 3i? 55)-3-(B A ) | 0w ]
The mighrearg ghted 4 o dRypPaptiEas Fink| afbobioq -3 ! GVt
methahOdIRWhAL (26000 6535 HeHdn iwaen (500 BLAnsadded exegdpmin. The

repl aci ng benzyl ami ne o anpl e 3 with
mixtuge WaTHSTRAHPF gt #i s HEl (T e P DA 3Ig & 367 mo
was a %'%%1% RPsGitifred S¥PE MRS $-407C. | DicAtdrdmetHah® (BL) was added

2 tHe bt A BETBG Fo3 i g1 130 RG IR o iavess werallpwed to
Lternal S.r QU bl aFsidie 1°§~95§L G5 LaBRAbACR to the
Separ%ﬁ&ﬁ%‘@%}“%‘%(ccep{e o1 A6 g iaﬁé[ - ‘((?]| -

12 L Ahenzyvashedwithazsbplosphoric heid (300 my.) and pring (30 @k)-n- |

-y -ethanone with .
Dichiptomsthaieryas ssmsyed By yoiany BERomyiar, MRS 0 R BrEe ©
the cﬂtuﬁ& BroAiudd, B r8mvEebh Ydthry Piaperatizhn After fHrpetdidifiona cycles of

e titlé conpound was _ obtai ned. . Synthesis
the tobfenie prgqesRihetithg teradiate pas ‘5%@5‘)%‘(@2‘8%(2  azabi cycl o-

b. Pr[ 33.12 i L o s prircl) i ;/ftirgr{e\é)h -nr1r§ U neetﬁelxjrlxefsgf}gﬁnan%ﬁe
- 2y ANy Acsil2eting] B! sickaaB8aoRamAdelid dissblvedKkn ethanol
mjgg%%@?gqgi%?ﬁ’h@%%wg%gﬁ fol loved by the addition
and beagilumihy -0 ildeuiO0s wlded inthe polutians, GyltgynativelydV-maty-N-
[(5)-2-D8irae 8 K Phe N hRhinag *AdhHER is dissolved in ethanol and 1,1-diphenyl-

methanamine (1 — 1.1 equiv) is added to the solution.) The mixture is refluxed until

completion of the reaction. The product is isolated and extracted.

The product of the previous step is deprotected by hydrogenation with H; gas in
methanol in the presence of acetic acid (0.9-1.1 equiv) using a palladium on carbon
catalyst. After removal of the catalyst by filtration, the title intermediate is isolated and

extracted.

c. Svnthesis of N-{(2R)-2-hydroxy-3-[( 1R.58)-3-0x0-8-azabicyclo[3.2.1]oct-8-y1]-
propyl} -N-methylmethanesulfonamide

Following the process described in Example 1, except replacing 1-(2-aminoethyl)-

piperazine of Example 1 with N-((R)-3-amino-2-methylpropyl)-N-methylmethane-

sulfonamide, the title compound is obtained.

14



5

10

15

20

25

hydr oxi de was washed with water (2 x 500 nL) and the
washi ngs were added to the flask. The m xture was
webroo7reth7at room tenperature for 10 min and coBCEASk@7/003961

~8 C. (AT-nethyl)- nethanesul fonam de (200.2 g, 1.835
nmol) in water (500 nL) was added over 5 min. The
m xture was stirred for 1 h at 4 0C and (S)
-2-chl oronet hyl oxi rane (339.6 g, 3.67 nol) was added.
The m xture was stirred for 20 h at 3-4 0C
Di chloronethane (2 L) was added and the nixture was
stirred for ' -
Jrampls Touubatn oL AP r°"2 ? bgo-Bfzabicyclo
PR SR R e ol
ftead®) and washed mnth 1M phosphoric acid (800 nmL) and

a. PreDirafin GBRY(R)-3-anbhé 2L aEOITRIrGHYT Gmmthvhﬁ&hembsblfonmdsy

evaporation. Toluene (400 ni)
pNadabvl-Nthéméw(lwﬂw&%?tparw@g PS}? cﬂ t%éer%‘%n

ee ad of b is%@iﬂ@dﬂf@x‘é%smt hhahe
dlmetl}yl qr@a%?erne%% LP’g)ﬁ\/\]}f(}gi}abtlal1 Eg‘g 228.2 Q). ©

b
mlxtln%l' 1§ peflded amtibompletion of the reaction. The product is isolated by the

addlthr} ef ;]t)ané@&g% Bﬁgﬁ{) ni e& h)\(trgztfagwu)ch bn s &)\ﬂ?ent
- TRE BYdducVof l(h@))réin@)@ StmrSZiepi‘dtmhtyby hgqlrhgmpmﬂhm gas in

is dissolved in ethanol enz
methapgliinvijie pEesaRRER] 20814 #id P PERE t Wk fhats “111 chtalyst. After
remmégom“ﬂet% a‘l%svb?' [ﬁ(l@tlon the title intermediate is isolated and extracted

oxl ran net hyl ]’met hanesul f onam de i s dissol ved
i n et hanol and 1, 1- di phenyl met hanam ne ( 1-1.1 equiV)

- | R-vl
o sufefLUIOL AU LA S ot st ot

The product of the previous i
S tFeploiving] tierpobdass é@lscbyech ydEEgen]@tll @ﬁcm’t feplapng k2 apinoethyl)-

e Sian S Bl IR 2R A5 B npmbon

sulfold2Ria¥ Bhrepired B teaprabess of iiye Iﬁnebiduatstepnthetthb compognd is obtained.
| n termediate is isolated and extracted. c. Synthesis

'iig@@l{% th %%nﬁoﬁ fihs B dREdrikedoxith Sefér%ﬁbdt towhb sp&ific

propyl! - -nmethyl nmet hanesu

emboﬁﬁhbmmhﬂyedfhé spmdd@gsmd%tqqdﬂw PEe %&%?F{ﬂ iaﬂé%é(afms

rephac,d ZdangitRdut f¥parBhe fbm the true
changesmay %? 1%,9516 %n ?ﬁ'ﬂl@aqu&t z%%/ytfegéruggﬂ;ﬁ itRdut @¥paBing .
spirit-aiatsypeef tha iesutibmnEnadiétion, many modlﬁca‘uons 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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the title conmpound is obtained. Exanpl e 8: Synthesis of

7V-{(2 )-2-hydroxy-3-[(] ,5)-3-o0xo0-8-azabicycl o-
wp20®/007o6t - 8-yl ] propyl } - Wnet hyl net hanesul f onaaras2007/003961

(via an alternative route) a. Preparation of

- ((1 ?V3- anmo- 2- et hyl propyl ) - 7V- net hyl nmet hanesul f onai n

i de LT-inethyl -

-[ (S)-2-oxiran-2-ylrnet hyl ] net hanesul fonam de is

di ssol ved i n dinethyl formam de and sodium azide (1-1.1

R4 AT IRCRAtSED 88t he solution. The m xture is

refluxed until conpletion of the reaction. The product

ils i sohabagobyd ofiormyli @:on of brine to the sol ution

and extraction with an ether solyent. The product of

the previous step is dep ob%}(ed\g\y,wydr ogenation with
H gas in nethanol i F\lpre ence”of acetic acid
(0.9-1.1 equiv) ng pal | Rdi um cat al yst. After
renmoval of the catalyst¥by filtration, the title
internediate is isolated andgextracted. b. Synthesis
of N- -hvdroxy- - i .SS"- S-oxo0-S-azabicvclofS.|.noct-

5 whereinyl | propyl ) -JV-net hyl net hanesul f onam de Fol | ow ng t he
pL pces ribed in EXPLe lopeiartinPe R ABYd@xy-protecting
| B( ?S&iﬁ“??éei@%%‘i}?ygm Fper azi%gl 0 I':’xan'pluel 1 wi t%

groupgv- ((i?)-3-am no-2-net hyl propyl ) -i V- net hyl net hanesul fo

ol S A B S v

2.l iPBeb@s: oap, described with reference to the
P lsag%\eég? ipg gnbodfaﬁeﬁts thereof, it shfulbggrﬁg under st ood
h

10 by isseleeted iam e@CG(R)+ REQer 204, £ CQYAITY anges may

be,, mad Uiny @l GV § bl £ehodéty b6 firmula (a):
dg%ésr?e??lcg f;rgl?’n tﬂh(g rueRs’p?Nr(i t)SgﬁDgﬁgcope of the
invention. In addition, manyyfodifications may be rade
to adapt a particular situatian,/ naterial, conposition

of matter, process, process step or steps, to the

obj ective, spirit and scope of®the present invention.

Al | such i fi j i d 2t hi n t he
wherdif &35 Sciecip drot ST n D O IO N s e e Tyt e
15 Pyl REak? aRa R°pad widesendantdly Sasalkyl; dodunent s cited

her ei nabove are incorporated by reference herein in
f 8 0 @fslst hough i ndi vi dual 'y i ncor porated by

r qreclrs%ﬁ(iﬁerﬁaf.
2 The compound of Claim 1 wherein n is 0 and R! is hydrogen.
20 1
3. The compound of Claim 1 wherein n is 1 and R!is -OH or ~OP".
4 The compound of Claim 1 wherein A is a covalent bond.
25 5. The compound of Claim 1 wherein W is a moiety of formula (2).
6. The compound of Claim 5 wherein Z is selected from NC(O)R®,
NS(O):R®, and S(O): and R* and R® are each methyl.
30 7. The compound of Claim 5 wherein Z is NH.
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WHAT IS CLAIMED IS: 1. A conpound of formula (T): (Ib)
wherein: Rl is selected fromhydrogen, -CH and -OP 1,
woher7@om7Rl i s a hydroxy-protecting group; R2 PETAS2MI/003961
-NRaRb, wherein Ra and Rb are independently hydrogen
or P2, wherein P2 is an am no-protecting group; Ais
selected from-0OC(O -, -S(O -, and a coval ent bond; W
is selected from-N(R 3)C(O R4, -N(R5)S(O 2R6, and a
noi ety of formula (a): -N Z SRéW) wherein Z,s
gl ect ik Eompondd()Cim AS(tereircN issAHR) PR a NP2
R4, R5, and R6 are independently G . 3al kyl; and n
'N(R)iséobgr 1; or a salt thereof. 2 The conmpound of Claiml
wherein nis 0 and Rl is hydrogen. 3. The conpound of
Caim1l whereinnis 1 and RL is
cDnpouAdresessifen RFFRIING 2FHpeynd of 1 o g{aéﬁ{?:o% &1 8‘% t@&f
The conpound of Claim1 wherein Wis a noiety of
formula (a). 6. The conp W5 wherein Z is
sel ected from NC(O) O 2IR6 d S(O2 and R4 and
R6 are each net hy™ 7.((The cﬁrpound of daim5 wherein
5 Z is NH 8. The conpound™of Claim1 wherein Ws -N(R
3)C(O R4, or -N(R5)S(O 2Rq1b)

wherein R!, A, W, and » are defined as in Claim 1, the process comprising:

(a) hydrolyzing 2,5-dimethoxytetrahydrofuran in an aqueous acidic medium;

and
10 ®) reacting the product of step (a) with a compound of formula (II):

and 3-oxopentanedioic acid in the presence of a buffering agent in a reaction mixture;

to provide a compound of formula (Ib) or a salt thereof.

15
10. The process of Claim 9 wherein the buffering agent is present in an amount
sufficient to maintain the pH of the reaction mixture between about 4 and about 6.
11. A process for preparing a compound of formula (Ia) or a salt thereof:
n
20 NH>
(Ia).

wherein R!, A, W, and n are defined as in Claim 1, the process comprising:

(a) reacting a compound of formula (1b):

25 (Ib).
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9. A process for preparing a conmpound of formula (IDb)
or a salt thereof: (Ib) wherein R, AAWand n are
wdebometh7as in Claim1l, the process conprisi ngPCfa)2007/003961
hydrol yzi ng 2, 5-di net hoxyt etrahydrofuran in an aqueous
acidic nmedium and (b) reacting the product of step
(a) with a conpound of formula (11): (E) and
3- oxopentanedi oic acid in the presence of a buffering
agent in a reaction mxture; to provide a conmpound of
with af 1845715 @qiva)entr ofansmbtiuthformefe in1he prEsengs A @dEgsition metal
Claim9 wherein the buffering agent is present in an
catalysiiRfunt sufficient to maintain the pH of the reaction
iyt Ur Rab@ige g@m@b@fgx oilflfo?ﬁdlaa(lﬁf)ux/iﬂﬁi a pidtected pminseafformula
pr éparing a conpoun rmula (la) qr a s .
NHP*@hehest Qs bydrogsbpeh pdt i s hrdicoifre Bades ju e prosence
Ln .-G al i jotédifhe grédp begotipag a
of aref iy A ol RARAEAD TR U plcRcdls XD SoEPU
efupreaident@ngiovades ot Oehet 2salhtherofpr esence of a
transition netal catalyst; or (b) reacting a conpound
of formula (Ib) with a protected am ne of fornula
NHP2Q, ThE@i&iess 6 Chithyldrelyeringhe PRocgsricqpaprises §iFp (2)-
am no-protecting group, in the presence of a reducing
agent, followed by renoving the protecting group or
05QUPS THe PriEelY b €1AmCIMi¢rsin @fe froduatlof féinajla () bas an endo
salt thereof. 12. The process of Caim1ll wherein the
to exopatic of sreatamPrans®¥El st ep (a). 13. The process of O aim
12, wherein the product of fornmula (la) has an endo to
exo ratio of greater than 99: 1.
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